
 
 

 
 

The META-method: an experimental evaluation 
of a three-sided didactical approach 

to reinforce metacognition 
among secondary school students 

 
 

Rodica Ernst, Joris Ghysels and Plonie Nijhof 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
TIER WORKING PAPER SERIES 

TIER WP 17/11 
 

                                           



The META-method: an experimental evaluation of a three-sided 
didactical approach to reinforce metacognition among secondary 
school students 

Rodica Ernsta, Joris Ghyselsc and Plonie Nijhofb 

 

a Udens College: r.ernst@udenscollege.nl 
b Hermann Wesselink College: nyh@hermannwesselinkcollege.nl 

c Maastricht University (TIER): joris.ghysels@maastrichtuniversity.nl,  

 

Abstract 

To stimulate learning, both cognitive and metacognitive strategies are believed to be effective. This 
contribution reports on the experimental evaluation of an approach to develop metacognitive skills 
among students in secondary school. In the experiment 653 students of two schools and three age 
levels (14-15-16) participated. They experienced in their math and economics classes the three 
aspects of the META-method: metacognitive charts, mindmapping and exchanging opinions on 
metacognitive theory. The method intends to stimulate stepwise metacognitive thinking, by letting 
students develop mindmaps and metacognitive charts in class. The attention given to metacognitive 
theory is meant to foster this learning process supplying the students with scientific insights on brain 
functioning and learning. 

The experiment shows promising results, clearly improving the self-reported metacognitive practice 
and skills like self-regulation, elaboration and critical thinking among the intervention students. Yet, 
regarding the cognitive outcomes (math tests), it reveals statistically significant effects only for 
students in the second quartile, i.e. students who –in the pretest- performed below average, but not 
dramatically so. For other students the method does not improve, neither harm the learning 
outcomes. This result is more modest than earlier, small-scale experiments, which may stem from 
incomplete adoption of the method by teachers, who report to need more time to incorporate the 
method in their teaching practice. Future longer term research will be able to confront this issue.  
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1 Introduction 
 

This article reports on the effectiveness of a didactical approach to enhance the metacognitive skills 
of students in secondary school. Over the course of three years, we developed and tested a teaching 
method (META-method) that makes metacognitive questioning explicit during regular instruction in 
class. Here we focus on the third year of development and testing, which enabled us to evaluate our 
method on a fairly large sample of students (about 650) and forced us to develop a training method 
for teachers. 

The research project originated from the observation in teaching practice that students often lack 
structure when they are asked to apply theoretical concepts in exercises or larger assignments. This 
happens even though they are given general courses about learning skills and despite the instruction 
of solution strategies in class. As a response to this problem, we aim at developing self-regulated 
learning strategies, metacognitive skills that enable students to learn with an overview, to manage 
their learning process actively.  

In the following section, we will elaborate on the theoretical underpinning of our approach and build 
on earlier didactical developments like the IMPROVE-method. In section 3 we discuss our research 
methodology and the design of the evaluation experiment, which tests for the effectiveness of our 
method regarding metacognitive and cognitive outcomes. Subsequently, section 4 presents the 
results. It highlights the general progress in various metacognitive skills and more heterogeneous 
effects when looking at cognitive outcomes (subject test results). We conclude the article with a 
discussion regarding the adoption of the META-method by new teachers and in subjects other than 
mathematics. 

 

2 Intervention: principles and practice 
The intervention reported about in this contribution (META-method) was inspired by the IMPROVE-
method developed by Mevarech and Kramaski (1997), who define the acronym as a shorthand for 
“Introducing new concepts, meta-cognitive questioning, practicing, reviewing and reducing 
difficulties, obtaining mastery, verification and enrichment”. The method combines various didactical 
strategies: metacognitive questioning, cooperative learning and “mastery learning” (Bloom,1968). Its 
effectiveness was tested in a number of experiments in Israeli education, which all showed positively 
significant effects on the (math) learning outcomes of the students (Kramarski & Mizrachi, 2006; 
Kramarski & Mevarech, 2003; Mevarech & Fridkin, 2006). In its combination of strategies, the 
IMPROVE-method is not unique. In fact, a meta-analysis regarding the instruction of learning 
strategies by De Boer, Donker-Bergstra and Kostons (2013) highlights that effective interventions 
most often consist of a combination of (meta)cognitive strategies. 

For the theoretical underpinning of their method, Mevarech and Kramarski refer to Pólya (1957) and 
Schoenfeld (1985). Pólya distinguished various specific stages in the process of problem solving and 
Schoenfeld showed that learning outcomes improve when students ask themselves metacognitive 
questions while solving problems. 

The IMPROVE method specifically addresses four commonly distinguished metacognitive skills: 
orientation, planning, monitoring and evaluation. While working on exercises, students are 
stimulated to ask metacognitive questions and reply to the latter, which trains them to reflect (ask 
questions) and organise the solution process. To this explicit question and answer process, Mevarech 
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and Kramarski added the didactical approaches of cooperative learning and “mastery learning”, 
including repetition and enrichment. 

The META-method focusses on the process of problem solving and offers students a graphic 
instrument (META-card) that structures the process in four stages (understanding, linking, strategy 
selection, looking back, cfr. Pólya). On the card, each of the stages is named generically, but also 
topic specific questions are given. This helps students to link general metacognitive questions to the 
specific problem at hand and follows the model of domain specific and strategic knowledge (Pol, 
Harskamp, Suhre & Goedhart,2009; Boekaerts & Simons, 2003) which advocates for a link between 
both.  

Graphically, the META-card shows a large triangle divided into four small triangles (see Figure 1). 
Each of the small triangles represents a stage in the solution process and contains both the generic 
title and topic specific questions. Outside of the large triangle arrows connect the small triangles 
naming the metacognitive skills that are relevant to the stages. 

 

 

Figure 1 Example of a META-card 

By using the card, students are activated to think about problem solution in stages, are given 
questions to ask (especially when they would run out of inspiration themselves), are stimulated to 
think about strategies and to monitor and evaluate the outcome. 
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In itself, the aspect of metacognitive questioning is less central to the META-method than to the 
IMPROVE-method. Rather than to make students ask questions, the teachers are making explicit 
which metacognitive questions they ask while solving a problem. This modelling strategy contrasts 
with common practice, which has teachers solve problems without explicitly naming the 
metacognitive questions they have in their mind while solving a problem. Moreover, the card goes 
beyond a “stepwise solution plan”, because it does not only offer topic specific strategies, but links 
these consistently to general solving strategies. By giving students the META-card, students are able 
to practice individually with metacognitive questioning, organizing the solution process. As such, the 
META-method provides a didactical approach to implement the reflection on the quality of cognitive 
strategy application advocated by Leopold and Leutner (2015). Students do not only learn how to 
solve a question in a stepwise fashion, but also reflect on the quality of execution and, more 
generically, on the relevance of their strategy choice. 

In the IMPROVE-method the questioning is a collaborative learning exercise, unlike in the META-
method. However, this does not mean that collaborative learning is absent altogether. In effect, 
students learn how to make mindmaps,(to support the stage of linking, when students are supposed 
to dig into prior knowledge) in small groups, exchanging their ideas to construct the mindmap.  

Furthermore, the META-method includes instruction on metacognitive knowledge and belief, to 
make students aware of their current learning strategies and beliefs (Veenman, 2006). This is done in 
an interactive way, using Kahoot surveys. It is important to note that the latter element was only 
introduced in the second part of the intervention period. In the first weeks of the intervention, 
students got to use the META-card and mindmapping, which as such enabled the teachers to discuss 
some of their metacognitive understanding and beliefs. In the second part of the period, the Kahoot 
surveys allowed for a deepening of these discussions. 

In total the intervention ran for 24 weeks, with the Kahoot surveys starting after 8 weeks. 
Participating teachers were invited to use the method at least once a week, but that does not 
necessarily mean that all three elements were used in every class every week. Mindmapping, for 
example, was often used when initiating a new topic (cfr. tapping into prior knowledge) or to prepare 
for the summative test which closes instruction on a particular topic. 

Summarizing, the META-methods consists of three elements: META-cards, mindmapping and 
metacognitive instruction. It makes metacognitive questions explicit, while linking strategic and topic 
specific knowledge.  

 

3 Research design 
In this section we first elaborate on the setup of the research project and subsequently go into the 
outcome measures that were used. 

3.1 Experimental setup 
An experiment was set up to evaluate the effectiveness of the META-method. To maximize the 
external validity of the results, students of two tracks of Dutch secondary education (HAVO, general 
secondary education, and VWO, pre-university education) and three age groups (classes 3 to 5, with 
typical ages 14 to 16) were included. As such the two cognitively most demanding tracks of Dutch 
secondary education were involved, excluding the vocationally oriented track which caters for about 
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half of the students.1 In total 653 students of two schools participated in the experiment, of which 
322 actually experienced the intervention. Furthermore, an effort was made to extend the 
experiment beyond math courses. As a result, the intervention was also tested for two types of 
economics courses (‘Economics’ and ‘Society and Firms‘, M&O for its acronym in Dutch). 

Because of the nature of the intervention (e.g. integration in regular teaching time in class, exchange 
in small groups of students), the assignment of the intervention and control groups happened at the 
class, rather than the individual level. Several measures were taken to identify the causal effect of 
the intervention despite this drawback. 

First, the classes were assigned to the intervention or control condition in a random, but stratified 
way to make sure that obvious differences between the classes were distributed evenly (track and 
year). Table 1 shows that all three class levels (years) are well represented and the distribution 
between the control and intervention condition is balanced in every of the three class levels. 
Furthermore, it was assured that the distribution was also balanced between the tracks, HAVO and 
VWO students, with 47% of student observations of VWO and the remaining 53% of HAVO. 

Table 1 Distribution of the research sample across classes and levels 

 Number of Classes Number of student observations 
 Control Intervention Control Intervention 
Class levels     
3 5 4 135 107 
4 7 7 166 163 
5 4 3 90 72 
Total 16 14 391 342 
N = 733 
Note: observations refer to students in a particular course. Some students 
participated for two courses (see text for further explanation). 

 

The reader may note that more than 653 observations appear in Table 1. This has to do with students 
participating in the project twice, once for math and once for economics. In total this applies to 80 
students, of which 20 experience the intervention twice and 23 never. This leaves 37 students who 
were once assigned to the experimental condition and another time to the control condition. This 
follows from the structure of Dutch education where students are allowed to choose subjects and 
may belong to different class groups depending on their subject choice. In 37 cases this led to a 
mixed experience, experiencing the experiment for one subject, while serving in the control group 
for another. We will return to this potential source of contamination when reporting on the results of 
the empirical analyses.  

A second way to support causal identification, is the assignment of the teachers involved in the 
project. In total 17 teachers were involved. Five acted purely as reference teachers, having classes in 
the control condition. Five others participated as pure intervention teachers, with all their classes in 
the intervention condition. The largest group (7), however, had mixed participation, with some of 
their classes in the intervention group and some not. The latter allows for the identification of the 
effect of the intervention separate from the teacher effect. Table 2 details the distribution across the 
various subjects involved in the experiment: math, economics and M&O (an introductory course on 

                                                           
1 Reference: in schoolyear 2015-2016 54% of students in the third year were in the vocationally oriented track, 
24% in the general secondary and 22% in pre-university education (register data). 
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the position of economics in society). It is immediately clear that the empirical basis for conclusions 
on the two latter subjects is limited (cfr. statistical power). Therefore, we will elaborate a detailed 
statistical evaluation exercise for math only and use the results on M&O and economics mainly to 
discuss the potential of the intervention for other subjects than math. 

 

Table 2 Distribution of the research sample over teachers and subjects 

 Number of teachers Number of  
 Intervention only Control only Both  Student observations 
Math 4 5 4 606 
M&O 1 1  63 
Economics  1 1 64 
N (student observations) = 733 
N (teachers) = 17 
Note: M&O refers to a course on the relation between enterprises (organizations) and 
society 

 

Despite the above discussed measures to reinforce the causal nature of the research project, we 
acknowledge that our research design is not guaranteed to be equivalent to a randomized controlled 
trial. To get an idea of the extent of potential confounding factors at the group level (class and 
teacher), we will use multilevel models and discuss the resulting intraclass correlation estimates 
(ICC). 

 

3.2 Outcome measures: cognition and metacognition 
As already discussed while explaining the nature of the intervention, the intervention aims at two 
complementary goals: the improvement of grades (cognitive outcomes) and the reinforcement of 
metacognition among students. 

Regarding cognition, outcome is measured with standardized school tests. In both schools, tests are 
developed at the class and track level, making them uniform across the intervention and control 
condition. Moreover, test results are statistically standardized to make them more comparable 
across the various classes and between the schools. By construction, the cognitive outcome 
measures thus have a mean value of 0 and a standard deviation of 1. 

Regarding metacognition, we mainly rely on a commonly used survey instrument, the MSLQ 
(“Motivated strategies for learning questionnaire”). This questionnaire was developed by Pintrich,  
Smith, et al. (1991) and has a validated translation in Dutch. It contains scales that reflect motivation 
and other scales to highlight a student’s learning strategies. Because of its general nature, it is not 
very specific regarding metacognitive skills. Therefore, we added 10 more items to the 
questionnaire.2 The latter tests metacognitive regulation skills put to practice by the student 
(orientation, planning, monitoring). We use an index of these items (which we call MCPO) as one of 
the outcome measures, apart from the original scales of the MSLQ. It has a reliability score of 0.72 
(Cronbach’s α), comparable with the other scales of the MSLQ and surpassing the conventional 
threshold of 0.70. 

                                                           
2 See Annex A1 for the exact phrasing of these items and our decision to index eight rather than ten items 
(excluding negatively formulated items). 
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The extended MSLQ has been administered twice to every student, at the start of the intervention 
period and after the finish of the intervention. The 20 students who were involved for more than one 
subject (see section 3.1), took the MSLQ for every subject separately. This calls for caution with the 
interpretation of this outcome indicator, because it may suffer from “repetition bias”. Yet, it should 
also be noted that almost 30 weeks passed between the two survey moments, which attenuates the 
likelihood of bias. 

3.3 The starting situation: equal in expectation 
Table 3 pictures the starting situation. For all the observed characteristics students in the control and 
the intervention group are fairly comparable, with none of the differences being statistically 
significant (at the 5% level). Thus, we assume that the stratified random assignment procedure has 
worked well and the assumption of equality of expectation is supported. This is most clearly the case 
for the subject mathematics. As stated earlier the results for Economics and M&O are given only for 
documentary purposes. In the results section, we will focus on math. In the discussion we will return 
to the potential for subjects other than math, exemplified here by Economics and M&O. 

Table 3 Student characteristics at the start 

 Control Intervention T-value 
 N Mean Mean N 
Sex of the student (girl = 1) 392 0.55 0.54 342 0.13 
CITO test score at the end of 
primary schoola 351 541 536 306 1.60 

Starting Grade Mathematicsb 328 6.21 6.32 278 -0.98 
Starting Grade Economics 42 6.43 6.47 21 -0.14 
Starting Grade M&O 20 4.94 5.65 43 -1.82 
MSLQ Extrinsic Goal 
Orientation 384 4.80 4.72 339 1.02 

MSLQ Test Anxiety 384 3.95 3.92 339 0.32 
MSLQ Metacognitive Self-
Regulation 384 4.28 4.34 339 -1.17 

Metacognitive practice 
(MCPO)c 383 4.21 4.23 339 -0.36 

Notes:  
Because of the descriptive value of it, this table shows the test values in their original form,  
before statistical standardization. 
Furthermore, the table is limited to 3 out of 16 scales of the MSLQ. None of the 16 have 
significant differences between the control and intervention group. The table stems from 
723 extended MSLQ-surveys (11 are missing). 
The value of the T-tests in the last column show that the differences between the 
intervention and control group is never statistically significant (p>0.05). 
 
a  General cognitive ability test focusing on math and language. 
b  Grade of tests at the end of the first teaching period of the schoolyear. 
c See Annex A1 for a detailed description of this scale. 
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4 Results regarding mathematics 
In this section we first go into the more direct results, i.e. regarding metacognition, and subsequently 
elaborate on learning outcomes (cognitive outcomes). 

4.1 Metacognitive outcomes 
Table 4 lists the results of the metacognitive outcomes in their order of statistical significance, 
limiting the view to those of the outcomes with a significance level of at least 10%  In line with the 
expectations, the intervention proves highly significant regarding the metacognitive practice of the 
students. The survey suggests that the students (declare to) apply what they have been trained for. 

However, the effect of the intervention does not stop there. It transpires into more general changes 
of metacognitive behavior and understanding, as revealed by the MSLQ-scales “self-regulation”, 
“elaboration”, “critical thinking” and “effort regulation” (at the 1 or 5% level). 

 

Table 4 T-tests of metacognitive outcomes 

Scale Control Intervention T-value 
 Std.dev. Mean Mean Std.dev.  
MCPO Metacognitive practice   .86 4.14 4.37   .80 3.38*** 
MCZ Metacognitive self-regulation   .71 4.18 4.34   .63 2.84*** 
E Elaboration   .95 3.90 4.08   .84 2.44** 
KD Critical thinking   .93 3.62 3.80   .86 2.44** 
RI Effort regulation 1.05 4.53 4.72 1.15 2.07** 
HV Asking for help   .94 4.37 4.52   .96 1.86* 
O Organizing, structuring 1.28 3.99 4.15 1.07 1.73* 
N 313 277  
Notes:  
This table focuses on the results of tests with a level of statistical significance of at least 
10%  In effect, all 16 scales of the MSLQ were tested, but only the scales shown in the table 
give statistical significance. 
***, **, * = statistical significance of 99, 95 and 90%. 

 

Table 5 adds a multivariate analysis and controls for the bias that may arise from the random 
selection of class groups rather than individual students (multilevel analysis). The table basically 
confirms the verdict of the t-tests, although the levels of significance of the intervention effect tend 
to be somewhat lower. Methodologically, it is comforting to see that the size of the intervention 
coefficients corresponds with the difference in the means between the groups (see Table 4), which 
supports the idea that the control and intervention groups have comparable characteristics. 
Moreover, the ICC values are low, indicating that the influence of the selection at the class level is 
limited.  

All in all, Table 4 and Table 5 suggest that the intervention has been effective in fostering 
metacognitive practice, increasing various aspects of it with medium standardized effect sizes 
(around .20, see bottom line of Table 5). 
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Table 5  Multivariate analysis of the metacognitive outcomes (multilevel for class grouping) 

Scale MCPO MCZ E KD RI HV O 
        
Constant 1.79*** 2.11*** 2.22*** 2.11*** 1.79*** 2.58*** 1.91*** 
Intervention .19** .12** .15* .19**   .18** .12 .13 
Udens College (versus 
HWC) 

.13 .08 .03 -.13*   .13 .03 .02 

Year 3 (reference)        
Year 4 -.09 -.16** -.05 -.08 -.10 -.19** -.04 
Year 5 .11 -.05 .15 -.15  -.08 -.22* .07 
Academic track (versus 
general track) 

-.00 -.01 -.09 -.08 .01 .10 .05 

Girl (versus boy) .13** .05 .04 -.12* .06 .15** .26*** 
Pretest  .54*** .49*** .44*** .48*** .55*** .40*** .47*** 
        
AIC 1245 1029 1387 1371 1540 1465 1666 
ICC 6% 0% 0% 0% 0% 0% 4% 
Standardized 
Effect sizea 

.22 .17 .16 .20 .17 n.a.b n.a. 

Notes: 
The table shows estimates and level of statistical significance.***, **, * >99, >95, >90% 
Estimation is based on a random intercept model grouping for every class or cluster 
N = 581   See Table 4 for the names of the scales 
a The effect size is the point estimate of the intervention in the multilevel analysis expressed as a 
fraction of the standard deviation of the outcome in the control group  
b No effect sizes are calculated because the intervention is not statistically significant 

 

4.2 Cognitive outcomes: math test results 
As discussed earlier (see 3.2), the cognitive outcomes are evaluated with regular school tests that we 
standardize at the school, track and year level to make them (more) comparable. Table 6 shows that 
our experiment did not produce a statistically significant difference in the mean of the math results 
between the control and intervention group.  

Therefore, we develop a more fine-grained approach in our multivariate analyses. Rather than to 
look into an average effect, we investigate whether specific target groups in our study population 
benefitted from the intervention. More specifically, we looked into the difference between ability 
groups within classes. We divided students into pre-test quartiles (based on the standardized math 
test) and evaluate the effect of the intervention for every quartile separately (using interaction 
effects). 

Table 6 T-test of cognitive outcome: math 

 Control Intervention T-value 
 Std.dev. Mean Mean Std.dev.  
Math outcome, standardized 1.02 -.04 .05 .97 1.08 
N 324 274  
Notes:  
***, **, * = statistical significance of 99, 95 and 90%. 
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Model 3 in Table 7 shows that the intervention has had a variable effect. It has been more positive in 
the middle of the ability distribution than at either of the extremes. For the second quartile the effect 
is even statistically significant (at the 10% level), with a standardized effect size of 0.33 of a standard 
deviation, indicating a moderate effect. 

Models 1 and 2 in the table mainly corroborate the earlier finding of the t-test in Table 6, reiterating 
that the overall mean effect of the intervention is not statistically significant. Across the models it can 
be observed that girls tend to have higher test results for math and the influence of the class or 
cluster is not high (ICC of 6 to 7%). 

Table 7 Multivariate analysis of the cognitive outcome: math (multilevel for class grouping) 

 Model 1 Model 2 Model 3 
    
Constant -.15   .50***    .61*** 
Intervention  .07   .07  
Pretest continuous  .45***   
Pretest quartile 1  -1.30*** -1.40*** 
Pretest quartile 2  -  .75*** -  .98*** 
Pretest quartile 3  -  .55*** -  .74*** 
Pretest quartile 4 (reference)    
Intervention * quartile 1   -.00 
Intervention * quartile 2     .30* 
Intervention * quartile 3     .19 
Intervention * quartile 4   -.21 
Udens College (versus HWC)  .00 .01   .03 
Year 3 (reference)    
Year 4   .00 -.01   .00 
Year 5 -.03 -.02   .00 
Academic track (versus general track)   .04 .02   .02 
Girl (versus boy)  .17** .19**   .20*** 
    
AIC 1575 1566 1564 
ICC    6%    7%    7% 
Standardized Effect size, quartile 2a n.a.b n.a.b   .33 
Notes: 
The table shows estimates and level of statistical significance.***, **, * >99, >95, >90% 
Estimation is based on a random intercept model, grouping for every class or cluster. 
The outcome (math test result) is standardized at the school, year and track level 
N = 598    
a The effect size is the point estimate of the intervention in the multilevel analysis expressed 
as a fraction of the standard deviation of the outcome in the control group (second quartile) 
b No effect sizes are calculated because the intervention is not statistically significant 

 

4.3 Intensity of treatment 
Above we have briefly touched upon various reasons for a variable intensity of the treatment with 
the META-method: teachers had some leeway when applying the method, some students 
participated twice in the experiment because two of their subjects were part of it and another group 
of students experienced the method for a second consecutive year because it was already tested on 
a small scale the year before.  
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In section 2 we explained that teachers had a certain degree of freedom when applying the META-
method in class. They integrated its elements in their teaching, have done so to a varying degree and, 
thus, created a variable experience with the META-method for students. We asked teachers to 
register when they used at least one of the elements of the method in class. It turns out that they did 
so in about half of the classes, ranging from 27% to 81%. This large span reflects a whole range of 
explanations. Some teachers needed time to picture for themselves the practical use of the method, 
while others were quicker or more experienced with the model. Some classes had a practical project 
for some weeks, which excluded the use of the method, while most had continuous regular 
instruction. Probably because of this variety of underlying reasons, we find no effect of the reported 
intensity of use of the method on the outcomes measured in our experiment. In any case, we use 
multilevel estimates to control for potential variability between the groups. Therefore, we reckon 
that the results we present in this contribution represent the reality of everyday teaching quite well. 
Outside of the laboratory it is unlikely that any intervention will be applied homogeneously. Thus our 
results may offer a fairly realistic view of the results of the use of the META-method in a first year of 
implementation in a school. We expect it to become more effective when teachers acquire more 
experience, as we will illustrate below. 

As it turns out, two of the participating teachers had already been testing the META-method in a 
rudimentary form in the years prior to the experiment we report about here. Consequently, for some 
students it was not their first experience with the method. This creates a longer treatment period 
than for the majority of the students. In effect 39 students of one teacher were in the two year 
treatment group.3 All of them belong to the academic track of one school. To evaluate whether a 
lengthened treatment period makes a difference, we therefore limit the sample to students of this 
one track and school. 

The first model in Table 8 is a reference model, which reflects the same estimation approach as in 
model 1 of Table 7, but is limited to the smaller sample we use here. It replicates the results, showing 
no statistically significant effect of the intervention. When we differentiate between the students 
treated twice and once in model 2, however, we do see a difference. Students who had a second 
experience with the method, have significantly higher math test results than students in the control 
group. In contrast, students in the treatment group with only one year of META-method do not differ 
significantly from the control group students.  

These estimates suggest that an overall positive effect may be achieved when using the method in 
two consecutive years. Thus not only students in the middle of the ability distribution would benefit 
from the intervention (as shown in the previous section), but all types of student might. Yet, it should 
be noted that the results of Table 8 derive from the teaching activities of only one teacher, in one 
particular track and school. More research is needed to establish the external validity of this result, 
as promising as it may be. 

                                                           
3 There is no interference with the others subjects in the experiment. All these students experienced the META-
method only in their math classes. 
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Table 8 Multivariate analysis of the cognitive outcome (math): two versus one year of intervention 
comparison 

 Model 1 Model 2 
   
Constant -0.24 -0.26 
Math Pretest  0.41*** 0.42*** 
Intervention 0.05 -0.16 
Two year of intervention  0.55** 
Year 3 0.02 0.02 
Year 4 0.07 0.18 
Year 5 (reference category)   
Girl (versus boy) 0.39*** 0.37*** 
   
Akaike Information Criterion (AIC) 508.37 505.13 
Intraclass Correlation (ICC) 10% 12% 
Notes: 
The table shows estimates and level of statistical significance.***, **, * >99, >95, >90% 
Estimation results stem from a random intercept model, grouping for every class or cluster 
Math scores are standardized 
N = 192   (academic track of one school) 
 

As a last source of heterogeneity, we showed in section 3.1 that because we included three subjects 
in the experiment, some students experienced the META-method twice, with two different teachers. 
This too varies the intensity of the treatment, roughly doubling it for a small part of the students (20 
students) and creating a mixed environment (with potential contamination) for another group (37 
students). Because these situations happen only in specific types of education (year five of the 
academic track in one school and year four of the general track in the other), we limit our estimation 
exercise to the students in the control and intervention groups of these two. We thus restrict the 
estimation sample to 162 students, rather than 598 in the previous tables. To check the 
consequences of this selection, we first re-estimate model 1 of Table 7, our most general model 
specification. Model 1 in Table 9 replicates the results of Table 7 on the restricted sample. No 
statistically significant effect of the intervention is found. 

A more surprising result is seen in model 2, which differentiates between five potential intervention 
situations (combination of interventions). It turns out that students who experienced a combined 
intervention in their math and M&O classes were significantly worse off than students in the control 
group. Why this is the case is not clear. Potentially, a double intervention was too intense to bear or 
students were confused by two concurrent introductions of a new framework, by different teachers 
in different subject with different practical-didactical choices. Further research should shed light on 
the empirical relevance of these explanations. 

Summarizing, we presented results of various types of variation in the intensity of the intervention 
that suggest that intensity can make a difference, especially when extending the intervention period 
in time or over various subjects. 
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Table 9 Multivariate analysis of the cognitive outcome (math): comparison of concurrent treatment in 
other subjects 

 Model 1 Model 2 
   
Constant -0.13 -0.04 
Math pretest 0.35*** 0.36*** 
Intervention for math -0.08  
  Only for math  0.07 
  Also intervention for economics  0.09 
  Also intervention for M&O  -1.17** 
Intervention for another subject   
  Only intervention for economics  0.67 
  Only intervention for M&O  -0.13 
   
Year 4 & general track (reference)   
Year 5 & academic track -0.00 -0.18 
Girl (versus boy) 0.30* 0.24 
   
Akaike Information Criterion (AIC) 451.01 435.46 
Intraclass Correlation (ICC) 5% 9% 
Notes: 
The table shows estimates and level of statistical significance.***, **, * >99, >95, >90% 
Estimation results stem from a random intercept model, grouping for every class or cluster 
Math scores are standardized 
N = 162   (selected sample, potential concurrent treatment) 
 

5 Conclusion and discussion 
 

This article reports on an experiment testing the effectiveness of a method intended to enhance the 
metacognitive practice and learning results of students in secondary school. The method consists of 
three elements: structuring cards (meta-cards), collaboratively elaborated mindmaps and short 
quizzes regarding metacognitive knowledge and beliefs. 

The quantitative evaluation of the method focuses on the outcomes regarding math, for which the 
experiment has a fair sample size. It is shown that students effectively enhanced their metacognitive 
practice, especially regarding self-regulation, elaboration and critical thinking among the intervention 
students. Yet, as to the cognitive outcomes (math tests), it reveals statistically significant effects only 
for students in the second quartile, i.e. students who (in the pretest) performed below average, but 
not dramatically so. For other students the method does not improve, neither harm the learning 
outcomes.  

It should be noted that this result is more modest than earlier, small-scale experiments, regarding 
which we observed positive effects on mathematics learning outcomes with a high degree of 
statistical significance. That does not come as a surprise, because in the earlier experiences the 
intervention was realized by the developers of the method themselves and thus was highly 
homogeneous. In the wider experiment reported about here, a larger group of teachers was 
involved. Four training sessions were organized to prepare the intervention teachers to the 
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experiment and to coach them during the experiment. The sessions were highly valued by the 
teachers and, to our understanding, were indispensable for the project. Nevertheless, it is clear that 
the intervention was adopted more heterogeneously. Moreover, the teachers reported to the 
researchers to need time (several months) and coaching to incorporate the method in their teaching 
practice. In future research on the adoption of the method, it will be interesting to look into the 
required preparation for teachers and gather detailed information on the actual use of the three 
elements of the method. 

Regarding the application of the method for the course subject Economics (and the related subject 
M&O), we ran into similar complications. Both participating intervention teachers were initially 
struggling with the redesign of their teaching practice. Especially the development of META-cards 
that are topic specific, yet at the same time relate to the general structure of problem solution, 
proved to be a challenge. This has in part to do with the fact that previous experiences with similar 
approaches (IMPROVE) exclusively focus on the course subject Mathematics and, hence, no 
examples were available. Moreover, the training and coaching was again important and teachers 
reported to need time to find out in their own practice how to realize the proposed approach. Given 
the combination of the above and the small sample (statistical power issues), it is not surprising that 
we did not find statistically significant effects for Economics. 

All in all, we see the META-method as an effective way to teach metacognitive skills. Because it is 
integrated in the teaching of a subject, students see its immediate benefit clearly and may be more 
motivated than in separate trainings of metacognitive skills (e.g. “learning how to learn” courses).  
Yet, the challenge lies in obtaining a certain degree of abstraction and realize transfer. In the end, 
students need to learn how to ask generic questions, rather than follow a topic specific recipe. 
Therefore, in the intervention, the META-cards always contain both topic related and general 
questions. Moreover, after a few months of working with the cards, students can be invited to 
construct the cards themselves. First, they fill in part of the card. Ultimately, they design it fully. As 
such, students acquire a deeper understanding of metacognitive skills. 
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7 Annexes 
 

Annex A1 Additional items regarding metacognitive skills: addition to the 
MSLQ 

1. For [subject], I think it is very useful to read the text and questions thoroughly in order to 
carry out an assignment or to solve a problem. 

2. While reading and studying a text, I look for signaling words and highlight them, so as to be 
able to rapidly link the question with the information provided. 

3. Before choosing a solution strategy or approach in [subject], I try to link the information 
provided with the question and prior knowledge. 

4. Before starting to solve a problem or carry out an assignment, I often try to make an 
estimate or preview of my result. 

5. To choose the best strategy for a task, I scan my memory for comparable tasks we have 
completed earlier. 

6. When executing an assignment, I do not plan on beforehand, but develop a strategy step by 
step. 

7. While executing an assignment, I often check whether I am on track. 
8. While executing an assignment, I regularly control whether I took into account all the 

elements given. 
9. After the execution of a task or the solution of a problem, I critically review my outcomes to 

check whether they are realistic and coincide with my prior estimate. 
10. I usually do not have time to control whether I have completed the task. 

These items are distributed across the MSLQ (as with all other items, which are not grouped 
thematically). 

As in the analysis of the metacognitive self-regulation scale of the MSLQ by Tock and Moxley (2017), 
we also observe that the negatively formulated items in our set (numbers 6 and 10 in the list above) 
give unreliable answers. Excluding them increases the Cronbach’s α measure of internal consistency 
from 0.61 to 0.72. We therefore use an index of eight instead of the originally ten items as an 
indicator of metacognitive skills (excluding items 6 and 10). 
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