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Introduction

The goal of this presentation is to explore cognitive and metacognitive skills of teachers engaged in cognitive program training and to compare them with the cognitive skills of students receiving this type of program.


Metacognition is often considered to be the highest level of mental activity involving knowledge, awareness, and control of one's lower level cognitive skills, operations and strategies (see Bruer, 1993). Amongst the more basic metacognitive skills is the ability to plan and monitor one's problem solving actions, predict possible outcomes and compare them with actual solutions. Students' ability to reflect upon their own learning and problem solving strategies is considered to be indicator of a successful educational process. Some of the major criticisms directed at traditional educational models are associated with the apparent inability of these models to foster students' reflective and metacognitive skills (Burden and Williams, 1998). 

Certain educational approaches, such as the Vygotskian "Learning Activity" (Zuckerman, 2003; 2004) position the development of reflective abilities at the center of the primary school curriculum. According to this approach the difference between successful and unsuccessful educational processes can be evaluated by the students' ability to reflect upon their own goals, means and methods of action, to examine a given problem from the other's point of view, and to perform self-evaluation using clearly defined criteria.


There are two main approaches to fostering metacognitive skills: Curriculum -based and content-neutral. The "Learning Activity" (Zuckerman, 2003) and the "Reciprocal Teaching" (Palinscar & Brown, 1984) models represent a curriculum-based approach because the development of metacognitive skills is embedded here into the curricular teaching of mathematics, language or other subjects. "Instrumental Enrichment" (IE) developed by Feuerstein et al (1980) represents one of the most elaborate systems of content-neutral programs. The IE was first conceived as a method for developing learning potential in socially disadvantaged adolescents, many of them belonging to ethnic minority groups. These students' low levels of cognitive performance and scholastic achievement were interpreted by Feuerstein et al as a consequence of inadequate amount or type of their mediated learning experience.  IE was thus designed as a remedial and enrichment program which would provide students with mediated learning experience, correct their deficient cognitive functions, teach them the necessary basic concepts, vocabulary and operations, foster reflective reasoning and turn these students from passive recipients of information into active learners. IE materials include 14 units of paper-and-pencil tasks that cover such areas as analytic perception, comparisons, classification, orientation in space and time, syllogistic reasoning and others. These units are called "instruments" because they help to "repair" a number of deficient cognitive functions.


IE program is taught as a separate curricular subject for 2 to 5 hours per week. Teacher training in IE includes a series of lectures, seminars and workshops ranging from about 90 hours (for the first 7 units) to 200 hours (for all 14 units). IE applications with different groups of learners including regular, underachieving, learning disabled and gifted students generated a considerable research literature. One can even claim that IE is the most researched of all cognitive programs (see Kozulin 2000). The main emphasis on IE research has always been on the change that occurs in students' performance. Little is known of teachers' acquisition of IE problem solving skills and even less of their metacognitive performance associated with this acquisition. When students achieve good results after being exposed to the IE program, it is presumed that one of the contributing factors is the teachers' mastery of the program and their skillful mediation of the program to their students. A study of Alvarez (quoted in Kozulin 2000) confirmed that there is a significant correlation between the students' post-IE performance and the quality of mediation demonstrated by IE teachers. In those classes where IE teachers showed a lower quality of mediation the students' results were barely higher than in the control group that received no IE at all. While the quality of mediation was addressed in at least some studies, the question of IE teachers' reflection upon their own problem solving remained outside the scope of IE research. This leads us beyond the specific case of the IE program to a more general question regarding the educators' readiness for instruction that emphasizes cognitive strategies and requires a high level of reflection.

Thus the aim of the present study is to ascertain:

1) Whether the IE tasks posed a problem for teachers before IE training, and how far their problem solving skills improved after the training;

2) What characterized the initial metacognitive performance profile of trainee teachers and how this profile changed after the training.

3)  How the teachers' problem solving of IE tasks compares to that of primary school students who received IE lessons.

Methodology and results

The study was conducted with two groups of educators who received IE training. Twenty eight educators participated in all stages of the study including pre- and post-tests, and the training itself. In Group 1 the pre-test came after the teacher received a theoretical introduction to IE and workshop experience with "Perceptual organization" tasks. In Group 2 the pre-test was made after a theoretical introduction but before workshop experience with any of the IE tasks. At the pre-test all participants were presented with four types of IE tasks ("Perceptual organization", "Orientation in space", "Comparisons" and "Classification" - see Appendix). They were asked to solve the tasks and write down their problem solving strategies. 

In spite of the fact that educators in Group 1 had the advantage of already having studied "Perceptual organization" the t-test of the pre-test total scores of the two groups was not significant and the data of the two groups was merged. The analysis of pre-test problem solving (see Table 1) demonstrated that a relatively large number of teachers experienced difficulty in solving at least some of the tasks. 

	
	Perc. Org.
	Space
	Comp.
	Class.
	Total

	Pre
	2.57(0.88)
	2.55(0.8)
	1.18(0.86)
	0.96(1.0)
	7.27(2.03)

	Post
	2.80(0.31)
	2.46(0.74)
	1.78(0.5)
	1.54(0.69)
	8.68(1.19)*

	Max. score
	3
	3
	2
	2
	10


Table 1. Average problem solving scores in two groups at the pre- and post-test (SD in parenthesis). N=28. * t = 3.78, p < 0.05. 

Even greater difficulty was experienced by teachers in articulating their problem solving strategies in a written form. Because the results of the two groups were significantly different at the pre-test they have beeen analyzed separately (Table 2A and 2B). In Group 1 a relatively high level of reflection was demonstrated only regarding "Perceptual organization" that had been already studied by this group. Strategy reflection in all other tasks in both groups was low, ranging from 22.9 to 39.3. All relevant strategies were described by a very small number of participants, while strategy descriptions provided by many educators were vague, inconsistent or irrelevant. One can thus conclude that before IE training the problem solving skills of at least some of the trainee teachers were not very effective, and that their reflective skills regarding cognitive tasks required substantial improvement. 

	Group 1
	Perc. Org.
	Space
	Comp.

	Pre
	52.1 (36.3)
	26.8 (24.9)
	39.3 (35.6)

	Post
	56.8 (27.6)
	37.5 (25.5)
	58.6 (26.6)

	Max score
	100
	100
	100


Table 2A. Average strategy reflection scores at the pre- and post-test in

Group 1 (SD in parenthesis). N=14.

	Group 2
	Perc. Org.
	Space
	Comp.

	Pre
	29.4 (20.7)
	25 (25.9)
	22.9 (25.8)

	Post
	68.9 (33.4)*
	66.1 (39.9)*
	62.9 (33.1)*

	Max score
	100
	100
	100


Table 2B. Average strategy reflection at the pre- and post-test scores in 

Group 2 (SD in parenthesis). N=14. (* p < 0.05).

The second set of data was collected from the two groups eight months later after they finished a 90 hour course of IE training. The course included material that corresponded to cognitive tasks used at the pre- and post tests. The results indicate statistically significant improvement in IE problem solving as reflected in the total score (see Table 1). The post-training results reach a 93% success rate in "Perceptual organization". At the same time the average score in the "Orientation in Space" stayed practically at the same level of 82%

There was also significant improvement in the participants' reflection and their ability to describe one's own problem solving strategies. Here the results differed in two groups (see Tables 2A 2B). Group 1 at a pre-test received a slightly higher average total strategy score of 39.4, relative to the score of 25.8 in Group 2. As mentioned before, this can be attributed to the previous experience of Group 1 with "Perceptual organization" instrument. At the post test, however, the Group 1 average score was only 50.9 while Group 2 advanced to the average total score of  65.9. The change was statistically significant only in Group 2.  Results of the strategy reflection of individual participants in both groups remained widely different as reflected in elevated standard deviations in both groups. 


Finally a comparison was carried out between the IE problem solving performance of trainee teachers and two groups of 6th grade students (age 11-12). For one group of students IE tasks were completely unknown, while students in the second group studied the IE program for 60 hours, but without the "Comparison" tasks. Unlike trainee teachers, who had to solve two "Comparison" tasks, students had to solve 5 tasks of the same nature. Table 3 shows the average percent of correct answers to the "Comparisons" task for two groups of students (no-IE group and IE group) and for the trainee teachers before and after IE training.

	
	Students
	Teachers

	Pre IE
	48%
	59%

	Post IE
	80%
	89%


Table 3. Average percent of correct answers in "Comparisons" task. Teachers group: N = 28; students no-IE group: N=31; students IE group: N =20. 


Though teachers' ability to solve the "Comparisons" task before IE training was somewhat higher than that of students, one can see a very strong transfer effect in the students' group. Unlike teachers, who studied "Comparisons" tasks during their IE training, students studied only "Perceptual organization" and "Orientation of space" and yet they achieved almost the same level of mastery as teachers. It can be concluded that students were able to transfer cognitive principles learned during IE lessons to the tasks that were novel for them.

Discussion and conclusions


The fact that the solution of IE tasks was not trivial for some of the trainee teachers corresponds to the original intention of Feuerstein et al (1980) to place teachers and students in almost equal position vis-à-vis IE tasks that, unlike mathematics or literature, do not belong to the professional field of the teachers. At the same time the fact that the "Classification" task was correctly solved by only 49% of pre-training teachers indicates that the teachers' previous educational experience failed to prepare some of them for cognitive problem solving. 


Even more significant was the wide gap between the satisfactory level of teachers' problem solving (at least in tasks other than "Classification") and the low level of their metacognitive reflection. If one accepts that teachers are expected to be particularly skilled in analyzing and explaining the problem solving process of their students, the fact of their difficulty in reflecting upon their own problem solving indicates that the metacognitive aspect was severely neglected during their previous professional training.


Teacher training of the IE program proved to be effective in improving the teachers' problem solving skills. At the same time, one might expect the 100% success rate (rather than the actual 87%) in the post-test tasks that corresponded so closely to the items studied during IE training. The change in the metacognitive awareness of one's own problem-solving process assumed a different form in the two groups of teachers. Although a positive trend was observed in Group 1, in no one of the tasks did this trend reach a statistically significant level. To the contrary, in Group 2 that started with a lower level of metacognitive awareness, a real progress took place that resulted in statistically significant changes in strategy description in each one of the tasks. This disparity can be attributes to the different mediational styles of IE instructors who worked with these two groups. Group 1's instructor apparently placed greater emphasis on cognitive skills and the didactics of teaching IE in the classroom at the expense of metacognitive aspect, that possibly appeared more prominently in the training process in Group 2.


A comparison of students' and teachers' problem solving indicates that while 6th grade no-IE students are definitely in need of additional skills, their peers who received at least some elements of the IE program were quite capable of performing on a level close to their potential teachers.

Several conclusions and recommendations can be made on the basis of these findings:

1) Cognitive tasks intended for school children pose a certain difficulty for educators who are expected to teach them in the classroom. This finding alone calls for the inclusion of cognitive programs like IE into teacher training programs.

 2) There is a considerable gap between teachers' ability to solve cognitive tasks and their ability to reflect upon their own problem solving strategies. Metacognitive component should be given more prominent attention in IE teacher training and in teacher training in general. 

3) Experience with the IE program is beneficial for the development of cognitive skills in both students and their teachers. 
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Appendix 
Trainee teachers were pre- and post-tested by four types of tasks closely resembling the tasks of the IE program:

"Perceptual organization".  A model with geometric figures and two frames with clouds of dots. Dots should be connected to reproduce the model figures. This task represents a fragment of the IE instrument Organization of Dots.

"Orientation in Space". The task requires identifying directions from one square to another in the 3 x 3 matrix. The task is similar though not identical to the tasks of the IE instrument Orientation in Space.

"Classification". The task requires the classification of a group of given numbers by  odd/even and the number of digits (1, 2 and 3 digit numbers) and the presentation of  the result as a table or chart. The task is similar though not identical to the tasks of the IE instrument Categorization. (For technical reasons there were no strategy questions attached to this task).

"Comparison". This relatively difficult task will be described in some detail.

 Instruction:

“In each of the two frames, make a drawing that is the same as the model only in those aspects indicated by the circled words.”

Model

	




	
Shape   Size   Color    Number
	
 Shape   Size      Color   Number


The “Comparisons” task requires integration of a number of cognitive principles, the first being attention to both explicit and implicit instruction. If explicitly the instruction requests drawing a figure that is similar to the model in a specified way, implicitly it states that all other parameters of the figure should differ from the model. The next cognitive principle is that of the analysis of the model according to the parameters featuring in each task. For example, the model should be analyzed in terms of shape (circle), color (black), number (four) and size (approximately 3mm in diameter). The next cognitive principle is the integration of different sources of information. The task of creating a correct figure can be accomplished only if information from the written instruction, graphic model, and circled parameters is integrated. The final cognitive effort is directed at actually generating the required figure and checking whether it corresponds to all the task criteria. 


Correct solution of each one of the sub-tasks was scored as 1, so that the total maximum score for this task was 2. When educators were asked to write down their problem-solving process, we expected them to mention at least the following five major strategies: 1) Analyzing written instructions; 2) Analyzing the graphic model; 3) Focusing on parameters indicated by circled and uncircled words; 4) Implementing the solution using several sources of information; 5) Checking the solution by “going back” from the created figure to the given parameters, instructions and the model. The correct mentioning of each of the five strategies was scored as 20 points, for the maximum score of 100.
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