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The Center

The mission of the Center for Research on Elementary and Middle Schools is 1o
produce useful knowledge about how elementary and middie schools can foster growth in
students' learning and development, to develop and evaluate practical methods for
improving the effectiveness of elementary and middle schools based on existing and new
research findings, and to develop and evaluate specific strategies to help schools imple-
ment effective research-based school and classroom practices.

The Center conducts its research in three program areas: (1) Elementary Schools; (2)
Middle Schools, and (3) School Improvement.

The Elementary School Program

This program works from a strong existing research base to develop, evaluate, and
disseminate effective elementary school and classroom practices; synthesizes current
knowledge; and analyzes survey and descriptive data to expand the knowledge base in
effective elementary education.

The Middle School Program

This program's research links current knowledge about early adolescence as a stage
of human development to schnol organization and classroom policies and praciices for
effective middle schools. The major task is to establish a research base to identify spe-
cific problem areas and promising practices in middle schools that will contribute to
effective policy decisions and the development of effsctive school and classroom prac-
tices.

School improvement Program

This program focuses on improving the organizational performance of schools in
adopting and adapting innovations and developing school capacity for change.
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This report, prepared by the External Faculty Project of the Elementary School Pro-
gram, presents the results of a comparison of the use of heuristic problem-solving strat-
egies in math under individual, group, and cooperative learning conditions.




Abstract

This study examined the use of heuristic problem-solving stratzgies in math by seventh-
graders under three different conditions: working individually, working in groups, and working
as cooperative teams. No significant differences were found for the three conditions over a five-
week experimental period on a problem-solving post-test, but students in all three conditions did
significantly outperform a control group which did not receive instruction in using heuristic prac-
tices and which did not concentrate as much on problem solving. Thus the study implies that
student use of heuristic problem-solving strategies in itself may be effective in various instruc-

tional contexts.



Introduction

In recent years, mathematics educators have increasingly focused their attention on
math problem solving, defined here as the set of actions taken to perform tasks for which
there is no readily available algoﬁthm (Lester, 1980). Findings of the National Assessment
of Educational Progress indicate that students are less able to solve complex, non-routine

problems than to solve those presented as simple computations.

Research on problem-solving has identified heuristic strategies that good prcblem-sol-
vers use (e.g., Silver, 1985; Polya, 1957, 1965). Several innovative problem-solving curric-
ula present geiceric strategies such as “construct a table or picture,” "guess and check,"
"organize facts," and "find a pattern" (e.g., Dolan and Williamson, 1983; Szetela, 1982).
Thcse strategies are derived from studies based on the work of Polya (1957), who proposed
a four-step process for problem solving: understanding the problem, devising a plan to solve
it, carrying out the plan, and "looking back," that is, reviewing the whole process to deter-
mine whether the answer makes sense, relative to the original question. However, few eval-
uations of these strategy training approaches have been made, and little consensus has been
developed on how to teach them. Studies have more ofien examined characteristics of the

learners, tasks, overt and covert processes than pedagogical methods.

Both thoughtful analysis of the social aspects of learning and research on strategies
effective in other subjects and in other aspects of mathematics suggest that working in small
groups ought to operate powerfully in developing math problem-solving skill. For example,
Noddings et al. (1983) presented a theoretical rationale based primarily on Vygotsky's work

(1978). In discussing problems with peers, students are likely to "examine their owr beliefs
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and strategies more closely and to discard those that are clearly untenable" (p. 13). Further,
groups are able to supply their members with missing background information and help one
another engage in cognitive elaboration (Silver, 1985). Explaining concepts to others has

been known to enhance the understanding of the concepts by the explainer (Webb, 1985).

However, as compelling as the rationale appears, research on this instructional format
has not been conclusive, at least in elementary and secondary schools (Davidson, 1985). For
the most part, students who solve problems in small groups perform at about the same lcvei
on individual assessments of problem-solving ability as do students who studied the same

material individually (e.g., Johnson and Waxman, 1985).

Review of previous research reveals three factors indicating that further-study of the
effects of working in small groups on competence in math problem solving is warranted.
First, cooperative learning -- a strategy based on working in small groups -- has been dem-
onstrated 1o be consistently more effective than traditional instruction in stimulating
achievement in math computation (Slavin, Leavey, and Madden, 1984; Slavin, Madden, and
Leavey, 1984; Slavin and Karweit, 1984). Second, the achievement effects of the forms of
cooperative learning found to be successful in mathematics have been traced to the influence

of two elements: group goals and individual accountability (Slavin, 1983a, b).

In successful group strategies, students received recognition or other rewards based on
the individual learning of every member of the group. This is in contrast to the procedures
used in less successful strategies in which groups worked together to solve a single group,
problem and may or may not have received rewards or recognition as a group (e.g., Peter-
son, Janicki, and Swing, 1981; Peterson and Janicki, 1979; Robertson, 1982). These proce-
dures were also characteristic of many earlier studies of cooperative learning which did not
employ group rewards in support of problem-solving performarce (Davidson, 1985). Third,
most of the cooperative learning studies have focused more on instruction in computation

than on problem-solving.




In the study reported here, use of cooperative learning with group goals and individual
accountability in lessons focused on math problem-solving was investigated. The purpose
of the study was to determine whether combining an approach to problem-solving based on
heuristic strategies with any of three instructional methods would generate improved
achievement and whether any particular combination would produce significantly different

results.
Method

Subjects. The subjects in this study were 578 seventh-grade students in 19 classes
taught by 8 teachers in one northern Maryland school district. Five middle schools were
involved, drawing from a small city and three small towns in farming communities. Almost
all students were white and were academically labelled "on-grade" or "enriched" -- i.e., of
average ability, neither remedial nor advanced. The teachers volunteered to participate and

agreed to have classes randomly assigned to treatments.

Treatments. Three instructional models were used. In all three, lessons began with
wari.-up drills, based on the skills tested in the Maryland Functional Math Test. This was
foilowed by systematic presentation of the heuristic strategy being taught. In Treatment A,
direct instruction, presentation was followed by individual student practice of problems like
those in the presentation, followed by individual testing. In Treatment B, team practice,
presentation was followed by practice in small, mixed-ability groups, followed by individual
testing. In Treatment C, student team learning (STL), presentation was followed by practice
in small, mixed-ability teams, followed by individual testing and recognition of team
achievement gains. Students in the team practice and STL treatments were given instruction
in group process skills and support for using those skiils. Only in the STL treatment did stu-

dents earn recognition for average team improvement, rather than for individual success.

Seventeen intact classes, taught by seven teachers, were randornly assigned to the three



treatments. Six of the teachers had more than one participating class; random assigrment

stratified by teacher resulted in all six using two or more different treatments.

Classes used the same curriculum materials, adapted by the teachers from the work of

Szetela (1982), and the same warm-up drills and homework assignments.

The curriculum emphasized teaching problem-solving heuristics, such as making a
table, guessing and checking, and finding a pattern. All experimental classes participated
for 20 teaching days, over a period of about five weeks in April and May, 1988. Two addi-
tional classes taught by another teacher constituted the control group, which used the regular

district math text (in which problem-so'ving strategics we:e integrated into each chapter).

Preparation for the study involved several stages. In early March, teachers were
released to participate in a day of training. They reviewed the proposed curriculum materi-
als and the three instructional methods. Their classes were assigned to various treatments.
In mid-March, about two weeks before beginning work on the heuristics unit, teachers intro-

duced the instructional methods to the class.

In Treatment A, the direct instruction format was familiar to all. For the team practice
and STL classes, however, some procedures were new and had to be learned by teachers and
students. Working with the regular curriculum, teachers introduced the practice format and
worked on team-building. STL classes began earning the certificates and recognition associ-
ated with cooperative learning formats. In early April, the teachers reported that the pro-
posed curriculum reeded to be adjusted to meet the needs of their students. They made revi-
sions accordingly, to produce a version of the unit that preserved the essential lessons within
a simplified presentation scheme. In mid-April, after spring break, all teachers began using
the heuristics curriculum and taught continuously for 20 school days, about five weeks
elapsed time. In mid-May, all teachers administered the post-test. (Within-unit tests and the

post-test were scored by teachers and became the basis for regular grades. The post-tests



were then collected and scored independently by the researchers to assure common stan-

dards for analysis of outcomes.).

Curriculum materials were provided for all students. The materials included warm-up
problem sets emphasizing functional math skills, problem-solving lesson pages and practice
problem sets, and homework problems tied to the lesson. Specially written tests were devel-
oped to assess student progress throughout the study. Teachers were given lesson guides

and answer keys, as well as supplies to produce their own materials as needed.

Teachers were observed in each of their designated classes during the study to evaluate
implementation. The observer was familiar with the heuristic strategies and the three meth-

ods. She was used by the teachers as problem-solver and coach.

The control group studied problem-solving as a topic integrated into the regular math
curriculum. They took the post-test at the same time as students in the experimental groups,

in mid-May.

Measures. For purposes of this study, a post-test based on the heuristic strategies in the
experimental curriculum was administered to all students. In addition, fall and spring scores
on the Maryland Functional Math Test (MFMT), routinely administered to all seventh grad-
ers in the district, were collected. The MFMT includes problem-solving, but does not high-
light it. The Fall MFMT score established the relative entering achievement levels of stu-

dents in each class.
Results

Post-test problem-solving scores were converted to z-scorcs, statistically adjusted for
Fall MFMT scores, and then used in individual-level analysis of variance. Not surprisingly,
students in all three treatments scored significantly better on the problem-solving post test

than did those in the untreated control group. However, thcre were no significant differ-



ences among the three experimental treatments. (See Table 1.)
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Table 1: Adjusted Post-Test Scores in Problem Solving (PS)

Treatment Group Adjusted Score Standard Deviation
PS Direct Instruction 0.03 0.85
PS Team Practice 0.17 0.83
PS8 Student Team Lrng 0.08 0.8%5
Regular Curriculum -0.70 0.83

Differences between problem solving and regular curriculum
groups are significant bayond the 0.001 leval., Differences
among problem-solvi.g groups are not significant.
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Discussion

The results of this study suggest that teaching problem-s:>.ing heuristics does increase
the problem-solving abilities of seventh graders. However, neiiher the team practice nor the
student team learning strategy added to the effectiveness of direct instruction in use of heu-
ristics. This finding is in line with Davidson's (1985) conclusion that for math problem-
solving, cooperative learning has been shown to be neither more nor less effective than more

traditional methods.

However, several aspects of this study may have contributed to a failure to find signifi-
cant differences among the treatments. First, it seems likely that the absence of significant
differences in achievement outcomes may in this case simply reflect inadequate differentia-
tion among treatments. Working with a new set of lessons for the first time, teachers
seemed preoccupied with the challenge of interpreting the content to students. They did not
seem to implement the three treatments with the kind of fidelity that was needed to create
three significantly different learning situations that might have resulted in significantly dif-

ferent outcomes,
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Despite » *wo-week warm-up period in which to accustom them to the general structure
of their designated treatment, students took some time to learn to function effectively in the
team practice and STL situations and teachers took some time in finding ways to coach them
in group skills. Observer notes record two findings of interest: early visits were character-
ized by lots of teacher questions on implementation; and early lessons in every treatment
consisted mostly of teacher-directed presentation and practice. The teachers showed in
many ways that they were willing to implement the research design faithfully and eager to
see how different strategies worked, but apparently needed more lead time than was pro-
vided to develop effective instructional support for the team practice and STL treatments,

which were new to them.

Furthermore, early in the study teachers using the direct instruction model with individ-
ual practice mentioned that their students did use each other as resources when trying to
solve hard practice problems. If most of the tcachers were spending most of their time on
the presentation and guided practice components and were struggling to master the new
skills involved in using team practice or team recognition, and many of the students in the
direct instruction groups were in effect practicing with peer assistance, then few differences
in outcomes might be observed among treatments. As actually implemented, the treatments

may not have been sufficiently different to generate different outcomes.

Second, the students in all treatments performec signiiicantly better than control stu-
dents, which might imply that using heuristics with any good method is better than using
approaches to teaching problem-solving without heuristics. However, the control students
were taught by one teacher who was not devoting class time exclusively to teaching prob-
lem-solving by any method. Thus it is possible that the significantly lower scores on the
problem-solving test simply reflect that teacher's ineffectiveness or the ineffectiveness of
teaching problem-solving within the context of other math topics, rather than in a concen-

trated dose. However, the students in the control group were among the highest in entering
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achievement and had been exposed to similar strategies throughout the year -- evidently they
had the wit and the opportunity 1o learn, but they did not learn. Though the study cannot be
said to prove beyond a doubt that tne heuristic approach is relatively more powerful than

others, it does suggest some effectiveness.

Finally, there is the response of the teachers to the questions and potential solutions
raised by the study. In meetings during the period of implementation, teachers reported that
in their team practice and STL classes they were hearing students actually talk to each other
about math problems. Though as a group they had the usual range of reservations about try-
ing a new teaching strategy, teachers were impressed by student reactions to teamwork.
Furthermore, teachers frequently commented on the changes they observed in student atti-
tudes toward problem solving as the weeks passed. They seemed to feel that students were
investing more in learning to become problem solvers. Students appeared to attack word

problems more hopefully as well as more effectively.

When the study ended, they wrote a proposal and won a grant to work with the district
math supervisor to expand the curriculum and coach their peers in its use. The new cutricu-
lum was designed to require the student team learning format, which they decided was best
suited for teaching math prot :m-solving, even though they had found it harder to start up
the STL activities than they had anticipated. Their work is now part of the regular math cur-

riculum.

Such anecdotes cannot be construed as evidence of success -- too many novel and
appealing programs are adopted for their charms rather than their merits. However, they add
to the support for raising the questions of this study in a context free from some of its limita-
tions. Data that more clearly illuminate the issues might be generated in a replication that
improves implementation in several ways. Among the most important improvements might
be to train teachers long enough and observe teachers often enough to assure that they are
skillful in treatment procedures well before they introduce the experimental lesson content.

8
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Conclusion

Considerable evidence has demonstrated that in many areas of the curriculum, among
them math coinputation, students learn more and feel better about themselves and their com-
petence in cooperative leaming situations. The evidence in the area of math problem-solv-
ing has not been compelling, however -- neither cooperative learning nor any other strategy
has shown consistent, positive effect. While the results of this study do not provide the
missing evidence about how to promote more competence in math problem-solving, they do
provide some insight into where the evidence might be. The questions of the study remain
unanswered -- but they also remain important. Research that transcends this study's limita-

tions in addressing those questions can make a critical contribution to math education.
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