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BRACHA KRAMARSKI, ZEMIRA R. MEVARECH and MARSEL ARAMI

THE EFFECTS OF METACOGNITIVE INSTRUCTION ON SOLVING
MATHEMATICAL AUTHENTIC TASKS

ABSTRACT. The present study investigates the differential effects of cooperative-learning
with or without metacognitive instruction on lower and higher achievers’ solutions of
mathematical authentic tasks. Participants were 91 seventh graders who studied in three
classrooms. Data were analyzed by using qualitative and quantitative methods. Results in-
dicated that students who were exposed to the metacognitive instruction within cooperative
learning (COOP+META) significantly outperformed their counterparts who were exposed
to cooperative learning with no metacognitive instruction (COOP). The positive effects
of COOP+META were observed on both authentic and standard tasks. In addition, the
findings show the positive effects of COOP+META method on lower and higher achievers.
The practical implications of the study are discussed.

KEY WORDS: authentic tasks, cooperative learning, metacognition, problem solving

INTRODUCTION

The new reforms for teaching mathematics redirect teachers to focus on
solving authentic tasks (NCTM, 2000; Cai, 2000). This mandate is rooted
in at least three sources. First, today’s economy requires highly skilled
workers who are able to apply their mathematical knowledge to solve au-
thentic tasks for which the solution method is not known in advance (e.g.,
Darling-Hammond, 1992). Second, some mathematics educators (e.g.,
Cobb, 1994) emphasize the importance of using authentic tasks because
knowledge construction is likely to occur when students have to deal with
rich information and resolve cognitive conflicts, rather than applying ready-
made algorithms for solving standard tasks (Prawat, 1998). Finally, from
a motivational perspective, providing challenging tasks that are relevant
to the students’ world and daily life has the potential to increase students’
interest in mathematics, which in turn may enhance achievement (e.g., Cai,
2000; Hattie, Biggs and Purdie, 1996; Hoek, van den Eden and Terwel,
1999). The main purpose of the present study is, therefore, to investigate
instructional methods that have the potential to enhance students’ ability
to solve mathematical authentic tasks.

Educational Studies in Mathematics 49: 225-250, 2002.
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MATHEMATICAL AUTHENTIC TASKS

Mathematical Authentic tasks are those which portray common contexts
and for which there are no ready-made algorithms (Forman and Steen,
2000). For example, teenagers in Western countries are used to buying
pizzas and refreshments for parties. An authentic task may ask students
to analyze data that would enable them to decide which is the best offer
for ordering pizza for a party, given the budget, number of guests, the
prices at different restaurants, and the factors that determine the price of a
pizza (e.g., size, number of slices, and number and kinds of supplements).
Forman and Steen (2000) as well as others (NCTM, 2000; Cai, 2000;
Lampert, 1990; Rose and Schuncke, 1997; Silver, 1994) further emphas-
ize that authentic tasks employ realistic data that are often incomplete or
inconsistent, avoid artificial worksheets, provide rich information about
the described situation, include complex mathematical data, can be ap-
proached in different ways, are based on a wide range of mathematical
knowledge and mathematical skills, and often ask solvers to use different
representations in their solutions.

It should be noted that being an authentic task is not a property of a
problem but of the relation between the problem solver to the problem. The
pizza problem described above may be authentic for youngsters who are
used to going to restaurants and comparing prices, but it may be inauthentic
for students living in countries where such activities are not common.

Authentic tasks are rarely presented in mathematics classrooms. In-
stead, the standard tasks customarily used by teachers are those which
describe simplified situations involving some quantitative information and
for which there are ready-made algorithms that students have to apply in
order to solve the problem. Word problems are examples of standard tasks
commonly presented in mathematics textbooks.

Many students, lower as well as higher achievers, face difficulties in
solving authentic tasks (e.g. Verschaffel, Greer and De Corte, 2000; Kra-
marski, Mevarech and Liberman, 2001). The difficulties are raised at all
stages of the solution process from the very first stage of understanding
what the problem is all about, through planning the solution process and
selecting appropriate strategies, to reflecting on the solution and deciding
whether or not it makes sense (Verschaffel et al., 2000). Some students,
particularly lower achievers, do not see the task as a whole, and thus focus
on only parts of the task (e.g., Lester, 1994). According to Cardel-Elawar,
(1995), Anderson (1990) and Fry (1987) lower achievers: read rapidly the
task at the expense of fully comprehending it, do not recognize that there
might be more than one right way to solve the task, and are uncertain
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about how to calculate and verify the solution. Verschaffel et al. (2000)
indicated that lower achievers have difficulties in reorganizing information
and in distinguishing between relevant and irrelevant information. Higher
achievers face different difficulties. They give up easily because ready-
made algorithms are not available for solving the authentic task, and they
have difficulties in bridging between what they know about standard tasks
and the novel, authentic tasks (Anderson, 1990; Fry, 1987; Verschaffel, et.
al., 2000).

Although authentic tasks are important, little is known at present on
how to enhance students’ ability to solve such tasks. Whereas much re-
search has focused on enhancing mathematical achievement under innov-
ative instructional methods, and in particular under cooperative learning
(e.g., Cardel-Elawar, 1995; Webb and Farivar, 1994), experimental or quasi-
experimental studies seldom utilized authentic tasks as a measure of out-
comes. This is not surprising given the fact that solving authentic tasks is
time consuming and therefore teachers have reservations about introducing
such tasks either in the ongoing instruction or in testing situations. Since
many of the difficulties associated with solving authentic tasks lie in stu-
dents’ inability to control, monitor, and reflect on their solution processes,
the present study examines the extent to which metacognitive instruction
facilitates the solution of authentic tasks.

METACOGNITIVE INSTRUCTION IN MATHEMATICS CLASSROOMS

Since the late 1970s, metacognition received a lot of attention in the educa-
tional literature (e.g., Brown, Bransford, Ferrara, Campione, 1983, Flavell,
1978; Jacobs and Paris, 1987; Swanson, 1990). Metacognition is defined
as “the knowledge and control one has over one’s thinking and learning
activities” (Swanson, 1990, p. 306). Following Flavell (1978), researchers
investigated many aspects of metacognition, including: the development
of metacognition in various age groups (King, 1989, 1991, 1994), the ac-
tivation of metacognitive processes in different contexts such as reading
(e.g., Cross and Paris, 1988), mathematics (e.g., Schoenfeld, 1987), and
memory (e.g., Pressley, Borkowski and Sullivan, 1985), and the relation-
ships between metacognition and other cognitive functions (e.g., Swan-
son, 1990). But only lately, however, researchers (e.g., Schoenfeld, 1987,
Mayer, 1987; Lester, Garofalo and Kroll, 1989; Cardell-Elawar, 1995, Meva-
rech and Kramarski, 1997) have started to design instructional methods
that are based on training students to activate metacognitive processes
during the solution of mathematical tasks.
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A major common element of metacognitive instruction is training stu-
dents who work in small groups to reason mathematically by formulating
and answering a series of self-addressed metacognitive questions. These
questions focus on: (a) comprehending the problem (e.g.,"What is the prob-
lem all about”?); (b) constructing connections between previous and new
knowledge (e.g., “What are the similarities/differences between the prob-
lem at hand and the problems you have solved in the past? and why?”;
(c) using strategies appropriate for solving the problem (e.g., “What are
the strategies/tactics/principles appropriate for solving the problem and
why?”; and in some studies also (d) reflecting on the processes and the
solution (e.g., “What did I do wrong here?”; “Does the solution make
sense?”).

Interestingly, in almost all studies, the metacognitive instruction was
employed in cooperative settings where small groups of 4-6 students stud-
ied together (e.g., Schoenfeld, 1987; Mevarech and Kramarski, 1997; Hoek,
Van den Eeden and Terwel, 1999). The cooperative-metacognitive approach
is based on cognitive theories of learning that emphasize the important
role of elaboration in constructing new knowledge (Wittrock, 1989), and
on a large body of research (e.g., Davidson, 1990; Qin, Johnson and John-
son, 1995; Stacey and Kay, 1992; Webb, 1991, 1989) showing that co-
operative learning has the potential to improve mathematical achievement
because it provides a natural setting for children to supply explanations
and elaborate their reasoning. Since this potential has not always materi-
alized, researchers suggested the embedding of metacognitive instruction
in cooperative settings in order to provide an appropriate condition for stu-
dents to elaborate their mathematical reasoning (Schoenfeld, 1992; Meva-
rech and Kramarski, 1997; Mevarech, 1999; Kramarski, 2000; Kramarski,
Mevarech and Liberman, 2001).

Generally speaking, researchers (e.g., Schoenfeld, 1992; Mevarech and
Kramarski, 1997; Mevarech, 1999; Hembree, 1992) reported positive ef-
fects of cooperative-metacognitive instruction on students’ mathematical
achievement. Kramarski and Mevarech (in press) further indicate that the
effects of cooperative-metacognitive instruction were more positive than
the effects of individualized-metacognitive instruction which in turn were
more positive than the effects of cooperative or individualized settings
with no metacognitive instruction. There is also evidence showing that the
effects of metacognitive instruction employed in mathematics and foreign
language classrooms on mathematics achievement were more positive than
the effects of metacognitive instruction employed only in mathematics
classrooms which in turn were more positive than no-metacognitive in-
struction (Kramarski, Liberman and Mevarech, 2001). The contribution
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of metacognitive instruction has been documented not only with regard
to mathematical problem solving, but also with regard to reading com-
prehension (Cross and Paris, 1988; King, 1989, 1991, 1994; Salomon,
Globerson, and Guterman, 1989). Cross and Paris (1988), for example,
emphasize the effectiveness of reflecting on reading strategies, King (1989,
1991, 1994) enhances the bridging of existing and new knowledge as a
means for improving reading comprehension. Salomon, Globerson, and
Guterman (1989) reported that students who were exposed to metacog-
nitive instruction in reading classrooms improved not only their reading
comprehension skills, but also their writing ability assessed as a transfer
task. It seems that students who were exposed to metacognitive instruction
were able to generalize the activation of metacognitive processes beyond
a specific domain. Given these studies, we hypothesized that metacognit-
ive instruction embedded in cooperative mathematics classrooms would
exert positive effects not only on students’ ability to solve standard prob-
lems as found in previous studies (e.g., Mevarech and Kramarski, 1997,
Cardel-Elawar, 1995), but also on students’ ability to solve authentic tasks.

Another open question relates to the differential effects of metacog-
nitive instruction on lower and higher achievers. As indicated, lower and
higher achievers face different difficulties in solving authentic tasks. Thus,
it is not clear how lower and higher achievers who were exposed to meta-
cognitive instruction would approach authentic tasks. Would lower achiev-
ers under metacognitive instruction be able to see the task as a whole, and
refer to all the data given in the authentic tasks? Would they be able to reor-
ganize and process the quantitative information in an effective way? Would
they be able to draw conclusions based on their mathematical reasoning?
Similarly, how would higher achievers who were exposed to metacognitive
instruction approach novel, authentic tasks for which there are no ready-
made algorithms? Would they be able to bridge between what they know
about standard tasks and authentic tasks? The present study addresses these
issues.

Finally, even with regard to standard tasks, many questions are still
open, particularly those that relate to differential effects of metacognitive
instruction on lower and higher achievers. Reviewing the literature indic-
ates that previous findings were inconsistent. While some studies showed
that lower achievers benefited from metacognitive instruction more than
higher achievers (e.g., Cardelle-Elawar, 1995), others reported the reverse
phenomenon (e.g., Hoek, et al., 1999), and still others did not find statist-
ical interactions between prior knowledge and the treatment (e.g., Meva-
rech and Kramarski, 1997; Mevarech, 1999; Fuchs, Fuchs, Hamlett and
Karns, 1998). One factor that may explain the inconsistency is the dif-
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ferent experience that teachers had in implementing the metacognitive in-
struction, which in turn might affect differently their students’ achieve-
ment. Thus, it would be interesting to examine the differential effects of
metacognitive instruction when implemented by teachers who had much
experience with the method.

Since the solution of authentic tasks requires the integration of various
sources of knowledge and skills, and since more of the studies reviewed
above focused on authentic tasks it is interesting to examine the differ-
ential effects of metacognitive instruction on the way lower and higher
achievers approach the various aspects of authentic tasks. The purpose
of the present study is, therefore, threefold: (a) to compare the effects
of cooperative-metacognitive (COOP+META) and cooperative instruction
(COQP) on students’ ability to solve mathematical authentic tasks; (b) to
examine the differential effects of these two methods on lower and higher
achievers; and (c) to replicate the findings of previous studies regarding the
effects of cooperative-metacognitive and cooperative instruction on stu-
dents’ solutions of standard tasks, with teachers who use metacognitive in-
struction regularly in their mathematics classrooms. The latter is important
because it may show the lasting effects of metacognitive instruction bey-
ond the experimental period which is often affected by the Hawthorn effect
and in which teachers often receive assistance from mentors, researchers,
or other experts.

METHOD

Farticipants

Participants were 91 seventh-grade students (44 boys and 47 girls) who
studied in three heterogeneous classrooms selected from two junior high
schools. Each school is an integrated school composed of students from
different socioeconomic backgrounds as defined by the Israel Ministry of
Education. Classes were similar in terms of size, students’ mean age (mean
age 12.3 years old), and levels of mathematics achievement assessed prior
to the beginning of the study (see below).

Treatment

In the present study, students studied mathematics under one of two con-
ditions: cooperative learning embedded within metacognitive instruction
(COOP+META) and cooperative learning with no metacognitive instruc-
tion (COOP). The two conditions were identical in terms of: the lesson
structure, the mathematical tasks the students solved, and the number of
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hours mathematics was taught (5 periods a week). Below is a detailed
description of each component.

Under both conditions each period included three parts: a) teacher’s
introduction to the whole class (about 10 minutes); (b) practicing activities
in small heterogeneous groups (about 30 minutes); and (c) teachers’ review
of the main ideas of the lesson with the whole class (about 5 minutes).
When common difficulties were observed, the teacher provided additional
explanations.

The small heterogeneous groups were composed of four students: one
high achiever, one low achiever, and two middle achievers. Students were
assigned to groups by the teacher according to her ordinary evaluation.

In all three classrooms, students were exposed to the same tasks. All
tasks were standard. None of the students was introduced to authentic tasks
prior to the beginning of the study or during the ongoing instruction.

The differences between the treatments were only with regard to the
metacognitive instruction, as follows:

The COOP+META condition: We used the IMPROVE method (Mevarech
and Kramarski, 1997; Mevarech, 1999; Kramarski, Liberman, and Meva-
rech, 2001) to train students to activate metacognitive processes in small
groups. Students were taught to formulate and answer four kinds of self-
addressed metacognitive questions: comprehension, connection, strategic,
and reflection questions.

The comprehension questions were designed to prompt students to re-
flect on the problem/task before solving it. In addressing a comprehension
question, students had to read the problem/task aloud, describe the task
in their own words, and try to understand what the task/concept means.
The comprehension questions included questions such as: “What is the
problem/task all about?”; “What is the question”?; “What are the meanings
of the mathematical concepts?”

The connection questions were designed to prompt students to focus on
similarities and differences between the problem/task they work on and
the problem/task or set of problems/tasks that they had already solved.
For example: “How is this problem/task different from/similar to what you
have already solved? Explain why.”

The strategic questions were designed to prompt students to consider which
strategies are appropriate for solving the given problem/task and for what
reasons. In addressing the strategic questions, students had to describe the
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what (e.g., What strategy/tactic/ principle can be used in order to solve
the problem/task?”) the why (e.g., “Why is this strategy/tactic/principle
most appropriate for solving the problem/task?”’) and how (e.g., “How can
I organize the information to solve the problem/task”; and “How can the
suggested plan be carried out?”).

The reflection questions were designed to prompt students to reflect on
their understanding and feelings during the solution process (e.g., “What
am I doing?”’; “Does it make sense?”’; “What difficulties/feelings do I face
in solving the task?”’; “How can I verify the solution?”; “Can I use another
approach for solving the task?”).

The teachers modeled the use of the metacognitive questions in their
introductions, reviews and when they provided help in the small groups.
Following the teacher’s introduction, students started to work in small
groups using the materials designed by us.

The studying in the small groups was implemented as follows: each
student, in his/her turn, read the task aloud and tried to solve it and explain
his or her mathematical reasoning. Whenever there was no consensus,
the group discussed the issue until the disagreement was resolved. Stu-
dents were encouraged to talk about the task, explain it to each other,
and approach it from different perspectives. Students used the metacog-
nitive questions during their discourse in small group activities and in their
written explanations when they solved the mathematical tasks. When all
students agreed upon the solution, they wrote it down in their notebooks.

The COOP condition: Under this condition, students studied in small het-
erogeneous groups, but they did not use the metacognitive questions. Each
student in his or her turn read the task aloud, tried to solve it and explain his
or her reasoning. When he or she failed to solve the task or when students
did not agree on the solution, the team discussed the task until a consensus
was achieved. When all team members agreed on a solution, they wrote
it down in their notebooks. When none of the team members knew how
to solve the task, they asked for teacher help. As indicated, the COOP
students were exposed to the same tasks as the COOP+META students.

Teacher training and learning materials

Three teachers participated in the present study. Each taught one classroom.
All teachers were female and had a similar level of education (B. Ed ma-
joring in mathematics), and more than five years of experience in teaching
mathematics in heterogeneous classrooms.
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Prior to the beginning of the study, all three teachers were exposed to
a one-day in-service training. They were told that they will participate in
a study in which new materials on problem solving are being tried out.
They went over the new materials and learned how to use them with their
students. The materials included the tasks and the explicit lesson plans. In
addition, the teachers were introduced to pedagogical issues related to the
New Standards (NCTM, 2000). A discussion was held about the question:
“What is a worthwhile mathematical problem?”.

The teachers who were assigned to the IMPROVE method were famil-
iar with it. They started to implement the method three years prior to the
beginning of the study, and since then they have used the method regularly
in their mathematics classrooms. Nevertheless, prior to the beginning of
the study, we briefly reviewed the IMPROVE principles and reminded
the teachers to embed the metacognitive questions in the new unit. The
teacher of the COOP group implemented cooperative learning regularly in
her mathematics classrooms. She was not introduced to the metacognitive
technique.

Measurements

Two measurements were used in the present study, one for assessing prior
mathematical knowledge, and the other for the post-testing. Each meas-
urement was composed of two parts: authentic and standard tasks. For the
sake of simplicity, all scores on the standard and authentic tasks have been
presented in terms of percent correct answers. It should be noted that in no
classroom did the students study the solution of authentic tasks.

Mathematics prior knowledge examination

Authentic task

The authentic task entails arranging a hall for a party in school (see below).
Students received three different price proposals for renting the hall. The
prices varied as a function of the number of participants in the party. Each
student had to decide which offer is most worthwhile in his or her opinion,
and justify his/her proposal in using various representations.

The hall task. You have to arrange a hall for a party in school. Here are
three different price proposals for renting the hall:

e The price is NIS 1,000 for renting the hall, no matter how many
people will arrive.

e The basic price for renting the hall is NIS 400. But, if the number of
participants will be more than 200, you have to pay NIS 3 more for
each person.
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e The basic price for renting the hall is NIS 200 and in addition you
have to pay NIS 3 for each participant.

Decide which offer is most worthwhile. Explain your reasoning.

Scoring. The hall task scores ranged from O (no response or incorrect
answer) to 3 (full correct answer). A full correct answer regards organizing
correctly the information by using tables, diagrams or algebraic expres-
sions, making a correct suggestion based on the given information and
providing verbal explanations to justify the suggestion.

Standard tasks

The standard tasks was designed by Mevarech and Kramarski (1997). It
included 41 tasks that covered the following topics, all taught prior to the
beginning of the study: whole numbers, fractions, decimals and percents.
The standard tasks were based on multiple-choice items regarding basic
factual knowledge and open-ended computation tasks.

Scoring. For each item, students received a score of either 1 (correct
answer) or 0 (no response or incorrect answer), and a total score ranging
from 0 to 41. Kuder Richardson reliability coefficient was o = .87.

Mathematics posttest

The authentic task

We used the Pizza task described shortly above to assess students’ ability
to solve an authentic task.

The pizza task.  Your classmates organize a party. The school will provide
the soft drinks, and you are asked to order the pizzas. The class budget is
NIS 85.00. Of course, you want to order as many pizzas as you can. Here
are proposals of three local pizza restaurants and their prices. Compare the
prices and suggest the cheapest offer to the class treasurer. Write a report
to the class treasurer in which you justify your suggestion.
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TYPE OF PIZZA PRICE PER PIZZA DIAMETER PRICE FOR

SUPPLEMENTS

PIZZA BOOM

PERSONAL PIZZA  3.50 NIS 15 4.00 NIS
SMALL 6.50 NIS 23 7.75 NIS
MEDIUM 9.50 NIS 30 11.00 NIS
LARGE 12.50 NIS 38 14.45 NIS
EXTRA LARGE 15.50 NIS 45 17.75 NIS
SUPER PIZ7A

SMALL 8.65 NIS 30 9.95 NIS
MEDIUM 9.65 NIS 35 10.95 NIS
LARGE 11.65 NIS 40 12.95 NIS
MC PIZZA

SMALL 6.95 NIS 25 1.00 NIS
LARGE 9.95 NIS 35 1.25 NIS

The Pizza Task has all the characteristics of authentic tasks described above.
The situation is most familiar to junior high school students, the mathem-
atical data is rich, and there is no ready-made algorithm for solving it.
Quite often children at this age go to restaurants that offer pizzas having
different prices, sizes, and supplements; and quite often they have to decide
what kind of pizza to choose. The Pizza Task requires the use of a variety
of sources of information (e.g., prices, size, number of supplements) and
it has many different correct solutions. The solvers have to make com-
putations, use different representations, and apply knowledge regarding
geometry, fractions and ratio.

Scoring.  Students’ responses were scored on four criteria: (a) Referring
to all data; (b) Organizing information; (c) Processing information; and (d)
Making an offer and justifying it. Each criterion was scored between 0 (no
response or incorrect response) to 5 (full correct response). Appendix 1
provides examples of the scoring.

A full correct answer regards the organizing of the information in a
table, diagram, or an algebraic expression, making a correct suggestion
based on the given information, and justifying the suggestion by explaining
one’s mathematical reasoning.

The following is a detailed description of each criterion:

Referring to all data — referring to all the relevant data in each of the three
proposals: price per pizza, price for supplements, and pizza diameter.
Organizing information — Arranging the data in a table, diagram, algebraic
expressions or any other representation.
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Processing information — Making the calculations correctly, and describ-
ing explicitly the solution process.

Making an offer and justifying it — Presenting a proper solution to the
required task, reporting the suggestions in a letter to the treasurer, giving
reasons to justify one’s choice, and maximizing exploitation of the money.
Inter-judge reliability of four categories was .90.

Standard tasks

This part included 22 standard tasks that covered the following topics:
rational numbers, identification of rational numbers on the number axis,
operations with positive and negative numbers, order of operations, and
the use of algebraic expressions. The test was composed of multiple-choice
items regarding basic factual knowledge, and open-ended computation tasks.
The following is an example of a standard task.

Osnat has 4 times more disks than Hani has. If x represents Hani’s
number of disks, write an algebraic expression that represents the number
of disks that Osnat has; If y represents Osnat’s number of disks, write an
algebraic expression that represents the number of disks that Hani has.

Scoring.  For each item, students received a score of either 1 (correct an-
swer) or 0 (no response or incorrect answer), and a total score ranging from
0 to 22. To simplify the report all scores are presented in terms of percent
correct answers. Kuder-Richardson reliability coefficient was a = .86.

Procedure

At the beginning of the school year, all students were administered the
pretest. After the pre-testing, each teacher started teaching according to
the instructional method to which she was assigned using the materials spe-
cially designed for that treatment. Students continued to study mathematics
in cooperative settings with or without metacognitive training throughout
the whole year. Students were assigned to small groups by the teachers
according to her ordinary evaluation. The present study focused, however,
only on the problem solving unit which was taught in all classrooms in
the last semester for six weeks. During these six weeks, observers ob-
served each class twice a week to ensure that each teacher implemented the
method as designed. At the end of the study, the post-test was administered
to all students.
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TABLEI

Mean scores and standard deviations on the authentic tasks, by treatment and prior
knowledge (scores are reported in terms of percent correct answers)

coop COOP+META
Lower Higher Lower Higher

achievers achievers achievers achievers
N=14 N=17 N=31 N=29

Pretest

Authentic hall task

M 41.02 51.85 46.24 55.17
SD 14.60 23.49 16.50 16.20
Posttest

Authentic pizza task (Total)

M 35717 46.11 44.03 69.31
SD 19.98 23.11 17.19 24.59
Reference to all data

M 38.46 51.12 47.10 73.81
SD 22.31 2291 21.63 23.36
Organizing information

M 26.15 33.23 34.81 56.51
SD 17.21 28.30 12.60 34.62
Processing information

M 30.76 41.11 43.20 66.21
SD 22.53 31.03 18.71 29.30
Making an offer and justifying it

M 47.71 58.81 50.96 80.71
SD 28.91 25.20 26.71 26.40

RESULTS

Authentic tasks

Table I presents the mean scores and standard deviations on the pretest
and posttest authentic tasks by treatment and prior knowledge. A two-way
Analysis of Variance (ANOVA) was performed on the authentic pretest.
One factor was the treatment (COOP, COOP+META), and the other—prior
knowledge (above or below the median). According to Table I prior to
the beginning of the study, neither the treatment main effect (F(1,87) =
0.91, p>0.05; M = 50.55; 47.31; SD = 16.79; 20.68, for the COOP+META
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TABLE I

Mean scores and standard deviations on standard tasks, by treatment and prior
knowledge (scores are reported in terms of percent correct answers)

coop COOP+META
Lower Higher Lower Higher

achievers achievers achievers achievers
N=14 N=17 N =31 N=29

Pretest standard tasks

M 54.14 88.53 51.84 84.07
SD 11.73 8.86 13.29 7.26
Posttest standard tasks

M 41.16 71.67 64.10 86.31
SD 11.32 13.86 16.58 9.11

and COOP groups respectively) nor the interaction between the treatment
and prior knowledge were significant (F(1,87) = 0.01, p>0.05). The only
significant main effect was prior knowledge (F(1,87) = 4.67, p<0.03).

Regarding the posttest a two-way (Treatment x Prior Knowledge) MAN-
OVA was performed on the four criteria of the Pizza Task simultaneously.
Results indicated significant main effects for the treatment (F(4,84) =3.21,
p< 0.05) and prior knowledge (F(4,84) = 5.01, p< 0.01), but no signi-
ficant interaction was found between the treatment and prior knowledge
(F(4,84) = 0.66, p> 0.05).

Effect-Sizes were calculated according to Cohen’s formula as the dif-
ference between the mean scores of the experimental (COOP + META)
and the control (COOP) groups, divided by the standard deviations of the
control group. According to Table I, at the end of the study, both lower and
higher achievers benefited from the metacognitive training on the three
criteria: reference to all data (Effect-Size = .39; 1.00, for lower and higher
achieving students, respectively), organizing information (Effect-Size =
.50; .82, for lower and higher achieving students, respectively), and pro-
cessing information (Effect-Size = .55; .81, for lower and higher achieving
students, respectively). On the last criterion: making an offer and justifying
it, significant differences were found for higher achievers but not for lower
achievers (Effect-Size = .11; .87, for lower and higher achieving students,
respectively).
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Standard tasks

To address the question of the differential effects of metacognitive instruc-
tion on lower and higher achievers’ solutions of standard tasks we analyzed
the data by using a 2 x 2 Analysis of Variance (ANOVA). One factor
was the treatment (COOP, COOP+ META), and the other prior knowledge
(above or below the median). Table II reports the means scores and stand-
ard deviations of the standard tasks by treatment and prior knowledge.

Results indicated that prior to the beginning of the study no signific-
ant differences were found between the two treatments on standard tasks
(F(1,87) = .09, p> 0.05). Also the interaction between the treatment and
prior knowledge was not significant (F(1,87) =0.71, p>0.05). Only the
prior knowledge main effect was significant (F(1,87) = 199.63, p<0.001).

At the end of the study, however, the main effects of the treatment
and prior knowledge were significant (F(1,87) = 40.12, p<0.0001, and
(F(1,87) = 78.96, p<0.0001, for the treatment and prior knowledge,
respectively). In addition, the interaction between the treatment and
prior knowledge was not significant (F(1,87) = 1.96, p<0.1). According
to Table II, lower and higher achievers in the COOP+ META group out-
performed their counterparts in the COOP group (Effect-Size = 1.93 and
1.06, respectively for lower and higher achievers), but the effect size was
much higher for the lower achieving students.

DISCUSSION

The present study investigated the effects of cooperative-metacognitive
instruction (COOP+ META) and cooperative instruction (COOP) on stu-
dents’ solutions of authentic and standard tasks. The findings indicated that
the COOP+ META students significantly outperformed the COOP students
on both kinds of tasks (authentic and standard). Yet, the generalizations of
the findings might be limited because of at least three reasons. First, the
sample was rather small involving only 91 students and three teachers.
Second, only two authentic tasks were used, one for the pretest and one for
the posttest. Finally, data analyses were based on paper-and-pencil meas-
urements with no observations and/or interviews. Future research may
continue to investigate the effects of metacognitive instruction on authentic
tasks by utilizing a larger sample, various types of authentic tasks, and
different kinds of measurements.

Supposing the findings are generalized, the study raises two main ques-
tions: (a) What is the role of metacognitive instruction in enhancing the
different aspects of authentic task solutions? and (b) Why did the lower
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achievers in the COOP+ META condition outperform their counterparts
in the COOP condition on three criteria: reference to all data; organizing
information and processing information, but not on making an offer and
Jjustifying it?

THE ROLE OF METACOGNITIVE INSTRUCTION IN ENHANCING THE
SOLUTION OF AUTHENTIC TASKS

According to Lester (1994) “good problem solvers know more than poor
problem solvers and their knowledge is well connected and composed of
rich schemata. Good problem solvers tend to focus their attention on struc-
tural features of the problems, poor problem solvers on surface features.
Good problem solvers are better than poor problem solvers at monitor-
ing and regulating their problem solving efforts.” (p. 665). According to
Hegarty, Mayer and Monk (1995) good problem solvers use a different
approach than poor problem solvers: Whereas good problem solvers con-
struct a model of the given problem on the basis of all the information
given in the problem text, poor solvers translate the key words given in the
problem text directly into the mathematical operations that the key words
usually prime without considering other information given in the text.
Being trained to reflect on their problem solving processing probably
led students to focus on the structural features of the task as well as on
all the information given in the task. The metacognitive self-addressed
comprehension questions (e.g., “what is the problem all about?”’) prob-
ably guided students to look for all the relevant information, distinguish
between the relevant and irrelevant information and comprehend the entire
task rather than parts of it. Also the connection questions (e.g., “How is
this problem/ task different/similar from what you have already solved?”)
might lead students to pay attention to all the information and the structure
of the given task. Therefore, there is reason to suppose that being trained to
use the self-addressed questions resulted in students’ references to all the
variables and data given in the task. Support for this hypothesis comes from
the fact that the mean score of the COOP+ META students on “reference
to all data” was higher than that of COOP students (M = 60.01 and 45.02;
SD = 26.04 and 23.20 for COOP +META and COOP students respect-
ively). Appendix 2 provides an example of how a COOP+ META student
referred to all the information given in the text by offering a combination
of all kinds of pizzas. In contrast, none of the COOP students suggested a
similar offer. Instead, the COOP students referred partially to one kind of
pizza or compared one kind of pizza to another (e.g., “I prefer the Pizza
Boom because we have 24 children in the class, so I can give exactly each
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child one personal pizza. 3.5*24 = 84”). This example shows also that the
COOP students used rather simple strategies based only on multiplication
of the numbers, whereas the COOP+ META students carried out multiple
operations.

The findings further showed that the metacognitive students were also
better able to reorganize and process given information than their counter-
parts in the non-metacognitive condition. This is probably due to the fact
that the metacognitive instruction trained students to think which strategies
are appropriate for solving the task and why. By doing so, students sugges-
ted different kinds of representations, compared the strategies, and ana-
lyzed the pros and cons of each strategy.

Finally, the findings indicated that the COOP+ META students were
better able to justify their reasoning than their counterparts in the cooper-
ative condition who were also encouraged to discuss their mathematical
ideas and be involved in the mathematical discourse that took place in the
small group. This finding indicates that studying in cooperative settings
is not sufficient for enhancing mathematical discourse, and that students’
interaction in the small group has to be structured in order to ensure that
all students would indeed be involved in justifying their reasoning. This
finding is in line with the studies of Symons and Green (1993) and Webb
(1991) who showed that asking students to answer why questions dur-
ing the solution processes of standard problems helped them elaborate
and retain information. As students explain and justify their thinking, and
as they challenge the explanations of their peers and teachers, they are
also engaging in clarifying their own thinking and becoming owners of
“knowing” (Lampert, 1990). The comprehension questions, the connection
questions, the strategic questions and the reflection questions all guided
students to reflect on their own and their peers’ solutions and solution
processes. Without using these metacognitive questions the mathematical
discourse was rather dull.

The use of connection questions needs further consideration. Since the
metacognitive instruction was employed during the studying of standard
tasks, whereas the effects of the methods were assessed on authentic tasks
to which students were exposed only in the testing periods, it is possible
that the metacognitive connection questions do not only give cognitive
tools to students for solving complex tasks, but also strengthens students’
self-confidence in approaching new kinds of tasks. An indirect support
for this hypothesis comes from the fact that 65% of the cooperative-meta-
cognitive (COOP+ META) students compared to only 38.7% of the co-
operative (COOP) students approached the authentic tasks. Thus, using
the metacognitive questions, and in particular the connection questions,
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probably gave students the confidence to try and cope with the authentic
tasks.

Another claim suggested for explaining the findings is that the posit-
ive effects of the metacognitive instruction were due to the fact that the
COOP+ META participating teachers felt more engaged in the experi-
ment. This claim should be rejected for two reasons. First, all teachers
were told that they participate in a study that tries out new materials on
problem solving. Second, all teachers implemented the methods regularly
in their mathematics classrooms and therefore there is no reason to sup-
pose that they were affected by Hawthorn effects. Furthermore, the very
fact that these teachers used the methods regularly in their mathematics
classrooms may point to the lasting effects of the methods beyond the
experimental period during which teachers often receive assistance from
mentors, researchers or other experts.

Although we do not have “hard data” on the “teaching quality” of the
participating teachers, the fact that no significant differences were found
between the conditions prior to the beginning of the study, and the fact that
the teachers have the same level of education, similar years of experience,
and three years of experience in implementing the specific method they
used in the present study, allows us to think that the measured differences
were due to the designed teaching program.

THE DIFFERENTIAL EFFECTS OF METACOGNITIVE INSTRUCTION ON
LOWER AND HIGHER ACHIEVERS

Although both lower and higher achievers benefited from the metacog-
nitive instruction, refine analyses indicated different effect-sizes for lower
and higher achievers. Whereas effect-sizes of lower achievers were sig-
nificant on: reference to all data; organizing information and processing
information, the Effect-Size on making an offer and justifying it was not
significant. Also with regard to standard tasks, the effect size shows much
larger for lower than higher achievers.

Why did not lower achievers in the cooperative-metacognitive (COOP+
META) condition perform significantly better on drawing a conclusion and
Justifying it than their counterparts in the cooperative setting? It is possible
that many of the lower achievers in mathematics have also difficulties in
expressing their ideas in writing, and thus could not clearly justify their
reasoning. It is also possible that the metacogntive instruction was not
intensive enough to lead lower achievers to make conclusions based on
all the information given in the task and on the computations they per-
formed. Since lower achievers in the cooperative-metacognitive condition
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(COOP+ META) performed significantly better on standard tasks than stu-
dents in the cooperative condition, it is possible that COOP+ META lower
achievers had the knowledge but could not integrate it in order to draw
a conclusion and justify it. Yet, as indicated above, the small number of
participants does not allow us to generalize the findings. Future research
may address this issue.

The finding regarding the effects of COOP+ META on lower and higher
achievers’ solutions of standard tasks extends previous findings (Cardelle-
Elawar, 1995; Fuchs, Fuchs, Hamlett and Karns, 1998; Mevarech, 1999;
Mevarech and Kramarski, 1997). In all these studies lower achievers who
learned to activate metacognitive processes were better able to solve stand-
ard problems than students who were not exposed to metacognitive instruc-
tion.

Implications and future research

The findings of the present study raise several questions for further re-
search. First — no formal observations were conducted in this study. Thus,
the quality of group interactions under the different conditions is not known.
It would be particularly interesting to examine how lower and higher achiev-
ers interact with each other under the different cooperative conditions.

Second, the present study investigated the differential effects of the
treatments on lower and higher achievers. The effects of the methods on
middle achieving students is not known at present. Quite often middle
achievers “fall between the chairs”: they do not get the same attention as
lower achievers, and they do not have the knowledge and skills as higher
achievers. Thus, it would be interesting to investigate the differential ef-
fects of the methods on middle achieving students. Unfortunately, the small
number of participants does not allow us to divide the sample into lower,
middle, and higher achievers. This issue merits future research.

Finally, these findings also call for the design of additional learning
environments based on similar components. The extent to which the meta-
cognitive questions used in the present study are appropriate also for chil-
dren at different grades or for different mathematical topics is not known
at present and may be investigated in future research.

Assuming that these findings generalize to other settings, the study
suggests several important practical implications. The study shows that
there is a need to structure learning in small groups, and that features of
discourse such as giving reasons must be practiced and reinforced (Webb,
1991; Webb and Farivar, 1994; Cohen, 1996; Mevarech and Kramarski,
1997).
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Furthermore, the norms for enhancing mathematical authentic tasks in
high-school classrooms are not well developed. One of the challenges
that mathematical education faces is to select and develop “worthwhile
problems” for the lower and higher achievers. “Regardless of the con-
text, worthwhile tasks should be intriguing, with a level of challenges
that invites speculation and hard work” (NCTM, 2000, p. 19). Such prob-
lems can promote students’ conceptual understanding, foster their ability
to reason and communicate mathematically, and capture students’ interest
and curiosity (NCTM, 2000).

At present, many state proficiency tests and international examinations
(e.g., TIMSS-1999 or PISA-2000 administered by OECD-2000 countries)
include authentic tasks that ask students to explain their reasoning in writ-
ing. To acquaint students with such tasks, teachers may prepare guidelines
and ask students to score one another’s reasoning by using the guidelines
and activating metacognitive processes. Furthermore, researchers in the
area of mathematics education may design “item banks” that include au-
thentic tasks that challenge students to provide explanations.

APPENDIX 1:

Examples for scoring the pizza task.

Example 1:

I think that we have to buy a large pizza at the “SUPER PIZZA”. We can
buy 7 super pizzas and it will cost NIS 81.55. T will divide every pizza
into 8 pieces and it will be enough for 56 children. We will not order
supplements. We will be left with NIS 3.45 I think that we should buy
that pizza.

Scoring:

1. Reference to all data: The student referred to only one of the proposals
— score 1.

2. Organizing information: The student did not use any representation to
present his calculation or conclusion — score 0.

3. Processing information: The calculations are correct, but the student
did not write explicitly the solution process — score 3.

4. Making an offer and justifying it: The student wrote his choice (“we
have to buy a large pizza”), but he did not justify it nor did he compare
his conclusion to other possibilities (e.g., “we will not order supple-
ments”) — score 3.

Total score: 7
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Example 2:
PIZZA BOOM
Type of pizza1 Number of  Total number  Price per  Price
pizzas2 of personal pizza4 to pay5
pieces3
Personal pizza 85:3.5~24 24 35 84
Small: 4 pieces per pizza 85:6.5~13 13*4=52 6.5 84.5
Medium: 6 pieces per pizza  85:9.5~9 9%6 =54 9.5 85.5
Large: 8 pieces per pizza 85:12.5~7  7*8=56 12.5 87.5
X-Large: 10 pieces per pizza  85:15.5~5 5*10=50 16.5 71.5

4 1 calculated the number of pizzas® I could buy for NIS 85 and then multiplied the results

with the number of pieces we have in each pizzal and I got the total number of personal

piec:es3 .

Note?: The student explained how he calculated, approximately the number of pizzas2 he

could buy for NIS 85 and how he got the number of personal pieces3. We can also see from

the table that he multiplied the number of pizzas2 by price per pizza4 and got the total price

to pay>.
SUPER PIZZA
Type of Number of  Total number of Price per  Price
pizza pizzas personal pieces  pizza to pay
4 small 85:8.65~10  10*4 =40 8.65 86.5
6 medium 85:9.65~9 9*6 =54 9.65 86.85
8 large 85:11.65~7  7*8=56 11.65 81.55
MC PIZZA
Type of Number of  Total number of Price per  Price
pizza pizzas personal pieces  pizza to pay
4 small 85:6.95~12 12*4=48 6.95 83.4
8 large 85:9.95~8 8*8 =64 9.95 79.6
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Dear Class Treasurer,

The results of my calculations:

The best pizza for us to buy is from MC Pizza. We can buy 8 large pizzas
(it means big diameter), and in each one 8 pieces. We get 64 pieces and
have to pay only NIS 79.6

Small Medium Large big diameter
(most worthwhile)

4 pieces 6 pieces 8 pieces

Scoring:

1. Reference to all data: The student referred to the class budget (NIS
85) and to the data of the three proposals. But he did not refer to the
diameter of the pizza and the price for supplements — score 3.

2. Organizing information: The student used various representations: table,
diagrams of pie and verbal explanations — score 4.

3. Processing information: The calculations are correct and the student
wrote clearly the solution process — score 5.

4. Making an offer and justifying it: The student explained his choice and
justified his reasoning — score 5.

Total score: 17
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APPENDIX 2:

Example of a mixed offer based on a combination of all types of the pizza’s
prices and supplements (given by a student under the metacognitive con-

dition).
PIZZA BOOM -
Medium - 9.5
Large — 12.5
Extra Large — 15.5
Total — 37.5
SUPPER PIZZA -
Medium - 9.65
Large — 11.65
Small - 9.95
Total - 32.15
MC PIZZA -
Large — 9.95
Personal from Pizza Boom — 35
Supplement for 2 small Pizzas — 2
Total — 1545

37.5+32.15+15.45=85.1
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