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7. The relationship between results teacher level and pupil level

7.1 Introduction

Chapter 5 described the developments in the instructional behaviour of the teachers in the two

experimental groups. Next to that, the differences between the experimental groups and the

control group were studied. Chapter 6 dealt with the achievement of the pupils in the three

research groups. It showed significant effects of the experimental conditions. This chapter

concerns the question how the results on teacher level relate to the results on pupil level.

More specifically, we studied whether differences in achievement in reading comprehension

and metacognition can be explained by specific elements of direct instruction and cognitive

apprenticeship (research question 7). We focus on the outcomes of our main interest, on

which effects of the instructional models were found, namely reading comprehension and

metacognition. As a consequence, no analyses were executed with attitude of pupils as

outcome.

Multilevel analyses were used to study the effects of pupil characteristics and teacher

characteristics in one model. The teacher characteristics are based on the fourth observation.

The outcomes of pupils concern the achievement on the post-test. The results of these points

of measurement most closely represent the effects of the treatments both on teacher

behaviour and on outcomes. The analyses started with standardising the scores. Subsequently,

all multilevel analyses started with a model without explanatory variables to determine the

division of variance between the pupil and the teacher level. The following analyses added

characteristics to the model to explain this variance. We used scores on the pre-test, non-

verbal intelligence, gender and socio-economic background as pupil characteristics.

Additionally, the models for achievement in reading comprehension contained reading speed

as an explanatory variable. There was no pre-test available of the curriculum-specific test, so

these analyses used non-verbal intelligence, gender, socio-economic status and reading speed

as explanatory variables on the pupil level.

The teacher characteristics illustrate the direct instruction model and the cognitive

apprenticeship model. The same indicators were used as in chapter 5. However, these

separate characteristics were only added to the model when the analyses showed a significant

effect of one or both of the experimental conditions.

Section 7.2 describes the results with respect to reading comprehension. Section 7.2.1 deals

with the model for the standardised reading comprehension test, section 7.2.2 presents the

results of the analyses on the curriculum-specific test, and section 7.2.3 discusses the results

of the analyses of the vocabulary test.  The second half of this chapter (section 7.3) describes

the multilevel analyses on the measures for metacognition, both metacognitive skills (section
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7.3.1) and metacognitive knowledge (section 7.3.2). The chapter is concluded with a

summary of the results.

7.2 Reading comprehension

Chapter 6 showed no significant effects of the two experimental conditions on the

achievement on the standardised reading comprehension test. On the curriculum specific test,

the pupils in the CA-group scored significantly higher than the pupils in the DI-group and the

control group. The analysis of covariance on the vocabulary test showed the CA-group scored

significantly higher than the control group. The multilevel analyses should confirm these

results.

7.2.1 Standardised reading comprehension test

The multilevel analyses with the standardised comprehension test started with a model

without explanatory variables, followed by a pupil model, and a model with the experimental

treatments as explanatory variables. Table 7.1 shows the results of these three models.

Table 7.1  Multilevel analyses with standardised reading comprehension test

Empty model Pupil characteristics Experimental conditions

mean

pupil characteristics
pre-test
intelligence
reading speed
gender
ses

conditions
CA-group
DI-group

-0.03 (0.09) -0.00 (0.07)

0.48 (0.05)
0.11 (0.04)
0.22 (0.05)
0.01 (0.08)
0.09 (0.05)

0.03 (0.10)

0.48 (0.05)
0.11 (0.04)
0.23 (0.05)
0.00 (0.08)
0.08 (0.05)

0.02 (0.12)
-0.14 (0.14)

variance
teacher level
pupil level

unexplained

0.09 (9%)
0.87 (91%)

0.02
0.45

49%

0.02
0.45

49%

deviance
significant

798.387 599.308
yes

597.970
no

bold means a significant effect
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The analysis with no explanatory variables (empty model) showed that more than 90% of the

variance in reading comprehension scores was located at the pupil level. Together, the five

characteristics on pupil level explain 51% of the variance. The scores on the pre-test, non-

verbal intelligence, and reading speed had a significant positive effect on the achievement in

reading comprehension. Socio-economic status and gender did not have a significant effect.

In the next model, the two experimental conditions were specified as explanatory variables.

We used dummy variables on the teacher level for the two experimental conditions. These

dummy variables show the effect of one of the experimental groups in comparison with the

results of the other experimental group and the control group. This model hardly explained

additional variance (0.5%) compared with the model with pupil characteristics. Both

conditions did not have a significant effect on achievement. This implies that both cognitive

apprenticeship and direct instruction did not result in higher achievement on the reading

comprehension test than the lessons in the control group. This finding is in line with the

results of the analyses of covariance in chapter 6.

7.2.2 Curriculum-specific reading comprehension test

We specified the same three models for the curriculum-specific reading comprehension test.

Table 7.2 shows the results for the empty model, the pupil model and the model with the

experimental conditions as explanatory variables.
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Table 7.2 Multilevel analyses curriculum specific reading comprehension test

Empty model Pupil characteristics Experimental conditions

mean

pupil characteristics
intelligence
reading speed
gender
ses

conditions
CA-group
DI-group

-0.06 (0.11) -0.15 (0.09)

0.25 (0.05)
0.27 (0.05)
0.23 (0.09)
0.23 (0.05)

-0.32 (0.11)

0.26 (0.05)
0.28 (0.05)
0.21 (0.09)
0.22 (0.05)

0.43 (0.14)
0.08 (0.15)

variance
teacher level
pupil level

unexplained

0.15(15%)
0.81(85%)

0.06
0.58

66%

0.02
0.58

62%

deviance
significant

787.022 681.495
yes

671.707
yes

bold means a significant effect

The empty model showed that 15% of the variance in the scores was located at the teacher

level and 85% on the pupil level. Since no pre-test was available, four pupil characteristics

were specified in the pupil model. Together the variables intelligence, reading speed, gender

and socio-economic status explained 34%. These four pupil characteristics all had a

significant positive effect on reading comprehension achievement. Higher scores on

intelligence and reading speed correlated with a higher score on the curriculum-specific test.

Furthermore, girls scored higher than boys and pupils with a higher socio-economic

background showed more curriculum-specific reading comprehension skills than pupils from

a lower background. The model with the two experimental conditions as dummies explained

an additional 4% of the variance. Cognitive apprenticeship had a significant effect. The

pupils in the CA-group scored significantly higher than the pupils in the other two research

groups. Direct instruction did not have a significant effect.

Next, we replaced the experimental conditions with the general teacher characteristics and the

characteristics of the cognitive apprenticeship model. Only one general characteristic had a

significant effect on the reading comprehension, namely the general quality of the

instructional behaviour (0.21(0.07)). The characteristics of cognitive apprenticeship did not

show significant effects. This implies that the effect of cognitive apprenticeship can not be

attributed explicitly to one or more of the selected characteristics of this model.
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7.2.3 Vocabulary

Achievement on the vocabulary test was used as the third indicator for achievement in

reading comprehension. Table 7.3 shows the results of the multilevel analyses with

vocabulary as outcome measure.

Table 7.3 Multilevel analyses vocabulary

Empty model Pupil characteristics Experimental conditions

mean

pupil characteristics
pre-test
intelligence
gender
ses

conditions
CA-group
DI-group

-0.02 (0.07) -0.02 (0.06)

0.63 (0.04)
0.14 (0.04)
0.04 (0.08)
0.09 (0.05)

-0.09 (0.08)

0.63 (0.04)
0.15 (0.04)
0.03 (0.08)
0.08 (0.05)

0.17 (0.09)
0.02 (0.10)

variance
teacher level
pupil level

unexplained

0.04 (4%)
0.92 (96%)

0.01
0.44

47%

0.00
0.44

46%

deviance
significant

806.125 589.268
yes

585.496
no

bold means a significant effect

The empty model showed that far most of the variance was located at the pupil level (96%).

The teachers only had a small contribution in the development of the vocabulary of the pupils

(4%). Together, the pupil characteristics explained 53% of the variance in outcomes. The

score on the pre-test and non-verbal intelligence had a significant positive effect. The two

experimental conditions did not show a significant effect. Together, they only explained an

additional 1% of the variance. These results contradict the results of the analyses of

covariance.
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7.3 Metacognition

Metacognition was operationalised by metacognitive skills and metacognitive knowledge.

Chapter 6 showed that both direct instruction and cognitive apprenticeship had a positive

effect on metacognitive skills and on metacognitive knowledge. Thus, we expected to find

significant effects of the two experimental conditions on both metacognitive skills and

metacognitive knowledge. The multilevel analyses were used to study which characteristics

on pupil level and on teacher level might cause these effects on metacognition. First, the

results concerning metacognitive skills are presented (section 7.3.1), followed by the results

with respect to metacognitive knowledge (section 7.3.2).

7.3.1 Metacognitive skills

The results of the multilevel analyses with metacognitive skills as dependent variable are

presented in table 7.4.

Table 7.4 Multilevel analysis metacognitive skills

Empty model Pupil characteristics Experimental conditions

mean

pupil characteristics
pre-test
intelligence
gender
ses

conditions
CA-group
DI-group

-0.01 (0.13) -0.11 (0.13)

0.30 (0.05)
-0.11 (0.05)
0.22 (0.10)
-0.06 (0.06)

-0.68 (0.12)

0.29 (0.05)
-0.10 (0.05)
0.23 (0.09)
-0.08 (0.05)

0.94 (0.15)
0.69 (0.19)

variance
teacher level
pupil level

unexplained

0.26(26%)
0.72(74%)

0.22
0.61

85%

0.03
0.61

66%

deviance
significant

762.963 715.076
yes

691.518
yes

bold means a significant effect

The empty model showed that a substantial part of the variance in metacognitive skills was

located at the teacher level, being 26%. The pupil characteristics, score on pre-test,
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intelligence, gender and SES explained only 15%. The score on the pre-test and gender had a

significant positive effect on the score on post-test. The effect of socio-economic background

was not significant. Remarkably, intelligence had a negative effect on metacognitive skills.

This implies that the higher pupils scored on non-verbal intelligence, the less they claimed to

use metacognitive skills during the reading process. The model with the experimental

conditions as explanatory variables explained an additional 19% of the variance. Most of this

explained variance was located at the teacher level, leaving little variance (13%) at this level

unexplained. Both experimental conditions had a large positive effect on the metacognitive

skills pupils use.

To study which teacher characteristics caused these large effects of the conditions; two

models were specified with separate teacher characteristics instead of the conditions, one

with characteristics of cognitive apprenticeship and one with characteristics of direct

instruction. The process of model specification included forward steps, in which the

significance of the contribution of direct instruction or cognitive apprenticeship

characteristics were tested, and backward steps, in which non-significant variables were

excluded. This approach results in a parsimonious model, in which capitalisation of chance is

minimalised (Snijders & Bosker, 1999). Both models started with the specification of

characteristics that the teachers in both experimental groups learned in the training, being

attention for metacognitive skills and reading comprehension skills, preparatory discussion,

evaluation, and the general quality of their instructional behaviour. Only the characteristics

with a significant effect were kept in the model. Next, model-specific variables concerning

time-spending were added in the model. Again, only the significant ones were preserved. In

the following step, the model-specific variables about the quality of instructional behaviour

were integrated into the model. From these variables again only the significant ones were

kept. This resulted in the models that are presented in table 7.5.
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Table 7.5 Multilevel analysis with teacher characteristics, metacognitive skills

CA-characteristics DI-characteristics

mean

pupil characteristics
pre-test
intelligence
gender
ses

teacher characteristics

both models
% prep discussion
% evaluation
% skills
% metacognition
general quality

CA-model
time-spending
modelling
applicability
pupil interaction
involvement groups
group work
quality
using prior knowledge
discovery learning
modelling teacher
modelling pupils
applicability

-0.14(0.07)

0.28(0.05)
-0.12(0.05)
0.21(0.09)
-0.09(0.05)

0.18(0.05)

0.34(0.05)
0.26(0.06)

-0.10(0.05)

0.12(0.06)

mean

pupil characteristics
pre-test
intelligence
gender
ses

teacher characteristics

both models
% prep discussion
% evaluation
% skills
% metacognition
general quality

DI-model
time-spending
prior lesson
whole class
involvement
involvement
individual
independent work
quality
content prior lesson
summary instruction
guided practice
structured evaluation
summary content
lesson

-0.14 (0.07)

0.29(0.05)
-0.12(0.05)
0.20(0.09)
-0.07(0.05)

0.14(0.05)

0.38(0.06)
0.23(0.06)

variance
teacher level
pupil level

unexplained

0.00
0.61

62%

variance
teacher level
pupil level

unexplained

0.01
0.62

64%

deviance
significant

677.768
yes

688.032
yes

bold means a significant effect

Three of the five characteristics that were taught to the teachers in both experimental groups

had a significant effect on metacognitive skills. The first one was the percentage of time

teachers spent on a preparatory discussion in the first stage of the lesson. When teachers spent

more time discussing and explaining new skills, this had a positive effect on metacognitive
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skills. Furthermore, the percentages of the lesson the teachers spent on metacognitive skills or

on reading comprehension skills were also positively related to metacognitive skills.

Additionally, two characteristics of cognitive apprenticeship showed significant effects on

metacognitive skills. Surprisingly, the percentage of time teachers used modelling as an

instructional activity appeared to have a negative effect. A high quality use of discovery

learning during the first stage of the lesson showed a positive effect.

Together these five characteristics explained 23% of the variance compared with the pupil

model, leaving no variance to explain at the teacher level. Compared with the model with the

two experimental conditions, the model with characteristics of cognitive apprenticeship

explained an additional 4% of variance. To study whether the CA-condition had an additional

effect on top of the separate characteristics, the dummy for this condition was added to the

model. The condition did no longer have a significant effect nor did it explain additional

variance. This implies that the effect of cognitive apprenticeship on metacognitive skills

could be fully explained by specific teacher characteristics. In addition to the analyses with

separate characteristics of cognitive apprenticeship, we studied whether the teachers in the

CA-group specifically cause the significant effects of the characteristics of cognitive

apprenticeship. For this purpose, the interactions between group and the characteristics of

cognitive apprenticeship were added to the model. The multilevel analyses showed no

significant interactions. This implies that the effect of the characteristics of cognitive

apprenticeship did not differ between the research groups. For all research groups count that a

higher score on one of the five characteristics with a significant effect results in a higher

score on metacognitive skills. The teachers in the CA-group did not provide an additional

positive influence.

In a separate analysis, characteristics of direct instruction were added to the model instead of

characteristics of cognitive apprenticeship. None of the selected characteristics showed a

significant effect. As a result, the model with characteristics of direct instruction only

contained the three characteristics that apply for both experimental conditions. This model

still explained more variance than the model with the two conditions as explanatory variables

(64% vs. 66%).  When the dummy variable for the DI-condition was added to the model, no

significant additional effect of this condition was found. Furthermore, this model did not

explain additional variance. Thus, the effect of direct instruction appears to have been caused

by the three general teacher characteristics, the percentage of time teachers spent on a

preparatory discussion, on comprehension skills and metacognitive skills.

7.3.2 Metacognitive knowledge

Again, the analyses started with a model without explanatory variables. This empty model

showed that by far most variance was located at the pupil level (92%). Teacher appeared to
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have little influence on metacognitive knowledge. Next, pupil characteristics were specified

to explain the variance. Table 7.6 shows the results.

Table 7.6 Multilevel analysis metacognitive knowledge

Empty model Pupil characteristics Experimental conditions

mean

pupil characteristics
pre-test
intelligence
gender
ses

conditions
CA-group
DI-group

-0.05(0.09) -0.27(0.09)

0.25 (0.05)
0.09 (0.05)
0.47 (0.10)
0.22 (0.06)

-0.49(0.13)

0.24 (0.05)
0.10 (0.05)
0.47 (0.10)
0.22 (0.06)

0.28 (0.15)
0.43 (0.17)

variance
teacher level
pupil level

unexplained

0.07(8%)
0.87(92%)

0.06
0.66

76%

0.04
0.66

74%

deviance
significant

797.677 718.365
yes

712.341
yes

bold means significant effect

The pupil model with scores on the pre-test, intelligence, gender and socio-economic status

as explanatory variables, explained 24% of the variance. Only the effect of non-verbal

intelligence was not significant. The other three pupil characteristics had a positive effect.

Pupils with a higher score on the pre-test had more metacognitive knowledge during the post-

test. Girls appeared to have more metacognitive knowledge than boys did and pupils from a

higher socio-economic background had more knowledge than pupils from a lower

background. The two experimental conditions explained an additional 2% of variance. Only

the DI-group had a positive effect on metacognitive knowledge. The significant difference

between the CA-group and the control group that was found in the analyses of covariance in

chapter 6 was not confirmed in this multilevel analysis. This might be explained by the two

additional pupil characteristics, gender and socio-economic status, that were included in the

multilevel analyses. Differences in gender and socio-economic status between the two

research groups might have caused the significant difference between the CA-group and the

control group. The pupils in the DI-group did have more metacognitive knowledge than the

pupils in the control group. Next, the general teacher characteristics and the characteristics of
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direct instruction replaced the experimental conditions. These analyses did not provide a clear

picture of individual characteristics that had a significant effect on metacognitive knowledge.

The effect of the lessons based on direct instruction model can not be attributed to specific

separate characteristics.

7.4 Summary and conclusions

This chapter studied whether the effects of the two experimental groups can be attributed to

specific teacher characteristics. Besides the influence of pupil characteristics was studied.

First, the effects of the pupil characteristics and the additional effects on the two experimental

groups were modelled. Table 7.7 summarises the significance of the effects.

Table 7.7  Significant effects in multilevel analyses

Reading comprehension Metacognition
standard specific vocabulary skills knowledge

pupil characteristics
pre-test
intelligence
reading speed
gender
ses

conditions
CA-group
DI-group

+
+
+
-
-

-
-

n.a.
+
+
+
+

+
-

+
+

n.a.
-
-

-
-

+
+ (neg.)

n.a.
+
-

+
+

+
-

n.a.
+
+

-
+

The pupil characteristics explained 15% (metacognitive skills) to 53% (vocabulary test) of

the variance in outcomes. The experimental conditions only explained a small percentage of

the variance (0.5 to 3%), except for metacognitive skills. The conditions explained 19% of

the variance in metacognitive skills. This indicates a strong relation between the scores of the

pupils and the experimental lessons.

In general, the multilevel analyses confirmed the results of the analyses of covariance

described in chapter 6. Direct instruction did have a significant effect on metacognition, both

knowledge and skills. Cognitive apprenticeship did have an effect on the curriculum-specific

comprehension test and on metacognitive skills. In contradiction of the results of the analyses

of covariance, cognitive apprenticeship did not have a significant effect on vocabulary nor on

metacognitive knowledge. This might be related to the pupil characteristics that were used in

the analyses. The analyses of covariance only used the score on the pre-test as covariate,

whereas the multilevel analyses used in addition non-verbal intelligence, gender and socio-

economic status. Non-verbal intelligence showed a significant effect on vocabulary, and
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gender and socio-economic status on metacognitive knowledge. The differences in pupil

characteristics may have caused  the difference between the CA-group and the control group

in the analyses of covariance.

The positive effects of cognitive apprenticeship and direct instruction could only partly be

attributed to specific teacher characteristics. Table 7.8 summarises the teacher characteristics

that showed a significant effect.

Table 7.8  Specific teacher characteristics with significant effect

Metacognition

Curriculum-specific test Skills Knowledge

general characteristics

characteristics CA

general quality % prep. discussion
% skills

% metacognition

modelling
discovery learning

none

The positive effect of cognitive apprenticeship on the curriculum-specific reading

comprehension test could not be attributed to separate characteristics of cognitive

apprenticeship. The only characteristic that showed a significant effect was the general

instructional quality of the teachers. The effect on metacognitive skills could be explained by

separate characteristics, though. Time spent on modelling showed a negative effect, whereas

the quality of stimulating discovery learning showed a positive effect. Next to these

characteristics of cognitive apprenticeship, three general teacher characteristics showed a

positive effect. Time spent on a preparatory discussion, on metacognitive skills and on

reading comprehension skills had a positive effect on metacognitive skills. The effect of

direct instruction on metacognitive skills and metacognitive knowledge could not be

attributed to separate characteristics of direct instruction.

In conclusion, only the effects of the experimental treatments on metacognitive skills could

be attributed to specific teacher characteristics.




