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4. Methodology

4.1 Introduction

This study concerns the question whether teachers can implement the cognitive

apprenticeship model and the direct instruction model in their regular lessons in reading

comprehension, after receiving a training and teaching materials. Secondly, the study focuses

on the effects of these two models on achievement, metacognition and attitude of pupils.

Chapter 3 described how the general cognitive apprenticeship model and direct instruction

model were translated into concrete teacher behaviours during lessons in reading

comprehension. This chapter also described that achievement, metacognition and attitude are

studied within the context of reading comprehension. Figure 4.1 shows how the research

model presented in chapter 2 is elaborated.

Figure 4.1 Research model

Teachers Pupils

The first two research questions concern the left part of the figure, i.e. the teacher level:

1. Do teacher training and teaching materials result in the implementation of characteristics

of the direct instruction model in regular lessons in reading comprehension?

2. Do teacher training and teaching materials result in the implementation of characteristics

of the cognitive apprenticeship model in regular lessons in reading comprehension?

cognitive apprenticeship
activating prior knowledge/
problem solving
modelling
co-operative learning
articulation and reflection
applicability

background characteristicsdirect instruction
content prior lessons
presentation new skills
guided practice
independent seatwork
feedback outcomes

reading comprehension
metacognition
attitude
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The effects of the characteristics of the direct instruction and cognitive apprenticeship on the

outcome measures specified in Figure 4.1 are studied on the basis of the following questions:

3. Does instructional behaviour based on the direct instruction model have effect on

achievement in reading comprehension, metacognition and attitude of pupils?

4. Does instructional behaviour based on the cognitive apprenticeship model have effect on

achievement in reading comprehension, metacognition and attitude of pupils?

The ultimate goal of the study is to answer the question how teachers should structure their

instruction when they want to stimulate reading comprehension skills and metacognition. For

answering this question, we compare the general and the differential effects of the models. In

addition, we investigate whether the effects can be attributed to specific elements of the

models. This is worked out in the following research questions:

5. Which model has the strongest impact on reading comprehension, metacognition and

attitude of pupils?

6. Do the two instructional models have different effects for pupils with different

intelligence?

7. Can specific elements of the instructional models explain differences in achievement in

reading comprehension and metacognition?

For answering these research questions a quasi-experimental study was designed with two

levels. The first level concerns the instructional behaviour of the teachers. At this level the

implementation of instructional models was studied. The second level concerns the effects of

the models on achievement, metacognition and attitude at pupil level. This chapter describes

for both levels the research design, the research samples, the research instruments, and the

statistical methods. Section 4.2 describes the research design and section 4.3 the

characteristics of the participating teachers and pupils. Section 4.4 defines the variables under

study and specifies the instruments that were used. Section 4.5 goes into the procedure of

data collection and teacher training. This chapter concludes with a section about the statistical

methods that were used for analysing the data (section 4.6).

4.2 Research design

The design of the study is a quasi-experiment with an untreated control group with a pre-test,

post-test, and follow-up (Cook & Campbell, 1979). One group of teachers was trained in

using the cognitive apprenticeship model. A second group of teachers received training in

applying the direct instruction model in their lessons. A third group did not receive training.

Before the training, four trained observers observed the instructional behaviour of all

teachers. During and directly after the training, the teachers in the experimental groups were

observed two times. These observations were followed by a coaching session. At the end of

the school year, all teachers were observed once more. Halfway the following school year,
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the teachers in the experimental groups were observed for the last time during a follow-up.

Table 4.1 gives an overview of the research design.

Table 4.1 Research design teacher level

Research groups Sept.
1998

Oct/Dec
1998

Nov/Dec
1998

Feb
1999

June
1999

Jan
2000

experimental groups
cognitive apprenticeship
direct instruction

control group

O1
O1

O1

X
X

O2
O2

O3
O3

O4
O4

O4

F
F

X = training 
O1 = first observation O4=fourth observation
O2 - O3 = observation and coaching  F=follow-up measurement

On the pupil level, a quasi experiment was designed with a pre-test, a post-test, a follow-up, and

a control group. The experiment contained three groups. The first group of pupils received

instruction in reading comprehension based on the cognitive apprenticeship model. The pupils in

the second group received instruction according to the direct instruction model. The control

group of pupils was taught in the regular way. At the beginning of the school year, all pupils

made several achievement tests. After this pre-test, the pupils in the two experimental groups

received the experimental treatments. At the end of the school year, the pupils were tested once

more in a post-test. To study the long-term effects of the treatment, the pupils were tested for the

last time during a follow-up halfway the following school year. Table 4.2 shows the research

design on the pupil level.

Table 4.2 Research design pupil level

Research groups September
1998

Oct/July
1998/1999

July
1999

January
2000

experimental groups
cognitive apprenticeship
direct instruction

control group

O1
O1

O1

X1
X2

O2
O2

O2

F
F

F
O1 = pre-test
X1 = treatment 1 O2 = post-test
X2 = treatment 2 F = follow-up measurement
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4.3 Research samples

Within the study, we distinguish two samples, a sample of teachers and a sample of pupils.

Section 4.3.1 describes the procedure of composing the sample of teachers and the

characteristics of this sample. Section 4.3.2 deals with the composition and characteristics of the

sample of pupils.

4.3.1 The sample of teachers

The experiment focussed on teachers of grade 7 (age 10 and 11) of elementary schools. In

April 1998, all teachers in the northern part of the Netherlands, who use a specific teaching

materials for reading comprehension (Ik Weet Wat Ik Lees), received a letter inviting them to

participate in the study. Although an experiment formally calls for random assignment to

experimental and control group, we decided teachers should be free to choose for training

either in the cognitive apprenticeship model or in the direct instruction model. Both following

the training and implementing the experimental lessons are very time and energy consuming.

Thus, teachers need to be highly committed to implementing the instructional model into

their lessons in reading comprehension. Voluntary participation in the training of their choice

is expected to positively influence the commitment of teacher. Besides that, research shows

that most effective inservice teacher education programs involve teachers who choose to

participate (Anders, Hoffman & Duffy, 2000).

In sum, 83 teachers of grade 7 received our letter. The letter gave a short summary of the

content of both training conditions, and contained a form on which the teachers could

indicate in which training they were interested. Hardly any teachers returned this form. A few

weeks after the teachers received the letter, they were phoned and asked whether they were

interested to participate in a training. Most teachers did not want to participate, although they

indicated that they were interested in training concerning reading comprehension. The

teachers had various reasons for not participating. The following three reasons were

mentioned the most; no time available for following a training, already subscribed for other

courses, and the school training program has an other focus than reading comprehension.

Nine teachers wanted to follow training in applying the cognitive apprenticeship model in

reading comprehension. One of these teachers did not teach reading comprehension in grade

7, so she was left out of the analysis. Five teachers wanted to participate in the training

concerning instruction in reading comprehension based on the direct instruction model. Seven

teachers were willing to participate in the control group. Table 4.3 shows the characteristics

of the three groups of teachers.
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Table 4.3 Description of the sample of teachers

Gender
Group

Male Female
Teaching

experience
Experience with

materials

cognitive apprenticeship 6 2 21.4 3.1
direct instruction 5 - 23.6 1.2
control group 4 3 21.7 3.4

The teachers in the study all had extensive experience with teaching. In all three research

groups, the teachers had more than 20 years of teaching experience on average. The

experience ranged from 9 to 30 years. The Kruskal-Wallis test showed that the three research

groups did not differ significantly in their teaching experience. The total sample of teachers

consisted of 75% male and 25% female teachers. All participants in the direct instruction

group were male.

The question into the experience of teachers with the teaching materials led to diverse

answers. The experience varied between zero and six years, but sometimes the experience did

not concern grade 7 and sometimes the teacher indicated that he made little use of the

teaching materials during the years the materials were available. This made it difficult to

compare and value the experience of the teachers with the teaching materials. The Kruskal-

Wallis test indicated no significant difference between the research groups.

During the follow-up, only the teachers that still taught grade 7 were observed once more. As

a consequence, none of the teachers in the control group were observed. Another reason for

this dropout in the control group was that some teachers could no longer serve as control

teachers, because they had received the rewritten teaching materials in exchange for their

participation. As a consequence, their instructional behaviour in their lessons in reading

comprehension could also be based on direct instruction or cognitive apprenticeship. In sum,

we observed five teachers from the cognitive apprenticeship group and four teachers from the

direct instruction group during the follow-up.

4.3.2 The sample of pupils

All grade 7 pupils that were taught by the participating teachers were involved in the study.

During the follow-up the pupils were in grade 8. Table 4.4 shows the number of pupils in

each research group during the three point of measurement. The column ‘total’ presents the

number of pupils that took at least one test; the column ‘compl.’ presents the number of

pupils that participated in all tests.
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Table 4.4 Number of participating pupils in each research group

Pre-test Post-test Follow-up
Group

total compl. total compl. total compl.

cognitive apprenticeship 118 114 115 112 105 103
direct instruction 71 68 70 64 68 65
control group 95 92 94 91 77 75

The study started with 284 pupils. Since the number of teachers was the largest in the

cognitive apprenticeship group, the number of pupils in this group was also the largest. The

number of pupils in the direct instruction group was the smallest. Between pre-test and post-

test only a few pupils dropped out of the study. Between post-test and follow-up the dropout

was much larger, because some pupils repeated grade 7 and some pupils left the school. In

sum, 215 pupils took all tests on all three points of measurement. The dropout was the largest

in the control group, because one class of pupils could no longer be tested. The teacher of this

class did not want to participate in the study, because of other commitments.

4.4 Research instruments

For the study of the implementation of respectively the direct instruction model and the

cognitive apprenticeship model, we focused on the characteristics of the two models that

were incorporated in the rewritten versions of the teaching materials. The study of the effects

of the instructional models focused on the achievement in reading comprehension,

metacognition and attitude. Furthermore, we studied whether the three groups differed on

relevant background characteristics, because the pupils were not randomly assigned to the

research groups. We gathered information about four background characteristics of the pupils

that generally correlate with achievement in reading comprehension and metacognition.

Section 4.5.1 describes the operationalisation of the characteristics of direct instruction and

cognitive apprenticeship and the research instruments that were used to measure these

characteristics. The following section (4.5.2) deals with the operationalisation of reading

comprehension, metacognition and attitude. This section pictures the research instruments

concerning these outcomes and the background characteristics.

4.4.1 Operationalisation and research instruments on the teacher level

To study whether the teachers implemented the instructional behaviour they learned to use in

their lessons in reading comprehension, their lessons were observed. The instructional

behaviour was registered with two types of instruments, a low-inference instrument and a high-
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inference instrument. Both instruments focus on the characteristics from the direct instruction

model and the elements from the cognitive apprenticeship model, which were described in

chapter 3. With respect to direct instruction, it concerns the characteristics: teacher provides

retrospect prior lesson, teacher summarises content and goal of the lesson, teacher provides

instruction in interaction with pupils, teacher regulates guided practice, teacher uses

independent, individual seatwork, teacher provides feedback during lesson, teacher provides

whole class feedback in final stage of lesson, teacher concludes lesson with summary of the

content of the lesson. The characteristics of cognitive apprenticeship that were studied were:

teacher facilitates pupils activating prior knowledge, teacher poses problems and coaches

problem-solving, teacher models or stimulates pupils to model, teacher enables articulation

during co-operative learning, modelling and reflection, teacher coaches and fades guidance

during co-operative learning, teacher offers opportunity for reflection in final stage of lesson,

and teacher discusses applicability. Additionally, the high-inference instrument deals with

general instructional behaviour, that the teachers in both groups should demonstrate. Existing

observational instruments for reading comprehension were used for the development of the two

instruments (Booij, Houtveen & Overmars, 1995; Sliepen & Reitsma, 1993).

The low-inference observational instrument registers how teachers spend their time during

the lesson in reading comprehension. Every two minutes, observers registered which

activities were taking place in the lesson, which lesson content was discussed (reading skills,

metacognitive skills), which setting was applied (whole class, co-operative group work, or

individual work), which interactions were taking place and with whom the teacher was

involved (whole group, small groups, or individuals).

Because the incidence of observed behaviour is in itself not informative about the quality of

the observed behaviour (Burgess et al, 1993), a 5-point rating instrument was used

additionally. The observers filled in this high-inference instrument directly after the lesson

observations. The rating scale consists of 28 statements. Each statement provides an elaborate

description of characteristics of high quality instructional behaviour. The observers judged to

what extent the described instructional behaviour was observed during the lesson. The

statements can be categorised in three groups. Six items illustrate elements from the cognitive

apprenticeship model (such as 'teacher models the use of skills'), six items concern elements

from the direct instruction model (such as 'teacher provides guided practice') and 16 items

concern more general instructional quality (such as 'teacher gives clear presentation of

content'). These last 16 general items form a reliable scale (Cronbach's alpha .85), that runs

from 16 to 80. The scores on the separate cognitive apprenticeship items and direct

instruction items each range from 1 to 5.

Five persons were trained in using the observational instruments. The interrater reliability for the

high-inference instrument was .81 (Gower’s congruence measure; Gower, 1971). Table 4.5
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shows how the elements of direct instruction and the elements of cognitive apprenticeship were

measured with the two observational instruments.

Table 4.5 Operationalisation direct instruction and cognitive apprenticeship

Direct instruction Cognitive apprenticeship

content prior lessons
content prior lesson
summary prior lesson

t
q

activating prior knowledge and problem
solving
preparatory discussion
interaction teacher/pupils
using prior knowledge
discovery learning

t
t
q
q

presentation new skills
preparatory discussion
interaction teacher/pupils
description content, goal
summarising presentation

t
t
q
q

modelling
modelling
modelling teacher
modelling pupils

t
q
q

guided practice
interaction teacher/pupils
provision guided practice

t
q

co-operative learning
pupils work in groups
interaction among pupils
teacher involved small groups
co-operative learning and coaching

t
t
t
q

independent seatwork
individual setting
nobody speaks
teacher involved individuals

t
t
t

articulation and reflection
evaluation and reflection
interaction teacher/pupils

t
t

feedback
evaluation and reflection
structuring evaluation
concluding summary

t
q
q

applicability
discussion applicability
attention for applicability

t
q

general quality
metacognitive skills
comprehension skills
general instruction

t
t
q

general quality
metacognitive skills
comprehension skills
general instruction

t
t
q

t= measured by low-inference instrument: time-spending
q= measured with high-inference instrument: quality
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4.4.2 Operationalisation and research instruments on the pupil level

The research questions on pupil level ask what the effects are of the instructional behaviour,

either based on the direct instruction model or on the cognitive apprenticeship model, in lessons

in reading comprehension on achievement in reading comprehension, metacognition, and

attitude.

The achievement in reading comprehension was measured with two different tests. The first

one was a curriculum-specific test that specifically measures the skills that were instructed in

the experimental lessons. Secondly, a standardised reading comprehension test was used to

study whether learning gains in these skills result in larger general reading comprehension

ability. Furthermore, a standardised test for vocabulary was used as indicator for skilled reading

comprehension, because these two are strongly related (Aarnoutse et al, 2001; Pressley, 1998;

2000) and the vocabulary of pupils might also have been influenced by instruction in reading

comprehension.

The metacognition of pupils was divided in metacognitive skills and metacognitive knowledge.

Separate measures were developed for these two concepts.

The third output measure was attitude. A questionnaire was developed that measures the pupils’

attitude towards different aspects of reading comprehension, such as attitude towards the

lessons in reading comprehension and the perception of skills in reading comprehension.

Finally, data were gathered about skills in decoding, non-verbal intelligence, gender and

socio-economic background. These variables were expected to correlate with achievement

and thus were used as control variables. Additionally, non-verbal intelligence was used for

studying differential effects of direct instruction and cognitive apprenticeship.

Below, the research instruments are described.

Reading comprehension

The development in the achievement in reading comprehension was measured with two tests,

a standardised test and a curriculum-specific test. The standardised test for reading

comprehension of the Dutch National Institute for Educational Measurement (CITO) was

used in all three measurements (Staphorsius & Krom, 1996). For each year, this test consists

of three parts with 25 multiple-choice questions each. Normally, the pupils have to make the

complete test in January or February. All pupils have to make the first part. Their score on the

first 25 items determines whether they have to make the second, easier, part or the third, more

difficult part of the test. The results of these two parts together lead to a reliable score for

reading comprehension on the pupil level. However, this study focuses on the development of

groups of pupils within a school year. So the test was used in a different way. In the pre-test,

the first part of the test was used (p=.63, alpha=.80). The pupils read four texts and answered

the 25 multiple-choice questions about these texts. In the post-test, part 3 of the same test for
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grade 7 was used. This part of the test consists of 5 texts with 25 multiple-choice questions

(p=.56, alpha=.80). The follow-up used the first part of the test for grade 8. This part also

contains 5 texts with 25 multiple-choice question (p=.63, alpha=.81). After discussing some

examples of questions, the pupils got 45 minutes to do the test. The test score is the number

of right answers, and ranges from 0 to 25. The reliability of the tests is based on this study,

the p-values are provided by CITO.

The curriculum-specific reading comprehension test was specially designed for measuring

the specific skills the pupils learned to use in the experimental lessons. The test is based on

one of the three tests that belong to the original teaching materials (Berenst, Hofstede &

Oosterloo, 1995). All texts (6) were used and several of the questions. More questions were

added that concern metacognitive skills, kinds of texts, and text structures. In total, the test

contained 6 short texts with 37 multiple choice questions. Based on reliability analysis and

the calculation of p-values, 12 items were removed from the test. Only items with a Rit

higher than .20 and a p-value between .20 and .90 were kept in the test. As a result, the

curriculum-specific test contains 25 multiple-choice items. The test is reliable with an alpha

of .80, and is appropriately difficult with a mean p-value of .64 (Feldt, 1993). Six items focus

on orientation on a text, seven concern kinds of texts, four deal with text structures, and the

final seven regard an evaluation of the text. The test started with a short instruction. After the

instruction, the pupils got 30 minutes to do the test. The test score ranges from 0 to 25 points.

The development in the vocabulary of the pupils was also measured with a standardised test

of the Dutch National Institute for Educational Measurement (CITO). There are two

vocabulary tests for grade 7, one for the middle of the school year and one for the end of the

school year. During the pre-test, the pupils made the test that is meant to be made in the

middle of the school year (M7; alpha.79, p-value .55). During the post-test, they made the test

that is meant for the end of the school year (E7; alpha .77, p-value .55). During the follow-up,

the pupils took the test for grade 8 (M8; alpha .80, p-value .54). All three tests consist of 32

multiple choice questions concerning the meaning of a word. Each word is presented in the

context of a sentence. Pupils have to choose from four explanations, which one represents the

meaning of the word. The score on the test is the number of right answers (range 0 to 32).

This score can be converted into a scale score, which makes it possible to compare the

development in vocabulary between different points of measurement and between pupils

(Verhoeven & Vermeer, 1995). The ranges of scale score of the tests differ; the scale score of

M7 ranges from 23 to 178, the scale score of E7 from 14 to 195 and the score of M8 from 28

to 201. The test administration started with the discussion of  two example questions, after

which the pupils got 20 minutes to do the vocabulary test. The information about the

reliability is provided by the CITO, the p-values are based on this study.
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Metacognition

In the ideal situation, the use of metacognitive skills should be measured during the

completion of a task without interfering with the task completion. Thinking aloud is a

research method that does not interfere with the actual working on a task and it does not

disturb thinking processes (Van Someren, Barnard & Sandberg, 1994). A drawback of

thinking aloud is that analysing thinking aloud data is very time-consuming. Thus, this

research method is not suitable to assess the use of skills of large numbers of pupils. A

questionnaire can be used for a larger sample. However, with a questionnaire the time

between using skills during the reading process and reporting on this use is larger. This

results in a decreasing validity of the reporting (Ericsson & Simon, 1993). A questionnaire

does not measure the real use of skills, but the perception of the use of skills. Bearing this

interpretation in mind, a questionnaire can provide information about how often pupils think

they use skills. Furthermore, a questionnaire is suitable for measuring the knowledge pupils

have about metacognitive skills. Using these insights, a questionnaire was developed with

two types of questions, one concerning the use of metacognitive skills and one dealing with

metacognitive knowledge. This way the effect of the experimental treatments can be

established for a relatively large number of pupils. The questionnaire was developed using

existing instruments for measuring metacognition in a reading setting (Kluvers & Simons,

1992; Brand-Gruwel, 1995; Walraven, 1995).

Metacognitive skills are measured with 17 questions concerning the use of these skills. The

pupils have to fill in to what extent the described use of a skill in reading comprehension

corresponds with their own behaviour. The pupils can choose from three answers, namely

yes, sometimes, and no. The 17 items are divided into the different stages in the reading

comprehension process. Five questions deal with skill before reading, for example ‘Before I

start reading, I look at the pictures and the title of the text’. Four concern skills that can be

used during the reading process, such as ‘While I am reading, I predict how the text will

continue.’ Another four items focus on skills aimed at repairing misunderstanding, an

example of this category is ‘When I notice while I read a text, that I do not understand a part

of the text, I read difficult parts of the text once more.’. The final four questions deal with

skills that are used after finishing reading the text, for instance ‘When I have finished

reading, I try to tell myself what the text was about.’. The alpha of the total scale is  .78

during the pre-test (post-test .88 and follow-up .85). The scale score ranges from 17 (no use

of metacognitive skills) to 51 (uses all 17 skills all the time).

The second part of the questionnaire focuses on metacognitive knowledge. This part of the

questionnaire consists of 8 questions divided into the same stages (two questions for each

stage) as the first type of questions. The pupils have to choose from two given answers,

which one is the best. For example, with respect to activities before reading a text, pupils

have to choose between the possible answers ‘Wonder what the text will be about.’ and ‘Read
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the last sentence, so that I know how the text will end.’  Concerning the preferable actions

during the reading process, pupils have to pick one from the following two options ‘Just read

the text fast.’ or ‘Wonder whether I understand the text.’ From activities pupils can undertake

after reading the text, they have to choose for example between ‘Tell in my own words what I

have read.’ and ‘Count the number of words that I do not understand’. With respect to solving

misunderstanding, pupils for example have to choose between ‘Continue reading.’ and ‘Read

a part of the text once more’. The scale scores range from 0 (no right answers) to 8 (all

answers right). The reliability of the scale is .65 (Cronbach’s alpha).

Attitude

The questionnaire concerning the attitude of the pupils contains 24 statements. The pupils can

choose from three answers, namely yes, sometimes, and no to indicate to which extent the

attitude described in the statement corresponds with their own attitude. The total attitude

scale contains all 24 items, ranges from 24 to 72 and has a reliability of .85 (alpha). The

statements deal with four different concepts.

Seven questions focus on the attitude of the pupils towards the lessons in reading

comprehension. An example of an item in this scale is ‘I like the texts that we read during the

lessons in reading comprehension’. This scale attitude towards lesson has a reliability of .83,

and runs from 7 (really dislikes lessons in reading comprehension) to 21 (likes lessons in

reading comprehension very much).

Six questions concern the pupils’ perceptions of their own skills in reading comprehension,

for example ‘At the end of the lesson in reading comprehension, I understand all exercises’.

This scale perception of skills has a reliability of .74 and runs from 6 (low perception of own

skills) to 18 (high perception of own skills).

The third concept is represented by the 6 items of the subscale focus on learning with a

reliability of .70 and a range from 6 (not focussed on learning) to 18 (highly focussed on). An

example of the statements in this scale is ‘I consider it important that I understand the texts

that I read.’.

The final subscale focuses on the attitude towards co-operation (4 items, alpha .57). This

subscale contains items such as ‘I enjoy working on exercises together with classmates’, and

runs from 4 (does not like co-operation) to 12 (highly validates co-operation). Because of the

low reliability of this scale, we decided to leave this scale out of the analyses.

The division of the attitude scale in four subscales was affirmed by a factor analysis with four

factors given.

Control variables

The non-verbal intelligence was tested with a subtest of the revised version of the Snijders-

Oomen Non-verbal Intelligence test (SON-R). Because of time limits, one subtest was chosen
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that could be used to test groups of pupils at the same time. The subtest analogies was the

most suitable, because it correlates well with reasoning tests and spatial tests. Furthermore,

the relationship of analogies with the external variables, such as achievement, corresponds

reasonably with that of the IQ-score (Laros & Tellegen, 1991). The analogy test consists of

30 geometrical figures, which are changed. The pupils have to discover the principle behind

the change and apply this principle to another geometrical figure. The pupils have to choose

the answer from four figures. This procedure was practised with three examples. The pupils

got 15 minutes to make the 30 assignments. The scores on the non-verbal intelligence test

range from 0 (no correct items) to 30 (all items correct). The reliability of the subtest is .79

(Cronbach’s alpha) (Laros & Tellegen, 1991). In this study, the p-value of the items was .58.

The second control variable was reading speed. For measuring the reading speed a

standardised test of the Dutch National Institute for Educational Measurement (CITO) was

used (Krom, 1996). This test measures the speed in reading a text in silence. While the pupils

are reading, they are confronted every tenth word with three words of which only one fits in

the sentence. The other two words are derived from the right word, by leaving out a letter, by

interchanging letters or by mixing letters. The pupils have to underline the word that they

choose. There are two tests for grade 7; both have to be used at the end of the school year.

One of these tests is an extra test for pupils who make more mistakes on the first test than is

regarded acceptable. In the study, all pupils made only the first test during the pre-test. We

could use this test at the beginning of the school year, because reading speed was used as

control variable and not for studying progress in reading speed.  Moreover, all three groups of

pupils made the test at the beginning of the school year, thus the point of measurement does

not influence differences between groups. The reading speed test consists of 5 pages of text

with 100 word choose problems. Before the testing, the pupils practised with reading and

underlining words. After this, the pupils got 5 minutes to read the text and underline words.

The score on this test is the number of words that the pupil underline correctly and runs from

0 to 100. The reliability of this test is .91.

Table 4.6 provides an overview of the qualities of the measures and on which points of

measurement they were used.
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Table 4.6 Measures and points of measurement

Range Alpha P-value Pre Post F

reading comprehension
standardised test
curriculum specific test
vocabulary test

0-25
0-25

14-201

.80/.80/.81
.80

.79/.77/.80

.63/.56/.63
.64

.55/.55/.54

+
-
+

+
+
+

+
-
+

metacognition
metacognitve skills
metacognitive knowledge

17-51
0-8

.78

.65
+
+

+
+

+
+

attitude
general
towards lesson
perception of skills
focus on learning

4-72
7-21
6-18
6-18

.85

.83

.74

.70

+
+
+
+

+
+
+
+

+
+
+
+

non-verbal intelligence
analogy test (SON-R) 0-30 .79 .58 + - -

reading speed
standardised test 0-100 .91 + - -

The correlations between the scores on the instruments are presented in the appendix for each

point of measurement separately. This appendix also provides information about the correlations

between points of measurement.

In addition, the teachers filled in a questionnaire concerning the socio-economic background of

the parents of the pupils, and the nationality and the gender of the pupils. The socio-economic

position of the parents was operationalised by four questions about the educational level of the

father and the mother, and about the occupational level of the father and the mother. The

educational level ranges from 1, primary education, to 6, higher education of university. The

occupational level ranges from 1, unskilled labour, to 6, higher professions. The score of the

pupils is based on mean of the scores on the four indicators. Thus, the scores of the pupils on

socio-economic background range from 1, low background, to 6 high background. Only 8 pupils

(3% of the pupils) have another nationality than the Dutch nationality. This number is so small,

that this characteristic was left out of the analyses.

4.5 Data collection

The teachers were observed during one lesson in reading comprehension, before the training

started. The researcher and three assistants visited all 20 teachers for the observation. The

assistants were trained in using the observational instruments. This training consisted of

clarification of the concepts and practice with a videotape of a reading comprehension lesson.

The observers used a stopwatch for the low-inference instrument. The high-inference
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instrument was complemented with illustrative descriptions of instructional behaviour that

would score lowest (1), instructional behaviour that would receive an average score (3), and

instructional behaviour that meets all elements of this high quality behaviour (5). These

descriptions supported the valid registration of the quality of the instruction behaviour.

The same four persons tested the pupils. For this task, they also received training and a

manual with an extensive description of the testing procedure. During the pre-test, the pupils

took the tests in the morning. They first made the standardised reading comprehension test,

followed by the test for non-verbal intelligence. Then, the pupils had a short break, after

which they continued with the test for reading speed, the vocabulary test and the

questionnaire with questions about metacognition and their attitude towards reading. All

pupils started each test at the same time; they could read a book or draw silently when they

finished a test early. The testing took two hours and ten minutes.

After this first round of data collection, the experimental treatments started. The teachers in

both experimental groups were trained for 15 hours, in 5 sessions of three hours each. The

design of the training was described in chapter 3. The researcher herself trained both groups

of teachers. The teachers were very positive about the training. The teachers in the cognitive

apprenticeship group valued the training with a 7.6, with a range from 7 to 8.2. The teachers

who followed the training in direct instruction in reading comprehension gave a mean score

of 7.9, with a range from 7 to 9. Next to the training, the researcher coached the teachers

three times in their regular classroom setting. The teachers appreciated the coaching sessions

very much. The teachers in the cognitive apprenticeship group valued the coaching sessions

with a 7.9, with a range from 7 to 8. The teachers in the direct instruction group appreciated

the coaching with an 8.4 on average, with a range from 8 to 9.

After the first training session, the teachers received the rewritten version of the teaching

materials. Before the experiment, all teachers in the study used the same teaching materials

for reading comprehension (Ik Weet Wat Ik Lees). For the study, the teaching were rewritten

in two ways, incorporating the instructional models into the original materials. The

development of these revised teaching materials was described in chapter 3, as well as an

example of a lesson based on the cognitive apprenticeship models and an example of a lesson

based on the direct instruction model. The cognitive apprenticeship teachers valued the

teaching materials between 7 and 9 with an average of 7.9. These teachers appreciated the

workbooks for the pupils with a 7.4 (range 7 to 9). The teachers in the direct instruction

group were slightly more positive. Their average value of the teaching materials was an 8

(range from 7 to 9) and of the workbooks 7.8 (range from 7 to 9).

During and directly after the training, the researcher observed the teachers in the two

experimental groups two times with the same observational instruments. These observations

were combined with the coaching sessions. During the latter observation, the researcher was

accompanied by a colleague for further studying the interrater reliability.
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At the end of the school year, all teachers were observed once more by the researcher. In the

same period, the same three assistants and the researcher tested the pupils again. As during

the pre-test, the pupils started with the standardised reading comprehension test. Secondly,

they took the vocabulary test, followed by a break. After break, the pupils made the

curriculum-specific reading comprehension test, and finally they filled in the questionnaire

with questions about metacognition and attitude. The test administration took two hours and

ten minutes.

Halfway the following school year, the teachers in the experimental groups were observed for

the last time. Only the teachers that still taught grade 7 were observed, because only these

teachers could still use the experimental teaching materials. Again, the researcher did all the

observations, in some cases accompanied by a colleague. In sum, twelve lessons were

observed by two persons.

Simultaneously, the pupils were tested for the last time. They were in grade 8 during this

follow-up measurement. One of the same and one new assistant were trained for the data

collection. The pupils first made the standardised reading comprehension test. Next, they

took the vocabulary test and finally they filled in the questionnaire. In total, this took about

one and a half hour.

4.6 Data analyses

For answering the research questions concerning the implementation of direct instruction and

cognitive apprenticeship, non-parametric tests were used because the number of teacher in each

research group is rather small. If sample sizes are as small as N=6, there is no alternative to

using a non-parametric statistical test unless the nature of the population distribution is known

exactly (Siegel, 1956). The equivalence of groups before the treatment was tested with the

Kruskal-Wallis One-way analysis of variance for independent groups. This test decides whether

differences among groups signify genuine differences or represent merely chance variations.

The scores of the low inference observation instrument were converted into percentages of

lesson time within each observed category. This procedure makes it possible to compare the

scores of the teachers for each separate category within the experimental groups and between

the experimental groups and the control group. The developments within the two

experimental groups were tested with the Wilcoxon matched-pairs Signed-ranks test. The

Mann-Whitney U test was then used to test the significance of expected differences between

each experimental group and the control group. The content of the lesson was difficult to

register for some activities (such as co-operative learning or individual practice). Therefore,

these results only concern the activities in the starting phase (activating prior knowledge,

daily retrospection etc.) and final phase (evaluation) of the lesson.
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The data of the high inference observation instrument were analysed in a similar way. With

respect to the separate items, the Wilcoxon matched-pairs Signed-ranks test was used to test the

developments within the experimental groups and the Mann-Whitney U test to examine the

expected differences between each of the experimental groups and the control group during the

second observation. The scores on the first and fourth observation on the scale general

instructional quality were translated into gain scores. The differences between these gain scores

were also tested with the Mann-Whitney U test. Because we expected that the two experimental

groups would develop towards the instructional model they were trained in, these developments

were tested one-tailed on a significance level of 5%. The differences between groups were tested

at the same level, because we expected that the experimental groups would show higher scores

on the characteristics of the model than the other two research groups.

Next, the effects of direct instruction and cognitive apprenticeship on achievement and

metacognition were studied. The analyses started with the calculation of mean group scores

for reading comprehension, vocabulary, metacognitive skills, metacognitive knowledge, and

the attitude scales for all three points of measurement. T-tests for paired samples were used to

study the developments over time within the two experimental groups and the control group

(significance level of 5%). Analyses of covariance with scores on the pre-test as covariate

were executed to test the differences between the research groups. In the analyses of learning

gains in reading comprehension, reading speed and non-verbal intelligence were included as

covariates. We used these variables as covariates to make a finer comparison between the

scores of the research groups, because research shows these variables highly correlate with

reading comprehension skills (Aarnoutse et al, 2001; Pressley, 1998; 2000). Since no pre-test

was available of the curriculum-specific test, these analyses of covariance only used reading

speed and non-verbal intelligence as covariates. When the analyses showed a significant

effect of group, additional analyses of covariance were executed to find out which groups

differ significantly.

Finally, multilevel analyses were used to study characteristics on pupil level and

characteristics on teacher level in one model. The analyses focused on the most important

outcome measures, namely reading comprehension and metacognition. With respect to

reading comprehension, models were built for the standardised test, the curriculum-specific

test, and the vocabulary test. Similar, separate models were built for metacognitive skills and

for metacognitive knowledge. All models concern pupil achievement on the post-test and use

the teacher behaviour of the fourth observation, because these data most closely show the

effects of the treatments. All variables in the models were first standardised. Due to the small

number of teachers in each research group, we were not able to use research group as

separate level in the multilevel analyses. Instead, we used dummy variables on the teacher

level for the two experimental conditions. These dummy variables show the effect of one of
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the experimental groups in comparison with the results of the other experimental group and

the control group.

For each outcome measure, the analyses started with a model without explanatory variables

(empty model) to study the division of variance between teacher and pupil level. The second

model contained the pupil characteristics: score on the pre-test, non-verbal intelligence, gender

and socio-economic background. The reading comprehension models also included reading

speed on the pupil level. In the third model, the two experimental conditions were added as

explanatory variables. When this latter model showed a significant effect of one or both

experimental conditions, a fourth model was defined with separate teacher characteristics that

illustrate the instructional behaviour the teachers in the experimental groups were trained in.

Consequently, it concerns three groups of characteristics; characteristics from the cognitive

apprenticeship model (e.g. modelling), characteristics from the direct instruction model (e.g.

guided practice) and characteristics on instructional behaviour that both groups of teachers

learned (e.g. attention for comprehension skills and metacognitive skills). When both conditions

showed a significant effect, separate models were built, one with general and CA-characteristics

and one with general and DI-characteristics. When one condition showed a significant effect,

one model was built with the characteristics that illustrate the concerning instructional model.
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4. Methodology

4.1 Introduction

This study concerns the question whether teachers can implement the cognitive

apprenticeship model and the direct instruction model in their regular lessons in reading

comprehension, after receiving a training and teaching materials. Secondly, the study focuses

on the effects of these two models on achievement, metacognition and attitude of pupils.

Chapter 3 described how the general cognitive apprenticeship model and direct instruction

model were translated into concrete teacher behaviours during lessons in reading

comprehension. This chapter also described that achievement, metacognition and attitude are

studied within the context of reading comprehension. Figure 4.1 shows how the research

model presented in chapter 2 is elaborated.

Figure 4.1 Research model

Teachers Pupils

The first two research questions concern the left part of the figure, i.e. the teacher level:

1. Do teacher training and teaching materials result in the implementation of characteristics

of the direct instruction model in regular lessons in reading comprehension?

2. Do teacher training and teaching materials result in the implementation of characteristics

of the cognitive apprenticeship model in regular lessons in reading comprehension?

cognitive apprenticeship
activating prior knowledge/
problem solving
modelling
co-operative learning
articulation and reflection
applicability
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content prior lessons
presentation new skills
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independent seatwork
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