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Abstract

The purpose of the present study is twofold: (a) to examine the extent to which students exposed to metacognitive instruction while preparing themselves to the matriculation exam in mathematics attain a higher level of mathematics achievement than their counterparts who were not exposed to metacognitive instruction; and (b) to examine the differential effects of metacognitive instruction on two components of meta-cognition: knowledge about cognition and regulation of cognition. Participants were 61 Israeli high school students who studied mathematics for four-point credit on the matriculation exam (middle level).  About half of the students (N=31) were assigned to meta-cognitive instruction, called IMPROVE, and the others (N=30) studied with no explicit meta-cognitive guidance (control group). Analyses included both quantitative and qualitative methods.  The latter was based on students’ interviews, conducted about a couple of months after the end of the intervention, immediately after students had completed the matriculation exam in mathematics. Results indicated that IMPROVE students outperformed their counterparts on mathematics achievement and regulation of cognition, but not on knowledge about cognition. Furthermore, during the matriculation exam, IMPROVE students executed different kinds of cognitive regulation processes than the control students.  The theoretical and practical implications of the study will be discussed in TSG26.

 The Effects of Metacognitive Instruction on Students’ 

Mathematics Achievement and Regulation of Cognition 

Metacognitive instruction refers to a broad umbrella of innovative instructional methods, all based on guiding students to activate metacognitive processes during their learning. Two kinds of meta-cognitive skills have been described in the literature: knowledge about cognition, and regulation of cognition.  The first consists of “information about one’s cognitive processes, including knowledge of one’s strengths and weaknesses as a learner, knowledge about strategies and knowledge about when and where to use strategies”. …  The later, regulation of cognition, consists of “planning, monitoring and correcting one’s on-line performance“ (Schraw, 1994, p. 143).    

Meta-cognitive instruction has the potential to enhance meta-cognition and learning. For example, Mevarech and Kramarski (1997) examined junior high school students, who were exposed during a full academic year to a meta-cognitive instructional method, called IMPROVE.  The findings indicate that IMPROVE students significantly outperformed the non-treatment control groups on various measures of mathematics achievement.  The positive effects of IMPROVE were evident also in other studies, focusing on different kinds of mathematical tasks, such as: authentic tasks (Mevarech, Kramarski, and Arami , 2002) or mathematical reasoning of pre-college students (Mevarech and Fridkin, 2006).

These studies raise the question of the extent to which meta-cognitive knowledge and skills can be transformed into situations other then the ones in which students were trained to use these processes.  For example, it is unknown at present whether students who are exposed to meta-cognitive instruction (e.g., IMPROVE) would activate meta-cognitive processes in a delayed, stressful situation, such as being examined on the matriculation exam.  The present study addresses this question.  One hypothesis is that the positive effects of the meta-cognitive instruction are limited to “here and now”, and thus meta-cognitive processes would not be transferred to other situations. An alternative prediction is that students exposed to meta-cognitive instruction indeed see the relevance of these processes for successful cognitive performance, and thus would apply these processes even, or maybe in particular, in situations imposing high cognitive load. 

A second goal of this study is to examine the extent to which meta-cognitive instruction has differential effects on the various components of students’ meta-cognitive awareness: knowledge about cognition, and regulation of cognition. We examined this question in a specific situation (e.g., studying for the matriculation exam) in which both the experimental and control groups, were highly motivated to learn and succeed. This is particularly important, because motivation plays a significant role in monitoring and regulation. One may argue that the high motivation of the control group would compensate for the lack of appropriate meta-cognitive knowledge, and thus would minimize the differences that were found in previous studies. To the best of our knowledge, rarely research has examined innovative instructional methods implemented in situations where students are preparing themselves for external exams, such as the matriculation exam. The unique characteristics of external exams administered at the end of high school and having important consequences for students’ futures, deserve special studies, specially designed for this situation.   

Method

Participants

Participants were 61 Israeli high school students who studied for four point credit on the matriculation exam in mathematics (middle level). 

Measurements

Three kinds of measurements were used in the present study: mathematics achievement tests based on the matriculation exams for middle level, a meta-cognitive awareness questionnaire adopted from the study of Schraw & Dennison  (1994), and interviews. The mathematics tests and questionnaire were administered twice: prior to the beginning of the study and at the end of the study.  The interviews took place immediately after students completed the matriculation exam, about two months after the end of the intervention.

Treatments

Two teaching methods were implemented in the present study: (a) a meta-cognitive instructional method, called IMPROVE (e.g., Mevarech & Kramarski, 1997; Kramarski & Mevarech, 2003); and (b) the “traditional” method in which students were not explicitly exposed to meta-cognitive guidance. Both groups used the same textbook and solved exactly the same problems.  

In IMPROVE, students were trained to use a series of four self addressed questions:  Comprehension -- “What is the problem all about?”, Connection – “What are the similarities and differences between the problem at hand and problems that you have solved in the past?  Please explain your reasoning”, Strategies – “What strategies are appropriate for solving the problem?  Please explain your reasoning”, and Reflection – “Does the solution make sense?  Can I solve the problem differently? Did I consider all the relevant information?” The meta-cognitive self- addressed questions were printed on the students’ learning sheets, and students had to answer these questions in writing. More information about IMPROVE can be presented in TSG26 discussions.

As indicated, the “traditional” teaching was similar to IMPROVE, except that students were not explicitly exposed to meta-cognitive activities, knowledge, or skills. 

Results 

The findings indicate that prior to the beginning of the study, the mean score of the control group was significantly higher then that of the experimental group (t(59)=3.33, p<.05). Thus, one way Analysis of Covariance (ANCOVA) was performed, with prior achievement scores used as a covariance.   The ANCOVA was performed after checking that all prerequisites for running ANCOVA were attained. 

The ANCOVA indicated that controlling for prior achievement, at the end of the study the IMPROVE students significantly outperformed the control group on the post-test (F(1, 58)=4.79, p=.033). The adjusted mean scores were equal to 75 and 65 percent correct items (SD= 16.0 and 16.1), for IMPROVE and control groups, respectively.   

Further analysis of students’ metacognitive awareness indicates that controlling for initial differences, at the end of the study no significant differences were found between the two groups on Knowledge about Cognition (F(1,58)=1.823, p>.05, but significant differences were found on Regulation of Cognition (F(1,58)=4.55, p<.05). The IMPROVE students reported significantly higher level of Regulation of Cognition than the control group (M=3.61 and 3.27; SD=.34 and .50, for IMPROVE and control groups, respectively).

Analysis of the Interviews showed that both groups activated metacognitive processes while solving the math problems on the matriculation exam, but each group activated different kinds of processes. The “traditional” group focused mainly on attempts to comprehend the problems, the IMPROVE students tried to make connections, and reflect on the process and the product. 

Discussion

 
Given the findings of the present study, one reasonable conclusion is that students have to be trained to regulate their learning, as shown in the present study, and in other studies (e.g., Mevarech, 1999; Mevarech & Kramarski, 1997; Kramarski & Mevarech, 2003).  The study raises some questions for further consideration.  For example, why did the metacognitive instruction exert different effects on knowledge about cognition compared to regulation of cognition? Are the metacognitive processes that students activate during the matriculation exam affected by the instructional method to which they were exposed? And finally, what are the relationships between metacognitive processes and students’ performance on the matriculation exam in mathematics?      The theoretical and practical implications of the study will be discussed further as part of TSG26.  
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