Chapter 17

Metacognitive Knowledge in Secondary School
Students: Assessment, Structure,

and Developmental Change

Wolfgang Schneider, Klaus Lingel, Cordula Artelt, and Nora Neuenhaus

Abstract The construct of metacognitive knowledge—that is knowledge on cogni-
tive processes, was established as a determinant of cognitive development in the
1970s. Early research focused on the domain of memory development in pre- and
primary school children. While research activities on metacognition have diversi-
fied over time, some core issues in the assessment, structure, and development of
metacognitive knowledge still remain unresolved:

(1) How can metacognitive knowledge be assessed? (2) How does metacognitive
knowledge develop in secondary school? (3) Is metacognitive knowledge domain-
specific or domain-general? (4) To what extent are developmental changes in meta-
cognitive knowledge and achievement interrelated?

We addressed these research questions within our longitudinal research project
on the development of knowledge components. Our database included 928 German
students who were tested on six measurement points (from Grades 5 to 9). The
focus of the longitudinal study was on the assessment of metacognitive knowledge,
as well as achievement in mathematics, reading comprehension, English as a for-
eign language, and the changes in these variables over time. In this chapter, the main
results on these four research questions are presented, after a brief description of the
historical research background. The results of the last assessment period are given
special emphasis.
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17.1 Theoretical Background

Research on metacognitive development was initiated in the early 1970s by Ann
Brown, John Flavell, and their colleagues (for reviews, see Brown et al. 1983;
Flavell et al. 2002). At the very beginning, this research focused on knowledge
about memory, which was coined “metamemory” by Flavell (1971). Later on, the
concept was also applied to studies investigating children’s comprehension, com-
munication, and problem-solving skills (Flavell 2000; Schneider and Pressley
1997). The term “metacognition” has usually been defined broadly as “any knowl-
edge or cognitive activity that takes as its object, or regulates, any aspect of any
cognitive enterprise” (Flavell et al. 2002, p. 150). According to this conceptualiza-
tion, metacognition refers to people’s knowledge about their own information-
processing skills, the nature of cognitive tasks, and strategies for coping with such
tasks. Moreover, it also includes executive skills related to the monitoring and self-
regulation of one’s own cognitive activities.

Most recent models of metacognition differentiate between declarative and pro-
cedural components of metacognition. This basic distinction, already apparent in
Flavell and Wellman’s (1977) taxonomy of metamemory, seems widely accepted in
the developmental and educational literature (cf. Alexander et al. 1995; Kuhn 2000;
Schneider 2010; Veenman et al. 2006). Nonetheless, it has also been argued that
these two aspects of metacognition complicate its definition (see Joyner and Kurtz-
Costes 1997). That is to say, while the two components are closely related, they are
also fundamentally different in nature. Whereas the declarative knowledge compo-
nent is primarily verbalizable, stable, and late-developing, the procedural knowl-
edge component is not necessarily verbalizable, is rather unstable, relatively
age-independent, and dependent on the specific task or situation. Thus, although
there are substantial relations between the procedural (actual regulation) and declar-
ative aspects (knowledge base) of metacognition, both from an analytical point of
view and on the basis of research findings on the development of these components,
it seems worthwhile to distinguish between the two (see also Hacker et al. 2009;
Schneider 2015; Schneider and Artelt 2010; Schraw and Moshman 1995).

In our research project, the focus was on the exploration of (declarative) meta-
cognitive strategy knowledge. As to the differentiation between components of
declarative metacognitive knowledge, Paris and Byrnes (1989, see also Brown
1978) distinguished between declarative strategy knowledge (“knowing that”), pro-
cedural strategy knowledge (‘“knowing how”), and conditional strategy knowledge
(“knowing when”). All three knowledge components are necessary, in order to
apply strategies effectively. Taking into account Borkowski’s metamemory model
(Borkowski et al. 1988), it also seems worthwhile to look at students’ knowledge
about the usefulness of a certain strategy in relation to other strategies: that is, their
relational strategy knowledge. Relational strategy knowledge is particularly impor-
tant when individuals have a repertoire of strategies at their disposal and have to
decide which is most adequate. Aspects of conditional and relational strategy
knowledge were considered to be central components of the metacognitive knowl-



17 Metacognitive Knowledge in Secondary School Students... 287

edge measure used in our research project, EWIKO (Entwicklung metakognitiven
Wissens und bereichsspezifischen Vorwissens bei Schiilern der Sekundarstufe:
development of metacognitive knowledge and domain-specific knowledge in sec-
ondary school students; see details below).

There is general agreement that, in the early stages of knowledge acquisition,
specific aspects of declarative and procedural metacognitive knowledge influence
performance across tasks and settings, and that the likelihood of transfer from one
setting to another is quite low. A wealth of evidence for the domain specificity of
metacognitive acquisition processes has led to the conclusion that metacognitive
skills must be taught in context (Jacobs and Paris 1987). Furthermore, it is believed
that repeated application and practice of metacognitive strategies enables learners to
apply these strategies in diverse settings and domains in later stages of development.
Metacognition and self-regulated learning thus are often considered domain-general
constructs that transfer or generalize across domains.

A question repeatedly discussed in the relevant literature concerns the extent to
which metacognitive knowledge is domain-specific. That is, does it vary within the
same person as a function of the domain under investigation, such as reading, math-
ematics, or foreign language learning? Is there empirical evidence that it tends to
become more general—that is, comparable for the same person across different
domains, with increasing age? The development of metacognitive knowledge has
often been proposed to be context-dependent and domain-specific at an early stage,
and assumed to generalize throughout elementary school (e.g., Schneider 2008).

Given that there is not much empirical evidence on this issue for secondary
school students, this research question was of particular interest in the present study.
It was assumed that students at the beginning of secondary school (fifth graders in
the German school system) are at an early stage of generalizing domain knowledge
in reading, mathematics, or foreign language learning, which makes it likely that
metacognitive knowledge can be identified as domain-specific during this early
period of secondary school. Given that metacognitive knowledge develops not only
within particular subject domains but also during regular school-based activities
such as homework, exam preparation, etc., we assumed that the impact of domain
transcending general metacognitive knowledge should increase over time. The
expectation was that interrelations among the three domain-specific knowledge
components should increase over time, thus indicating the increasing importance of
domain-general knowledge.

Another important issue is how to characterize the development of declarative
metacognitive knowledge and its relationship to memory behavior and (academic)
performance. On the one hand, the empirical evidence suggests that declarative
metacognitive knowledge increases substantially over the elementary school years.
From early adolescence on, it is relatively stable, in the sense that individual
differences do not change much over time. On the other hand, the procedural com-
ponent of metacognition seems more “situated” and thus more unstable, since the
actual regulation of learning depends on the learners’ familiarity with the task, as
well as on their motivation and emotions. Individuals need to regulate their thoughts
about which strategy they are using and adjust its use to the situation in which it is
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being applied. Given that the selection and application of strategies during learning
depends not only on metacognitive knowledge but also on individual goals, stan-
dards, situational affordances, text difficulty, task demands, and so forth (Campione
and Armbruster 1985; see also Winne and Hadwin 1998), it cannot be assumed that
strategies will be applied whenever possible. However, an individual who uses a
particular strategy intelligently ought to have some metacognitive knowledge of that
strategy. In other words, there is a correlation between metacognitive knowledge
and the effective use of strategies, which should also affect memory performance.
Although metacognitive knowledge is assumed to be a necessary condition, it may
not be sufficient for reflective and strategic learning or for academic achievement,
because other factors such as 1Q, domain knowledge, and memory capacity (work-
ing memory) also play a role.

17.1.1 Methodological Issues Regarding the Assessment
of Declarative Metacognitive Knowledge

Before we deal with these issues in more detail, we briefly discuss a methodological
problem that has concerned developmental research on declarative metacognition
for quite a while, and which has to be solved before substantive issues can be tack-
led in a meaningful way.

Most evidence for the impact of declarative metacognitive knowledge on learning
and achievement is provided by studies using assessment procedures such as open
interviews, or concurrent measures such as observation and think-aloud analysis (see
Schneider and Pressley 1997, for a review). Standardized assessments (and espe-
cially paper-and-pencil instruments) that are also used to assess metacognition often
fail to provide empirical evidence for a positive correlation between (metacognitive)
learning strategies and achievement (Lind and Sandmann 2003; Muis et al. 2007).
According to Artelt (2000), potential explanations for such low correlations can be
described as follows: First, most of the classic inventories for assessing metacogni-
tion and strategy knowledge are constructed in such a manner that students have to
judge the frequency of their strategy use (e.g., Pintrich et al. 1993; Schraw and
Dennison 1994). Thus, these instruments draw primarily on students’ recognition of
strategies (i.e., their long-term memory) and not so much on their declarative meta-
cognitive knowledge (Leopold and Leutner 2002). Second, such frequency judg-
ments are not well suited for younger age groups, because they are cognitively
demanding and require high degrees of abstract thinking, as well as the ability to
objectively generalize over past behaviors—which in turn is likely to be influenced
by social desirability and memory bias (Schraw 2000). Third, the instruments are
incapable of assessing metacognitive knowledge independent of strategy usage.
From a theoretical perspective this is problematic, because a potential gap between
competence and performance might distort the metacognitive knowledge pupils pos-
sess when it is assessed through frequency judgments of strategy usage. Consequently,
the quality of metacognitive knowledge remains subject to speculation.
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To avoid such problems, more sophisticated measures of metacognition have to
be used with older children and adolescents. Schlagmiiller and Schneider (2007)
came up with a standardized measure of metacognitive knowledge on reading that
was based on a revised test instrument developed for PISA 2000 (see Artelt et al.
2001). The same approach, and some of the material, was later used as part of the
international assessment in the PISA 2009 study (see Artelt et al. 2010). This instru-
ment taps adolescents’ knowledge of strategies that are relevant during reading and
for comprehension, as well as for recall of text information. For each of up to six
scenarios, students have to evaluate the quality and usefulness of five different strat-
egies available for reaching the intended learning or memory goal. The rank order
of strategies obtained for each scenario is then compared with an optimal rank order
provided by experts in the field of text processing. The correspondence between the
two rankings is expressed in a metacognition score, indicating the degree to which
students are aware of the best ways to store and remember text information.

We decided to develop similar measures of metacognitive knowledge for our
EWIKO study by asking students explicitly to judge the appropriateness and (rela-
tive to other strategies) the quality of specific strategies for a given learning situation
(Artelt et al. 2009). Within the assessment of metacognitive knowledge, we thus
concentrate on students’ correct, veridical knowledge, implying that high scores on
the knowledge measure do, in fact, indicate that an individual possesses adequate
strategy knowledge.

17.1.2 Design of the EWIKO Study

Our initial sample consisted of 928 German fifth graders (450 female, 478 male)
from 44 classrooms representing three different educational tracks (271 high, 377
intermediate, and 280 low)' who voluntarily participated in a class-wise adminis-
tered paper-and-pencil assessment. There were six assessments during the course of
the longitudinal study, starting at the beginning of Grade 5 and ending in Grade 9.
The group-based tests took place in the classroom during schooling hours. At each
measurement point, testing time took about three school lessons (45 min. each)
replacing the regular class teaching for this period. During the 135 min test sessions,
each participant filled in domain-specific metacognitive knowledge tests, the
achievement tests, and additional scales assessing cognitive abilities and motiva-
tional variables (see below). All tests were administered by two research assistants
specially trained to instruct the participants and to lead them through the session.
The classroom teacher was also present to ensure discipline among students.

Fig. 17.1 gives an overview of the time schedule concerning the presentation of
metacognitive knowledge and achievement tests

'Tt should be noted that the elementary school period in the German school system finishes at the
end of Grade 4. From Grade 5 on, students are allocated to three educational tracks: high = aca-
demic, intermediate, and low = vocational, mainly based on achievement scores in primary school.
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T1 T2 T3 T4 T5 T6
Grade 5 Grade 5 Grade 6 Grade 7 Grade 8 Grade 9
2008 / November 2009 / July 2010 / March 2010 / November 2011/ July 2012 / November
'l L 1 1 'l L
] ] ] ] ] ]
Mathematics Mathematics Mathematics Mathematics Mathematics Mathematics
Reading English Reading English Reading Reading

English English

Fig. 17.1 Overview of the EWIKO design, showing how students were observed over a 4-year
period between Grades 5 and 9 (time intervals between the adjacent measurement points being 8
months in Grades 5, 6, and 7, and 16 months in Grade 8 and 9, respectively)

T = Measurement point. Measurements included metacognitive knowledge and achievement in the
corresponding domains

It should be noted that organizational problems caused us to expand the test
intervals between TS and T6. As expected, not all of the initial 928 students stayed
with the longitudinal study. Missing data were generated for different reasons, for
instance, due to student mobility (change of school), illness on the day of testing,
and other reasons. Missing data rates varied between 38 % and 10 % (measurement
points 6 and 2, respectively). Only 39 % of the students participated at all six mea-
surement points. Post-hoc analyses revealed that the drop-out observed over the
course of the project was systematic, indicating that more students with lower scores
in achievement tests left the study (Lingel 2014; Lingel et al. 2014b). Thus, a miss-
ing pattern completely at random cannot be assumed (Little and Rubin 2002). To
avoid biases in the results, we used regression-based strategies to impute the miss-
ing data (Neuenhaus 2011; Artelt et al. 2012; Lingel et al. 2014b).

17.1.3 Test Instruments

Assessment of Metacognitive Knowledge Due to organizational constraints, not
all test instruments were applied at any given measurement occasion. Metacognitive
knowledge in math was assessed at all six measurement points: that is, at intervals
of about 8 months (T1-T5) and 16 months (T5-T6). Metacognitive knowledge in
reading was assessed at intervals of 16 months from Grade 5 to Grade 9: that is, at
T1, T3, TS5, und T6. Metacognitive knowledge in English as a foreign language
(EFL) was assessed at intervals of 8 months on four measurement occasions, from
the beginning of Grade 5 until the beginning of Grade 7 (T1-T4).

The metacognitive knowledge tests were constructed to assess conditional and
relational metacognitive knowledge in a situated way. The domain-specific tests
were constructed to assess the metacognitive knowledge (MK) required for learning
and achievement in the respective domains of mathematics, reading, and EFL
(MK-mathematics; MK-reading; MK-EFL), in such a way that they provided
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Scenario: “You have to understand and memorize a text. Give a grade to each of the following stra-
tegies. Better strategies should be given better grades. If you think that two or more strategies are of
equal value, the same grades should be given to all of these strategies.”

Grade
112|13|4]|5]|6

| concentrate on the parts of the text that are easy to understand.

| quickly read through the text twice.

After reading the text, | discuss its content with other people.

| underline important parts of the text.

m|Oo|lO|®|>

| summarize the text in my own words.

Fig. 17.2 Example of a metacognition scenario in the domain of reading
Note. The grade scale of the German school system used was 1 = best grade, 6 = worst grade

domain-typical learning situations in combination with a list of strategies of varying
appropriateness (for a more detailed description of construction principles and
examples of metacognitive tests tapping reading and mathematics see Artelt et al.
2010; Lingel et al. 2014b; Schlagmiiller and Schneider 2007).

Scenario-based testing procedures were developed according to the principles
used with the Index of Reading Awareness (“IRA”, Jacobs and Paris 1987).

In all tests, the students had to judge the relative effectiveness of strategies in a
given situation (scenario) and in relation to other strategies. For an example con-
cerning metacognitive knowledge related to reading, see Fig. 17.2. Scenarios in
EFL concerned, among others, strategies related to vocabulary learning, and those
for mathematics dealt, for example, with problem-solving activities in the context of
a difficult math task (see also Artelt et al. 2009; Artelt and Schneider 2015).

Each test consisted of five tasks, beginning with a description of a typical learn-
ing scenario and followed by a list of efficient and less efficient strategies. Students
had to judge the appropriateness of the strategies with respect to the scenario and in
relation to the other strategies. An expert survey was conducted in all domains to
ensure content validity of the tests and to provide an objective criterion for the effi-
ciency of strategies (Neuenhaus 2011; Lingel 2014). In a pilot study, 311 students
answered the test for reading, 361 students worked on the test for EFL, and 393
students worked on the metacognitive test concerning math. The main purpose was
to evaluate the age appropriateness and reliability of the metacognitive knowledge
tests (Lingel et al. 2010). Overall, the measures were found to be of sufficient reli-
ability and validity, with reliability scores ranging from o = .69 (MK-EFL, T1) to o
= .85 (MK-mathematics, T4 and T6) and a median o = .83. The test assessing meta-
cognitive knowledge in mathematics constructed for Grades 5 und 6 has been pub-
lished recently (MAESTRA 5-6+; Mathematisches Strategiewissen fiir 5. und 6.
Klassen; mathematical strategy knowledge for Grades 5 and 6; Lingel et al. 2014a).
It should be noted that different test versions were used at different occasions, using
anchor-procedures founded on Item Response Theory to establish common scales
for the various tests (Embretson and Reise 2000; for more details see Lingel 2014).
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The number of anchor items between tests on adjacent measurement occasions
ranged between 69 and 100 %.

Achievement To assess achievement in the domains of mathematics, reading, and
English as a foreign language (EFL), tests were developed in accordance with the
current curricula for Grades 5-8, and were piloted to ensure appropriateness for the
given sample. To assess reading comprehension, a multiple-choice reading test was
used that was developed for the longitudinal assessments within the BiKS project
(e.g., Pfost et al. 2013). The test comprised three different texts at each measure-
ment occasion. The texts contained between 225 and 552 words each and were
accompanied by 7-12 multiple-choice items. Within 20 min, 28 items were admin-
istered in Grade 5 (T1) and 30 items in Grade 9 (T6). To ensure measurement of
change in reading achievement across time, the items on both measurement occa-
sions were vertically scaled using a unidimensional Rasch model based on anchor
items that were applied repeatedly (see Embretson and Reise 2000). The internal
consistency of the reading test was o =.75 in Grade 5. The corresponding scores for
reading in Grade 9 averaged around o = .82.

Achievement in EFL was assessed using a self-developed English version of a
stumble-word speed test. The test consisted of 35 sentences. Each sentence builds
one item in such a way that it contains a word that doesn’t belong there. Under time
restrictions, students were asked to correct as many sentences as possible. In Grade
5 (T1) they were given 3 min to cross out the stumble words in all 35 sentences. In
Grade 7 (T4) they were given 2 min to cross out the stumble words. The amount of
correct responses per minute was used as an indicator of achievement in this domain.
The test reliability was r, = .82 in Grade 5 and r, = .91 in Grade 7.

Achievement in mathematics was assessed using tests that primarily covered stu-
dents’ competencies in arithmetic and algebra. Precautions were taken to ensure
that the content areas were represented in the curricula of all educational tracks. The
tests were successively adapted to the increasing achievement level of the sample.
Moreover, items of subsequent tests were vertically scaled using Rasch modeling
based on anchor items, to allow for measurement of change. Again, anchor-item
linking founded on Item Response Theory was used to establish common scales for
the various tests. The tests comprised 30-33 items and proved generally reliable and
valid. The internal consistencies (alphas) were .83, .85, and .90 for Grades 5 (T1), 7
(T4), and 9 (T6), respectively.

In addition to the assessment of metacognitive knowledge and achievement in
the three domains, several cognitive and non-cognitive variables were considered in
the longitudinal study, with the goal of further explaining individual differences in
developmental trends.

Cognitive Abilities The age-group appropriate subscales “verbal” and “non-verbal
analogies” of the “Kognitiver Fihigkeitstest fiir 4. bis 12. Klassen (KFT 4-12+R)”
(test of cognitive ability) developed by Heller and Perleth (2000) were chosen as
indicators of general cognitive abilities. These measures of fluid intelligence were
provided at the first measurement point. Moreover, a traditional memory span task
(forward and backward) was presented to assess students’ basic memory capacity.
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Motivational Variables Students’ self-concept in the domains of reading, mathe-
matics, and EFL, as well as their interest in these domains, was assessed by using
brief scales. Similarly, students’ learning goal orientation, as well as their perfor-
mance goal orientation, was assessed with a brief (4-item) scale.

Finally, to consider the impact of socio-economic status, parents’ occupational
status was also assessed.

17.2  Overview of Major Results

17.2.1 Development of Metacognitive Knowledge: Sources
of Interindividual Differences

As noted above, several studies on various aspects of cognitive development also
observed metacognitive knowledge development as a by-product (Schneider and
Lockl 2008). However, studies with a focus on the development of metacognition
and that used comprehensive approaches to explain interindividual differences in
this development, and to explore their potential causes, are still very scarce.

Overall, the longitudinal EWIKO findings show a substantial growth in different
kinds of metacognitive knowledge over the observed period (Neuenhaus 2011;
Artelt et al. 2012; Lingel 2014). The respective means and standard deviations are
given in Table 17.1. Growth rates observed within the first 24 months of secondary
school (T1-T4) ranged between d = 0.51 (EFL) and d = 0.72 (mathematics; see
Artelt et al. 2012; Lingel 2014). During the 16-month period between T1 and T3,
metacognitive knowledge in the domain of reading increased substantially and with
roughly comparable speed (d = 0.37). This development did not last long, however.
In the last 16 months of the study (T5-T6), growth rates decreased in general, rang-
ing between d = 0.10 (mathematics) and d = 0.12 (reading).

A well-known source of interindividual differences is school track. The alloca-
tion of students to school tracks creates differential learning environments, and is
often found to result in differential developmental processes in cognitive character-
istics (e.g., Becker et al. 2012). In fact, the differences in metacognitive knowledge
observed among the three school tracks, both at the beginning and at the end of
secondary school, were substantial (cf. Artelt et al. 2012; Lingel 2014; Lingel et al.
2010; Neuenhaus et al. 2013).

As indicated by the effect sizes for metacognitive knowledge in the domains of
mathematics, reading, and EFL in Table 17.2, developmental changes differ as a
function of school track and domain. That is, for the domain of mathematics, the
differences between the high and intermediate tracks increased over time, whereas
the differences between the intermediate and low tracks decreased. Overall, the
findings thus indicate that developmental changes in the intermediate track were
less pronounced than in the high and low tracks. For the domain of reading, how-
ever, the differences between the three tracks remained more or less constant over
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Table 17.1 Means (M) and standard deviations (SD) of metacognitive knowledge in the overall
sample and as a function of school track

Tl T4 T6
M SD M SD M SD
MK-mathematics All 100.0 10.00 |107.21 11.51 |109.64 | 10.81
High 103.95 |9.58 112.69 |11.46 | 115.16 |11.65
Interm. 100.96 | 954 107.14 1044 1109.03 |9.06
Low 94.89 8.80 101.99 1041 |105.11 |9.70
MK-reading All 100.00 | 10.00 |n.a. n.a. 10599 | 12.60
High 104.32 1993 n.a. n.a. 110.61 13.73
Interm. 100.50 1 9.05 n.a. n.a. 106.68 11.04
Low 95.16 9.15 n.a. n.a. 100.59 | 11.33
MK-EFL All 100.00 10.00 |105.13 11.84 |n.a. n. a.
High 103.30 1 9.64 110.87 | 11.94 |n.a. n. a.
Interm. 100.97 9.21 105.99 10.65 |n.a. n. a.
Low 95.50 9.75 98.41 9.78 n. a. n. a.

Table 17.2 Differences between school tracks as effect sizes (d) for measurement points 1, 4, and 6

T1 T4 T6

High vs. Interm. High vs. Interm. High vs. Interm. vs.

interm. vs. low interm. vs. low interm. low
MK-mathematics | d=0.30 d=0.61 d=0.48 d=0.45 d=0.57 d=0.36
MK-reading d=0.38 d=0.53 n.a. n.a. d=0.37 d=0.48
MK-EFL d=0.23 d=0.55 d=0.41 d=0.64 n.a. n.a.

T1 = Measurement Point 1; 74 = Measurement Point 4; 76 = Measurement Point 6; MK = meta-
cognitive knowledge; all = whole sample; high = academic track; interm. = intermediate track; low
= low track; n.a. = test not administered

time, thus indicating that developmental change rates in this domain are not associ-
ated with track or achievement level. In the domain of EFL, however, the differ-
ences between all three tracks increased in the observed period of time. Thus, the
initial differences seemed to accumulate over time. It should be noted that the same
instruments were used to assess developmental changes in English over time,
whereas in the case of mathematics and reading, items of subsequent tests were
vertically scaled using Rasch modeling based on anchor items, to allow for assess-
ment of change (see above).

Somehow similar results were found for students’ gender. At the beginning of the
observational period (T1), only slight differences were found in favor of girls (d =
0.06 for the domains of mathematics and EFL; d = 0.17 for the reading domain).
During the course of secondary school, these differences increased, regardless of
domain (T4: d = 0.38 for the domain of EFL, d = 0.29 for the mathematics domain,
and d = 0.50 for the domain of reading at T6). These findings indicate that girls
acquire more metacognitive knowledge than boys during the first years of second-
ary school, particularly in language-related domains.
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More fine-grained analyses for the domain of mathematics showed that the
effects of tracking and gender persisted after controlling for cognitive characteris-
tics such as intelligence, working memory capacity, and for motivational character-
istics such as academic self-concept and interest, as well as for socio-economic
background (Lingel 2014).

The EWIKO design also permitted an examination of the influence of student-
level characteristics on metacognitive knowledge growth. Lingel (2014) used cogni-
tive, motivational, and socio-economic characteristics to predict interindividual
differences at the beginning of Grade 5 and in intraindividual changes over time.
Among the cognitive variables, fluid intelligence predicted interindividual differ-
ences in metacognitive knowledge at the beginning and during the course of second-
ary school. Motivational characteristics such as interest and self-concept, however,
did not influence intraindividual development in metacognitive knowledge. In con-
trast, students’ socio-economic background showed a stable influence on the devel-
opmental pattern, in the sense that higher socio-economic status (SES) was related
to a more positive developmental level.

An interesting and somewhat unexpected finding was that metacognitive knowl-
edge development was found to be more pronounced for female students, regardless
of domain. In reading, gender differences at the first measurement point were
already significant (see Neuenhaus et al. 2016). In comparison, there were no initial
differences between girls and boys for EFL, which may be due to the fact that EFL
was a novel domain for all students. There were also no gender differences in initial
metacognitive knowledge concerning mathematics (Lingel 2014). Interestingly,
girls acquired metacognitive knowledge at a faster rate in all three domains of inter-
est during the following measurement points. However, the gender differences iden-
tified for metacognitive knowledge were not always accompanied by corresponding
differences in achievement. For instance, whereas girls in the EWIKO study in gen-
eral outperformed boys in the domains of reading and EFL, showing significantly
better performance on the achievement tests, a discrepancy was found in the domain
of mathematics: Here, girls—as compared to boys—showed a higher level of meta-
cognitive knowledge but performed more poorly on the mathematics achievement
tests (cf. Lingel 2014).

17.2.2 Domain-Specificity—A Transitional Period
of Metacognitive Development?

As noted above, metacognitive knowledge has often been proposed to be context-
dependent and domain-specific during an early stage of development, whereas is it
supposed to generalize throughout primary school. Such a transition was particu-
larly proposed by the Good Strategy User model (Pressley et al. 1989) which
assumes a task-specific acquisition of knowledge about a given strategy. The appli-
cation of the strategy generates declarative knowledge on the properties of the
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strategy as well as on differences and similarities with other strategies. An inductive
integration of task- and domain-specific strategy knowledge leads to a more and
more generalized metacognitive knowledge. Accordingly, a successive domain-
general structure of metacognitive knowledge should emerge.

To test the validity of this assumption, we compared the dimensional structure of
metacognitive knowledge at the beginning of secondary school (T1) with the dimen-
sional structure at the middle (T4) and also at the end of secondary school (T6).
More specifically, two comparisons concerned the dimensional structure of meta-
cognitive knowledge related to mathematics and reading (T1 and T6), whereas
another comparison focused on metacognitive knowledge related to mathematics
and EFL (T1 and T4). These analyses extend the research of Neuenhaus et al. (2011)
which focused on the first measurement point (T1).

First, metacognitive knowledge on mathematics and reading was analyzed by
comparing a unidimensional, domain-general structure with a two-dimensional,
domain-specific structure at the beginning of Grade 5. Neuenhaus et al. (2011)
found clear support for a domain-specific two-factor solution. A two-factor solution
with two separate factors describing metacognitive knowledge for mathematics and
reading, fitted the data better than a single-factor solution with a common factor (A
BIC = 696). Both factors were moderately correlated (r = .51). Further analyses
using the EWIKO data assessed at the end of secondary school (Grade 9, T6)
showed a comparable factor solution. Again, the two factor-solution fitted the data
better than the one-factor solution (A BIC = 585). Compared to the earlier findings,
both factors showed a slightly increased correlation of r = .58. These findings seem
to indicate that metacognitive knowledge in the domains of mathematics and read-
ing may integrate into a more general knowledge structure as a function of time.
However, the increase in correlations was not significant (p = .08).

Due to the specifics of the study design, it was impossible to carry out identical
longitudinal analyses for all three domains (see Fig. 17.1). To validate the above
finding in a second step, we included metacognitive knowledge in the domain of
EFL in the analyses, and compared two models of metacognitive knowledge in the
domains of mathematics and EFL as well as change in their dimensional structure
between measurement points 1 and 4 (Neuenhaus et al. 2016). At the beginning of
Grade 5 (T1), a two-dimensional model of metacognitive knowledge fitted the data
better than a one-dimensional, domain-general model (A BIC =399). Both resulting
factors were substantially correlated (r = .49). Two years later, at Grade 7 (T4), the
analyses again confirmed a two-dimensional structure (A BIC = 701). The slight
decrease in intercorrelations between factors (.49 at T1 versus .45 at T4) did not
prove to be significant. In any case, however, this finding does not support the
assumption that metacognitive knowledge tends to be more general with increasing
age.

One major conclusion from these findings is that metacognitive knowledge
shows a clear-cut domain-specific structure even at the end of secondary school.
Thus, the domain-specificity of metacognitive knowledge does not seem to be a
short-term, transitional state restricted to the early school period.
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17.2.3 Interrelations Between Metacognitive Knowledge
and Achievement

One final issue concerned the question whether the relationship between metacogni-
tive knowledge and achievement would change over time. To answer this question,
synchronous correlations between the metacognitive knowledge components and
achievement in the various domains were calculated. Overall, the correlational find-
ings indicate increases over time: In mathematics, synchronous correlations between
metacognitive knowledge and achievement increased from r = .31 (T1) to r = .42
(T6). The same pattern was observed in EFL and reading: correlations increased
from r = .22 (T1) to r = .29 (T4) in EFL, and from r = .29 (T1) to r = .39 (T6) in
reading.

Correlational analyses do not inform about cause-effect relationships. Lingel
et al. (2014b) aimed at assessing the effects of metacognitive knowledge on subse-
quent performance, and proved a predictive effect of metacognitive knowledge on
mathematics achievement. In this study, three common shortcomings of correla-
tional studies dealing with knowledge-performance relationships were considered:
(1) predictor and criterion were chronologically ordered, (2) prior knowledge, as the
most prominent predictor of achievement was ruled out by being included in the
prediction equation, and (3) confounding variables such as intelligence, motivation,
and socio-economic status were controlled for. Under these restrictive conditions,
metacognitive knowledge explained about 1 % of mathematics achievement change.
That is, a rather small but still unique contribution of metacognitive knowledge to
the development of achievement is documented. Although one may ask whether the
comparably small contribution of metacognitive knowledge to the explanation of
changes in mathematics development is practically important, one should note that
estimates of unique contributions typically underestimate the true effect, and that
metacognition still explained variance in achievement changes after the impact of
several other important factors had been controlled.

The nature of the relation of metacognitive knowledge and achievement is con-
ceived as bi-directional. Artelt et al. (2012) and Neuenhaus (2011) confirmed this
theoretical assumption for reading, as well as for EFL. Using cross-lagged models,
metacognitive knowledge (T1) predicted achievement in the respective domain (T3)
substantially: 3 = .42 for reading, 3 = .56 for EFL. Moreover, metacognitive knowl-
edge in both domains showed a moderate to low stability (5 = .36 for reading and f3
= .28 for EFL). When controlling for these autoregressive effects, the cross-lagged
effects of metacognitive knowledge on achievement remained significant (3 = .13
for reading and 3 = .17 for EFL) as did the effects of achievement on metacognitive
knowledge (8 = .17 for reading and 8 = .18 for EFL). These findings support the
assumption of a bi-directional developmental process.
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17.3 Discussion

Taken together, the findings of the EWIKO study summarized above indicate that
metacognitive knowledge develops substantially during the course of secondary
school. The growth processes in mathematics and reading assessed between Grades
5 and 9 were found to be negatively accelerated, indicating that more metacognitive
knowledge is acquired at the beginning of secondary school than thereafter. The
initial level of metacognitive knowledge already varied as a function of school track,
with students from the higher track showing higher levels of metacognitive knowl-
edge. Whereas the overall developmental trend in observed metacognitive knowl-
edge was similar across domains, the differences between the tracks seem to be
domain-specific. That is, these differences seemed to be stable and invariant in the
domain of reading, to increase in the domain of English as a foreign language, and
to be inconsistent (i.e., partly growing and partly shrinking) in the domain of
mathematics.

Our results indicate that most assumptions regarding the developmental and dif-
ferential trajectories for educational track and gender were confirmed. Significant
differences in metacognitive knowledge by the beginning of secondary education
are likely to be due to individual difference variables such as domain knowledge,
cognitive ability, and motivation, given that all students shared the same learning
environment until then. With the allocation of students into three educational tracks
by the beginning of Grade 5, differences in learning standards, class composition
features, and instructional practices become increasingly important. Such differ-
ences seem to affect the development of metacognitive knowledge, regardless of
domain.

Our findings regarding gender differences in metacognitive knowledge and
achievement are generally interesting. Gender differences at the entrance level of
secondary school were significant only for reading and not for the two other
domains. The homogeneous base level of metacognitive knowledge in EFL. may
point to the importance of domain-specific experience for the development of meta-
cognitive knowledge. As noted above, EFL is a novel domain for students at the
beginning of Grade 5, while they are well familiar with the domain of reading, in
which significant base-level advantages in metacognitive knowledge for girls were
found. But how to explain the non-significant differences in entrance levels of
metacognitive knowledge for the domain of mathematics? Given that boys outper-
formed girls on the achievement level, this finding points to a specific advantage of
girls on the knowledge component that does not however materialize in perfor-
mance. This assumption is also supported by the inspection of growth curves in
metacognitive knowledge. Over time, girls developed significantly more metacog-
nitive knowledge, regardless of the domain under consideration. Although the dif-
ference in metacognitive knowledge in favor of girls increased as a function of time,
this pattern was not paralleled by achievement gains in mathematics. The findings
for the domain of mathematics seem special, supporting the pattern of findings
reported by Carr and Jessup (1997) for elementary school students. Clearly more
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research is needed to explain the gender-related metacognition-performance disso-
ciation in the domain of mathematics.

Our study also contributes to the discussion about the domain-specificity of meta-
cognitive knowledge. Throughout the developmental period under investigation, we
found little evidence for the assumption of the increasingly general character of
metacognitive knowledge (Pressley et al. 1989): metacognitive knowledge does not
seem to generalize across domains, but it continues to show a strong domain-specific
structure at the end of secondary school. Thus, the domain-specificity of metacogni-
tive knowledge does not seem to be a short-term, transitional state restricted to the
early school period. However, it needs to be kept in mind that we used assessments
that focused on domain-typical strategies as indicators of knowledge in that domain,
and that the test for a tendency towards the more general nature of these knowledge
components was based only on tests of the dimensionality of these findings. There
may however be knowledge components that do in fact transfer or generalize, but
that are not yet tapped by our domain-specific assessments.

In sum, the findings of the EWIKO study replicate well-established findings in
the literature, but also provide new insights, in that several domains were considered
simultaneously. In accord with the existing literature, it could be shown that meta-
cognitive knowledge is an important predictor of achievement in secondary school
students. There was also evidence for a bi-directional relationship between meta-
cognitive and cognitive development (Flavell and Wellman 1977). Here, the assump-
tion is that the use of cognitive strategies improves the quality of metacognitive
knowledge, and that improvement in metacognitive knowledge leads to a more
sophisticated use of problem-solving strategies. Although the present research
clearly indicates the importance of declarative (verbalizable) metacognitive knowl-
edge for the development of performance in various domains, the design of the
EWIKO study did not include aspects of procedural metacognitive knowledge: that
is, the impact of monitoring and self-regulation skills that theoretically should facil-
itate this developmental process (Pressley et al. 1989). Thus, further research should
focus on more fine-grained analyses exploring the interchange between declarative
and procedural metacognitive knowledge in improving performance levels in differ-
ent achievement domains.
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