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Cooperative Versus Competitive Efforts and 
Problem Solving 

Zhining Qin 
David W. Johnson 
Roger T. Johnson 

University of Minnesota 

The impacts of cooperative and competitive efforts on problem solving were 
compared. In order to resolve the controversy over whether cooperation 
promotes higher- or lower-quality individual problem solving than does 
competition, 46 studies, published between 1929 and 1993, were examined. 
The findings from these studies were classified in 4 categories according 
to the type of problem solving measured: linguistic (solved through written 
and oral language), nonlinguistic (solved through symbols, math, motor 
activities, actions), well-defined (having clearly defined operations and 
solutions), and ill-defined (lacking clear definitions, operations, and solu
tions). The 63 relevant findings that resulted were subjected to a meta-
analysis for purposes of integration. Members of cooperative teams outper
formed individuals competing with each other on all 4 types of problem 
solving (effect sizes = 0.37, 0.72, 0.52, 0.60, respectively). These results 
held for individuals of all ages and for studies of high, medium, and low 
quality. The superiority of cooperation, however, was greater on nonlinguis
tic than on linguistic problems. 

There is general agreement that cooperative efforts are more effective than are 
competitive efforts for completing lower-level tasks, such as those involving motor 
skills, decoding, and recall of factual information (D. W. Johnson, Maruyama, R. 
Johnson, Nelson, & Skon, 1981; Qin, 1992; Slavin, 1983). There are, however, 
conflicting opinions about the effectiveness of cooperative efforts for completing 
higher-level tasks such as problem solving. Some research supports the argument 
that cooperative efforts are more effective than competitive efforts for higher-level 
tasks (D. W. Johnson et al., 1981; Miller & Hamblin, 1963; Stodolsky, 1984), 
whereas other studies support the argument that cooperative efforts are less effective 
than competitive efforts for higher-level tasks (Okebukola & Ogunniyi, 1984; Rich, 
Amir, Ben-Ari, & Mevarech, 1985; Rogan, 1988; Ross, 1988). The purpose of 
this study is to determine the relative impact of cooperative and competitive efforts 
on problem-solving success. 

There are a number of possible explanations for the conflicting conclusions 
of researchers about the relative impact of cooperative and competitive efforts 
on problem solving. In cooperative situations, individuals perceive that they can 
reach their goals if and only if the other group members also do so; in competitive 
situations, individuals perceive that they can reach their goals if and only if the 

129 

 by Sandra Hopps on October 15, 2008 http://rer.aera.netDownloaded from 

http://rer.sagepub.com


Qin, Johnson, and Johnson 

other participants cannot attain their goals (Deutsch, 1962; D. W. Johnson & R. 
Johnson, 1989). The first explanation is that different researchers defined problem 
solving differently. The results, therefore, could be quite different because the 
studies were in fact measuring different things. From a cognitive point of view, 
problem solving can be defined as a cognitive process that involves (a) forming 
an initial representation of the problem (i.e., an external presentation of the 
problem is encoded into an internal representation). ( b ) planning potential 
sequences of actions (i.e., strategies, procedures) to solve the problem, and (c) 
executing the plan and checking the results. In this meta-analysis, the operational 
definition of problem solving in each study was carefully checked to ensure that 
it included this cognitive process. 

The second possible explanation for the conflicting findings is that different 
types of problems were used in the studies. Cooperation and competition may 
each be more effective than the other for certain types of problems. Major 
dimensions along which problems vary are (a) the way in which they are presented 
and (b) the extent to which they are defined. There are two ways problems 
may be presented: verbally (linguistically) and nonverbally (nonlinguistically). 
Linguistic problems are primarily represented and solved in written or oral lan
guages. Nonlinguis ic problems are primarily represented and solved in pictures, 
graphs, mathematical formulas, symbols, motor activities, materials, or actions 
in real situations. The cognitive processes used to solve linguistic problems are 
quite different from the cognitive processes used to solve visual perception 
problems, and may even require that different parts of the brain be used (Glass & 
Holy oak, 1986). It may be that cooperative efforts, with their reliance on oral 
discussion and exchange of ideas, will be more effective than competitive efforts 
for one type of problem, but not for another, and vice versa. 

Well-defined problems have a clearly specified goal and representation. Their 
operational rules are clearly constructed, and once the operation steps are identi
fied, the problem can be solved. The most obvious examples of well-defined 
problems are mathematics and chess problems. Ill-defined problems are those 
for which there is uncertainty concerning the operational procedures and the 
goals of the problem. When people decide to paint pictures, write books, or 
perform experiments, they are undertaking ill-defined tasks. Virtually all real-
life problems are ill-defined. Well-defined and ill-defined problems are solved 
much differently and, therefore, it may be that cooperative efforts are more 
effective than competitive efforts with one but not the other, and vice versa. 

The third possible explanation for the conflicting findings is that investigators 
assessed different aspects of cooperation and competition when evaluating the 
effectiveness of each. Some investigators focused on structural aspects and other 
investigators focused on cognitive aspects. 

The fourth possible explanation for the conflicting findings is that some of 
the studies involved children and others involved adults. It may be the age 
differences between participant populations that explains the conflicting results. 

Finally, the conflicting findings may be explained by the methodological quality 
of the studies. If the simple criteria of randomly assigning subjects to conditions, 
having a well-defined and unambiguous control condition, controlling for experi
menter and task effects, and verifying that the experimental and control conditions 
were appropriately implemented are not met, then there is considerable ambiguity 
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as to what is affecting productivity. Some studies were well conducted and 
other studies had methodological flaws. Well conducted studies may have found 
different results from those of poorly conducted studies. 

The large number of studies in this area made the use of meta-analysis ideal 
(Glass, McGraw, & Smith, 1981; Hedges & Olkin, 1985; Hunter, Schmidt, & 
Jackson, 1982). A meta-analysis of the available research studies was conducted 
to try to reconcile the conflicting findings found in the research literature compar
ing the relative effects of cooperative and competitive efforts on problem solving. 

Methods 

Independent Variables 

The first independent variable was cooperation versus competition. Coopera
tion was operationally defined as the presence of joint goals, mutual rewards, 
shared resources, and complementary roles among members of a group. Competi
tion was operationally defined as the presence of a goal or reward that only one 
or a few group member(s) could achieve by outperforming the others. All studies 
in this analysis focused on competition among group members, not competition 
between groups. 

The second independent variable was type of problem-solving task. Problem 
solving was operationally defined as a process that required participants to form 
a cognitive representation of a task, plan a procedure for solving it, and execute 
the procedure and check the results. Each problem-solving task was coded twice. 
First, it was determined whether the problem was linguistic or nonlinguistic. 
Second, it was determined whether the problem was well-defined or ill-defined. 
Researchers sometimes investigated different types of problem solving in one 
study. In these cases, different codes were given to different types of problem 
solving, and the results reported in one study were sorted by the types of problem. 
Then a separate effect size was calibrated for each type of problem solving. In 
one study, therefore, there may be more than one effect size reported if different 
types of problems were included in the study. 

Additional independent variables included age of participants (to determine 
whether this influenced findings), year of publication (to determine whether the 
historical decade influenced the results found), duration of research study (to 
determine if short-term and long-term studies resulted in different findings), and 
methodological quality of study (to determine if well conducted and poorly 
conducted studies resulted in different findings). The participants in the research 
studies included in the meta-analysis were categorized in two age groups: younger 
(preschool, primary school, and intermediate school students) and older (junior 
high students, senior high students, college students, and adults). Year of publica
tion was operationalized by decades, and duration of research study was operation-
alized by the length of time the study lasted. Operationalizations of cooperation 
were classified as pure (both in-group and intergroup cooperation) or mixed (such 
as in-group cooperation and intergroup competition). 

The methodological shortcomings found within many research studies reduced 
the certainty of the conclusions reached. If the findings of a study are to inspire 
confidence, that study must meet certain criteria for methodological adequacy. 
Methodological quality of study was defined by rating each study on five vari-
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ables. The first is the level of randomization used to assign subjects to conditions. 
Studies were rated on a 4-point scale as to whether (a) individuals were randomly 
assigned to conditions. ( b ) groups were randomly assigned to conditions and 
used as the unit of analysis. ( c ) groups were randomly assigned to conditions 
and subjects were used as the unit of analysis, or (d) there was no random 
assignment at all. The second variable is the clarity of operationalization of the 
control condition. Studies were rated on a 3-point scale on the degree to which 
the control condition was well-defined. (Many studies had a "mystery" control 
condition, such as "traditional instruction.") Third, studies were rated on a 3-
point scale as to whether experimenter effects were controlled for by rotating 
experimenters or teachers across conditions. Fourth, studies were rated on a 3-
point scale as to whether curriculum effects were controlled for by using the 
same curriculum in all conditions. Fifth, studies were rated on a 3-point scale 
as to whether the adequacy of the implementation of the experimental and control 
conditions was verified. In order to determine the most accurate estimate of the 
relationship between social interdependence and problem solving, each study 
was carefully analyzed for methodological adequacy and given a rating on the 
basis of these five design characteristics. Each study could receive a score ranging 
from 5 to 16, depending on its methodological quality. In order to directly compare 
the effect sizes of high- versus low-quality studies, studies were classified as 
being of high, medium, or low quality. Studies with overall scores of 5 to 8 were 
classified as low-quality studies, studies with scores of 9 to 11 were classified 
as being of medium quality, and studies with scores of 12 to 16 were classified 
as high-quality studies. 

Dependent Variable 

The dependent variable was the size of the effect when cooperative and competi
tive efforts were compared on the basis of their effectiveness for individual 
performance on problem-solving tasks. 

Me a-Analyîic Procedure 

Meta-analysis is a method of statistically combining the results of a set of 
independent studies that test the same hypothesis and using inferential statistics 
to draw conclusions about the overall result of the studies (Glass et al., 1981; 
Hunter et al., 1982). The essential purpose of meta-analysis is to summarize a 
set of related research studies so that the size of the effect of the independent 
variable on the dependent variable is known. 

The data for the meta-analysis was gathered by searching the literature, select
ing the studies, quantifying and synthesizing the research findings, and statistically 
analyzing the results. First, an extensive and thorough search for all published 
and unpublished studies investigating the relative benefits of cooperation and 
competition was conducted. Every attempt was made to locate all relevant studies. 
The sources that were searched were the Educational Resources Information 
Center (ERIC) database, Psychological Abstracts (PA), Dissertation Abstracts 
International (DAI), and the Social Sciences Citation Index (SSCI). Out of the 
over 800 studies located comparing cooperation and competition, only 45 were 
found to have usable findings on achievement on problem-solving tasks. In some 
studies multiple problem-solving tasks were included and, therefore, 63 relevant 
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findings resulted. The 63 findings of the 45 studies were classified into a common 
framework. Four judges independently read each article. Three of the judges 
were graduate students working on doctorates in educational psychology. The 
fourth was a professor of psychology. The interrater reliability was 94% using 
the ratio of agreements to coded occurrences. Furthermore, one judge double-
checked the calculations of the effect sizes on every study. 

The findings were transformed into effect sizes. The formula used to compute 
the effect sizes may be found in Hedges and Olkin (1985). To modify the 
difference between the large and small sample sizes, a weighted mean of the 
effect sizes in each study was calculated in order to give more weight to the 
more precise estimates when pooling (Hedges & Olkin, 1985). To control for a 
possible bias resulting from studies with multiple measures of achievement on 
a single problem-solving task, each finding was weighted inversely proportionally 
to the number of findings from that study for the same problem-solving task. 
This resulted in (a) each problem-solving task (and study) being given the same 
overall weight in the analyses. ( b ) the sample size being reduced, and (c) the 
findings being independent from each other. A weighted mean (dt) of the effect 
size in one study for one problem-solving task (di) was calculated by using the 
formula given in Hedges and Olkin (1985). 

In this study, a two-step test of homogeneity was done on the data set based 
on the methods and procedures provided by Hedges and Olkin (1985). The first 
step is to examine the homogeneity statistics, ß„ which is specifically designed 
to test whether all the studies in each data set can be described as sharing a 
common effect size. 

Effect sizes with smaller variances receive more weight in the calculation of 
the overall mean. Under the null hypothesis, ß, has a chi-square distribution with 
N - 1 degrees of freedom, where N is the total number of each unweighted 
effect size, which is estimated based on each result reported in the studies. The 
ß, value found from the test in this study was 805.48 (p < .05). If it is not large 
or is statistically nonsignificant at some present level of significance (here it is 
.05), the test of homogeneity stops, and we conclude that the model of a single 
effect size fits the data adequately. Because it was significant, the second step 
of fitting models to effect sizes was taken (a weighted regression technique that 
can be used only when the independent variables are categorical). The treatment 
variable that is considered as the variable most related to the effect size is chosen 
to do the petition. Therefore, the between-class fit statistic Qh and the within-
class fit statistic Qw were calculated based on the formula given by Hedges and 
Olkin (1985). If the value of the within-class fit statistic Qw is small or statistically 
nonsignificant, the process stops, because the model of a different effect size for 
each class is consistent with the data (Hedges & Olkin, 1985). A weighted 
regression analysis was used to calculate Qw and Qh. The test of significance of 
Qw is a chi-square with N - p - 1 degrees of freedom, where N equals the 
number of effect sizes and p equals the number of independent variables. The 
test of significance of Qh is a chi-square with p degrees of freedom. Qh was 
known to be significant and so was not tested. The Qw value for this study was 
98.9, which is not significant at the .05 level (using the chi value 157.33). Our 
homogeneity test, therefore, is passed. This means that the effect sizes pooled 
in this data set are homogeneous. 
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Once effect sizes were determined for each study, analysis of variance 
(ANOVA) was used to determine whether differences between conditions were 
statistically significant. 

Results 

From Table 1 it may be seen that 63 findings were found in the 46 studies 
that examined the relative success of cooperative and competitive efforts on 
individual problem solving. These 46 studies were conducted between 1929 and 
1993. Over 80% of these studies were conducted in the 1970s and 1980s. No 
significant differences were found for mode of publication (F(3, 59) = 0.35, 
p < .79), random assignment (F(2, 60) = 0.98, p < .38), and length of studies 
(F(3, 57) = 1.52, p < .22). A significant difference was found for decade in 
which the studies were published (F(5, 57) = 4.36, p < .002), but the small 
number of studies conducted before 1960 makes this finding suspect. 

From Table 2 it may be seen that cooperation resulted in higher-quality problem 
solving than did competition (effect size = 0.55). This means that the average 
person (at the 50th percentile) in the cooperation condition solved problems 
better than 72.5% of the participants in the competitive condition. When pure 
operationalizations of cooperation were compared with mixtures of cooperation 
and competition (such as in-group cooperation and intergroup competition), the 
results are similar (pure effect size = 0.60, mixed effect size = 0.39). While 
cooperation resulted in more effective problem solving than did competition on 
all four types of problems, the largest effect was found for nonlinguistic problems 
(effect size = 0.72) and the smallest for linguistic problems (effect size = 0.37). 
Ill-defined (effect size = 0.60) and well-defined (effect size = 0.52) problems 
were in between. The difference between students of elementary school age 
and secondary school students, college students, and adults was not statistically 
significant (F(l, 59) = 0.27, p < .61). 

From Table 3 it may be seen that 33 studies were rated as being of high 
methodological quality with a mean effect size of 0.68, 16 studies were coded 
as being of medium methodological quality with a mean effect size of 0.34, and 
14 studies were rated as being of low methodological quality with a mean effect 

TABLE 1 
Mean effect size by research characteristics 

Category Mean effect! >ize SD Percentage Sample 

Year of * publication 
1900-1930 -0 .20 0 2 1 
1940-1949 0.35 0.07 3 2 
1950-1959 -0 .16 1.07 8 5 
1960-1969 -0 .52 1.10 5 3 
1970-1979 1.03 0.87 28 18 
1980-up 0.52 0.50 53 34 

Length of study 
1 day or less 0.42 1.00 34 21 
2 to 9 days 0.96 0.54 21 13 
10 to 29 days 0.58 0.48 10 6 
30 days or more 0.57 0.54 34 21 
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TABLE 2 
Overall mean effect sizes for independent variables 

Independent variable Mean effect size SD Number of cases 

Social interdependence 
Cooperation vs. Competition 0.55 0.79 63 
Pure Coop. vs. Competition 0.60 0.85 48 
Mixed Coop. vs. Competition 

Type 
0.39 

of problem 
0.56 15 

Linguistic 0.37 0.80 31 
Nonlinguistic 0.72 0.75 32 
Well-defined 0.52 0.73 43 
Ill-defined 0.60 

Age 
0.92 20 

Preschool, elementary 0.49 0.74 28 
Secondary, adults 0.60 0.85 33 
Unknown 2 

TABLE 3 
Effect sizes for quality of study and types of problems 

High quality Medium ( 

Mean ES 

¾uality 

N 

Low quality 

Type of problem Mean ES N 

Medium ( 

Mean ES 

¾uality 

N Mean ES N 

Linguistic 
Nonlinguistic 
Well-defined 
Ill-defined 

0.49 
0.91 
0.56 
0.98 

16 
16 
21 
11 

0.10 
0.67 
0.59 
0.14 

8 
9 
7 
9 

0.44 6 
0.26 7 
0.47 14 
0.00 0 

size of 0.47. Though on the nonlinguistic and the ill-defined problems the studies 
of high methodological quality produced higher effect sizes than did the medium-
and low-quality studies, an ANOVA revealed no significant difference among 
levels of quality (F(2, 60) = 1.11, p < .34). In addition, a Pearson correlation 
coefficient was determined for the relationship between quality of study and 
effect size, r(63) = .18. 

A 2 × 2 ANOVA was conducted to examine the relationships between age 
groups and linguistic and nonlinguistic problems (see Table 4). The two age 
groups did not differ significantly (F(l, 57) = 0.58, p < .45). There is evidence, 

TABLE 4 
Effect sizes for age groups and types of problems 

Preschool, elementary Secondary, adults 

Type of problem Mean ES SD N Mean ES SD N 

Overall 0.49 0.74 28 0.60 0.85 33 
Linguistic 0.26 0.82 12 0.40 0.80 18 
Nonlinguistic 0.67 0.64 16 0.83 0.87 15 
Well-defined 0.34 0.82 18 0.67 0.66 23 
Ill-defined 0.77 0.49 10 0.43 1.22 10 
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however, that the superiority of cooperation over competition was greater on 
nonlinguistic than on linguistic problems (F(l, 57) = 4.22, p < .04). A 2 × 2 
ANOVA was also conducted to examine the relationships between age groups 
and well-defined and ill-defined problems. The difference between the two age 
groups was not significant (F(l, 57) = 0.29, p < .59). The difference between 
well-defined and ill-defined results, furthermore, was not significant (F(l, 57) 
= 0.16, p < .70). The interaction effect was also nonsignificant (F(l, 57) = 
2.35, p < .13). 

Discussion 

Although there have been conflicting conclusions about the effectiveness of 
cooperative efforts in problem solving situations, with some researchers conclud
ing that cooperation promotes higher-quality problem solving than does competi
tion and other researchers concluding that cooperation is less effective than is 
competition, there has not been a careful analysis of all the available research 
studies. In order to resolve the controversy, and to try to reconcile the differences 
in conclusions, a meta-analysis was conducted. Between 1929 and 1993, 46 
studies were conducted that compared cooperative and competitive efforts and 
measured individual performance on problem-solving tasks. Some of the studies 
included more than one type of problem-solving task and therefore contained 
more than one relevant finding. If there was more than one finding per problem-
solving task in a study, a weighted effect size for that task was computed. The 
result was 63 relevant findings. 

The findings indicated that cooperative efforts resulted in better problem solv
ing than did competitive efforts. The number of findings in which cooperation 
outperformed competition was 55, while only 8 findings found competition to 
outperform cooperation (see Table 5). On the average, cooperators outperformed 
competitors by over one half of a standard deviation. 

It is of interest, however, to determine whether these findings hold for different 
types of problem-solving tasks. Four types of problems were investigated. Lin
guistic problems usually involved tasks such as essay questions, discussion ques
tions, and some games such as "twenty questions." The participants solved 
these problems primarily through oral or written language. The superiority of 
cooperative over competitive efforts in solving linguistic problems (effect size 
= 0.37) may be due to the exchange of information and insights that occurs in 
cooperative efforts (Georgas, 1985a; R. Johnson, D. W. Johnson, & Stanne, 1985, 
1986; Smith, Madden, & Sobol, 1957). 

Nonlinguistic problems are mostly mathematics problems and visuospatial 
problems, such as geometric figures, puzzles, and mazes. Cooperation promoted 
greater success with these problems than did competition (effect size = 0.72). 
Though little research has examined the internal dynamics of groups working 
on nonlinguistic problems, one study did find that cooperative groups generated 
more strategies for solving the problems than did competitors working alone 
(Lovelace & McKnight, 1980). Thus, the effectiveness of cooperation may be 
due to the number of problem-solving strategies generated. 

There may be two reasons why a higher effect size was found for nonlinguistic 
problem solving than for linguistic problem solving. First, there may be more 
ways to solve nonlinguistic than linguistic problems. For this reason, group 
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TABLE 5 
Characteristics of studies included in meta-analysis 

Study Effect Quality Modea Ageb Subjectc L/Nd Definede 

Abramson (1976/1977) -0.50 12 5 7 3 4 
Beaman, Diener, Fraser, & 0.24 9 2 7 7 3 

Endresen (1977) 
Beaman, Diener, Fraser, & 0.42 8 2 7 7 3 

Endresen (1977) 
Blechman & McEnroe 1.01 15 2 1 10 3 

(1985) 
Blechman & McEnroe 0.04 15 2 1 10 3 

(1985) 
Clement (1971) 0.79 11 2 7 7 4 
Dees (1983) 0.51 9 3 7 4 3 
Deutsch (1949) 0.39 15 2 7 7 4 
Deutsch (1949) 0.30 15 2 7 7 2 3 
Farivar (1985/1986) -0.09 7 5 4 6 2 3 
Frierson (1987) 1.15 8 2 7 10 3 
Frost (1975/1977) 1.16 14 5 7 7 4 
Frost (1975/1977) 0.80 14 5 7 7 4 
Garibaldi (1979) 2.31 15 2 6 1 3 
Garibaldi (1979) 0.64 15 2 6 1 3 
Georgas (1985a) 0.23 13 2 4 7 2 3 
Georgas (1985b) 0.33 13 2 5 7 3 
Georgas (1985b) 0.25 13 2 5 7 2 3 
Georgas (1986) -0.04 13 2 5 7 3 
Georgas (1986) -0.22 13 2 5 7 2 3 
Grossack (1953) 0.28 13 2 7 7 4 
Holubec, Johnson, & 1.22 12 5 8 5 2 3 

Johnson (1993) 
Hulten & DeVries (1976) 0.35 11 3 5 4 2 3 
Jackson & Williams (1985) 0.05 15 2 7 7 2 3 
Johnson, Johnson, & Skon 1.83 14 2 3 4 2 3 

(1979) 
Johnson, Johnson, & Skon 1.60 14 2 3 4 2 4 

(1979) 
Johnson, Skon, & Johnson 1.29 14 2 3 4 1 4 

(1980) 
Johnson, Skon, & Johnson 1.17 14 2 3 4 2 4 

(1980) 
Johnson & Johnson (1979) 1.10 14 2 4 4 2 3 
Johnson & Johnson (1979) 0.74 14 2 4 4 1 4 
Johnson, Johnson, & 1.02 16 2 5 6 2 3 

Stanne (1985) 
Johnson, Johnson, & 0.93 16 2 5 6 2 3 

Stanne (1986) 
Johnson, Johnson, & 1.73 14 2 4 4 2 3 

Tauer(l979) 
Johnson, Johnson, & 1.10 14 2 4 4 2 3 

Tauer(l979) 
Julian & Perry (1967) -1.32 12 2 7 7 1 4 
Julian & Perry (1967) -0.98 12 2 7 7 1 4 
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TABLE 5 (continued) 

Study Effect Quality Modea Ageb Subjectc L/Nd Definede 

Kniep & Grossman (1979) -0.11 14 2 4 6 1 4 
Lovelace & McKnight 0.75 11 2 7 4 2 3 

(1980) 
Madden & Slavin (1983) 0.36 10 2 4 4 2 3 
Mailer (1929) 0.20 5 6 5 4 2 3 
McHugh (1959) 0.03 8 2 4 4 2 3 
McHugh (1959) 0.25 8 2 4 4 1 3 
Mevarech (1985) 0.49 11 2 4 4 2 3 
Mevarech (1985) 0.49 11 2 4 4 2 4 
Miller & Hamblin (1963) 0.73 12 2 7 7 2 3 
Okun & DiVesta (1975) 3.00 15 2 7 7 2 4 
Phillips (1956) -2.02 15 2 3 7 1 3 
Robertson (1982/1983) 0.06 9 5 3 4 2 3 
Ross (1988) 0.80 12 2 4 6 1 4 
Ross (1988) 0.49 12 2 4 6 1 4 
Skon, Johnson, & Johnson 0.41 16 2 3 4 1 4 

(1981) 
Skon, Johnson, & Johnson 0.33 16 2 3 4 1 3 

(1981) 
Slavin, Leavey, & 0.27 10 2 4 4 2 3 

Madden (1984) 
Slavin, Madden, & 0.12 7 2 4 4 2 3 

Leavey (1984) 
Slavin, Madden, & 0.09 7 2 4 4 1 3 

Leavey (1984) 
Slavin & Karweit (1985) 0.32 9 2 4 4 2 3 
Sloggett(l97l) 1.56 7 2 5 4 2 3 
Smith, Madden, & Sobol 0.69 12 2 7 7 1 4 

(1957) 
Tjosvold(l982) 0.62 15 2 7 7 1 3 
Tjosvold& Field (1983) 0.40 15 2 7 5 1 3 
Vasquez, Johnson, & 2.07 9 5 8 5 2 3 

Johnson (1993) 
Wheeler (1977) 0.80 12 3 4 6 1 4 
aMode of publication (1 = unpublished; 2 = journal; 3 = dissertation; 4 = book) 
bAge of participants (1 = not given or unclear; 2 = preschool; 3 = Grades K-3; 4 

= Grades 4-6; 5 = Grades 7-9; 6 = Grades 10-12; 7 = college; 8 = adult) 
cSubject area (1 = not given or unclear; 2 = language arts; 3 = reading; 4 = 

mathematics; 5 = science; 6 = social studies; 7 = psychology; 8 = physical 
education; 9 = foreign language; 10 = other) 

dLinguistic versus nonlinguistic task (1 = linguistic; 2 = nonlinguistic) 
eWell-defined versus ill-defined task (3 = well-defined; 4 = ill-defined) 
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discussion, which may result in a great number of strategies being suggested, 
may give cooperators a greater advantage over competitors on nonlinguistic 
than on linguistic problems. Second, the need for linguistic skills may reduce 
performance on linguistic problems. Both younger and older students performed 
less well on linguistic problems. Older students performed better on linguistic 
problems than did younger students. It may be that the more linguistic skills are 
required to solve a problem, the lower the performance level. 

A well-defined problem is one in which the objects or goals and the representa
tion of the problem are completely specified, such as a mathematics problem. 
Well-defined problems require "reproductive thinking, applying already known 
solution procedures to the initial problem solving" (Wertheimer, 1959). Coopera
tors generally did better on such problems than competitors (effect size = 0.52). 
One explanation for this finding may be that subjects who discussed a mathematics 
problem with collaborators were better able to set up the equation in the problem 
than were peers who worked alone, competing with each other (Skon, Johnson, & 
Johnson, 1981). 

The processes for solving ill-defined problems are different from situation to 
situation, from problem to problem, and from individual to individual. In other 
words, solving an ill-defined problem requires generating a creative or novel 
representation and procedure primarily through imagery. The evidence indicated 
that cooperative efforts resulted in better performance than did competitive efforts 
(effect size = 0.60). The reason may be that cooperators can build a shared 
representation of the problem. Tjosvold (1979, 1982) found that in cooperative 
efforts, individuals exchanged ideas and corrected each other's errors more fre
quently and effectively than did individuals competing with each other. 

In general, the past research has found that cooperative efforts produce higher-
quality problem solving than do competitive efforts on a wide variety of problems 
that require different cognitive processes to solve. Possible reasons why coopera
tion may increase problem-solving success include the exchange of information 
and insights among cooperators, the generation of a variety of strategies to solve 
the problem, increased ability to translate the problem statement into equations, 
and the development of a shared cognitive representation of the problem. 

There are two other likely explanations for why researchers have previously 
made conflicting conclusions about the relationship between cooperation and 
problem solving. The first is that the results vary depending on the quality of 
the study. Each of the studies included in the meta-analysis was analyzed for its 
methodological quality. Cooperation outperformed competition regardless of the 
methodological quality of the study. There were, furthermore, no significant 
differences between methodologically high-, medium-, and low-quality studies, 
and the correlation between quality of study and effect size was of no practical 
significance. The second possible explanation for the conflicting conclusions is 
that the age of the participants may determine how effective cooperative efforts 
are. Due to the complexity of problem solving and the higher-level reasoning 
often required, it could be expected that the difference between cooperative and 
competitive efforts on problem solving would be greater for older participants 
than for younger participants. Although three out of the four comparisons between 
(a) preschool, primary school, and intermediate school students and (b) junior 
high school students, high school students, college students, and adults found 
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that the older participants were superior problem solvers by at least 0.2 standard 
deviations than were the younger participants, the differences were not statistically 
significant. There is the possibility that age was related to expertise or that the 
difficulty of the problems increased as participants' age increased. 

The practical implications of the finding that cooperation generally improves 
problem solving are obvious: On the job and in the classroom, cooperative 
groups will be better able to deal with complex problems than will competitors 
working alone. 

A few aspects of this issue are still unclear: the conditions under which 
competition may facilitate problem solving, and the internal dynamics determin
ing how effectively cooperative groups approach problems and teach their mem
bers how to solve them. 
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