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INTRODUCTORY STATEMENT

The Center for Social Organization of Schools has two primary

objectives: to develop a scientific knowledge of how schools affect

their students, and to use this knowledge to develop better school

practices and organization.

The Center works through five programs to achieve its objectives.

The Academic Games program has developed simulation games for use in

the classroom. It is evaluating the effects of games on student learn-

ing and studying how games can improve interpersonal relations in the

schools. The Social Accounts program is examining how a student's

education affects his actual occupational attainment, and how education

results in different vocational outcomes for blacks and whites. The

Talents and Competencies program is studying the effects of educational

experience on a wide range of human talents, competencies, and personal

dispositions in order to formulate -- and research -- important

educational goals other than traditional academic achievement. The

School Organization program is currently concerned with the effects of

student participation in social and educational decision-making, the

structure of competition and cooperation, formal reward systems, effects

of school quality, and the development of information systems for

secondary schools. The Careers and Curricula program bases its work

upon a theory of career development. It has developed a self-

administered vocational guidance device to promote vocational develop-

ment and to foster satisfying curricular decisions for high school,

college, and adult populations.

This report was a cooperative project of the Academic Games and the

School Organization programs. The study investigates the effects on math

achievement of using a nonsimulation game with team competition in the

classroom.
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ABSTRACT

This study investigated the effects on student achievement of the

combined use of a nonsimulation game and student teams in mathematics.

Ninety-six seventh grade students in two low- and two average-ability

mathematics classes participated in the study. One low- and one

average-ability class played the nonsimulation game Equations twice

per week for nine weeks in addition to receiving traditional instruction.

The remaining two classes received traditional instruction only. In

the games classes, the Equations tournament was based upon team competition

using four-member teams. Students were pretested and posttested with the

computations subtest of the Stanford Achievement Teat in mathematics and

a divergent solutions test designed by the experimenters.

A 2 x 2 x 2 treatment-by-ability-by-time repeated-measures ANOVA

revealed significantly greater gains (p 4.05) for the experimental

classes on both the computations subtest and the divergent solutions test.

A significant treatment-by-ability interaction was observed on the divergent

solution test with the low- ability experimental class obtaining a posttest

score almost double their pretest, while the low-ability control class

showed no gain. Regression analysis of the posttest on the pretest within

each class revealed that the learning rates were more similar in the two

experimental classes than in the two control classes.
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INTRODUCTION

Nonsimulation games have been in classroom use for some time and

are viewed by many as an effective teaching medium. Empirical support

for this contention, however, is minimal.

Competition among student teams has also been advocated (Coleman,

1959; Bronfenbrenner, 1970; Spilerman, 1971) as an effective teaching

device in the classroom, particularly when combined with the playing of

nonsimulation games (Allen, Allen, and Ross, 1970).

The present study investigated the effects on student achievement

of the combined use of nonsimulation games and student teams in mathe-

matics. The nonsimulation game employed was Equations (Allen, 1969), a

game of "creative mathematics."'

Nonsimulation Games

Most empirical studies of the effectiveness of instructional games

as teaching tools deal with simulation games, and most of the results

suggest that simulation games are effective for changing student attitudes

(e.g., Boocock and Schild, 1968; Lee and O'Leary, 1971; Edwards, 1971b).

However, the results of the studies examining the effects on student

achievement are less clear (for reviews of research see Cherryholmes,

1966; Livingston and Stoll, 1972). Because of basic structural differ-

ences between simulation games and nonsimulation games, it is questionable

1
Equations is a nonsimulation game in that no attempt is made to

simulate some aspect of reality either in the game structure itself or
the roles assigned to the players. Simulation games, on the other hand,
do attempt to simulate some aspects of reality by either or both of these
means.



whether the results of these studies can be extrapolated to the game used

in the present study.

Allen, Allen, and Ross (1970) have reported a significant increase

(20.9 points) in nonverbal I.Q. scores for students playing the non-

simulation game WFF N' PROOF (a game of logic). The students in the

WFF N' PROOF treatment played the game four hours a day 5 days a week for

three weeks while a comparable group of control students received

traditional instruction in mathematics. Although the demonstrated gain

is impressive, using games in such massive doses is impractical for most

educational settings. The present study involved a more traditional

classroom setting in which the game of Equations was used to complement

traditional instruction, not to replace it.

One reason why the structure of Equations should improve mathematics

achievement is th-at mathematics skills are necessary for winning. The

more math a player knows, the more he will win. Schild points out that

for a game to produce learning it should be constructed so that the skills,

insight or facts to be learned are clearly needed by the players in order

to succeed in the game. (1968: 151)

A second feature of Equations that should produce increased learning

is the challenge structure of the game. In brief, a player wins by either

correctly challenging another player's mistake or by being incorrectly

challenged. Challenges are resolved when a player explains to his com-

petitors why the proposed mathematical solutions are or are not correct.

This structure c eates a series of potential student peer-tutoring
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situations. In the few cases where no player can identify a correct

solution, the teacher acts as a consultant.
1

A third feature of Equations that facilitates learning is the

tournament used to structure competition. Students of approximately

equal mathematics ability compete individually in smL11 groups of two-to-

three players. Tables are arranged in a hierarchy based on ability, and

a "bumping" procedure is used between rounds of the tournament to correct

placement errors and to adjust for differential rates of student learning.

The winners are moved up one table and the losers moved down one table

in the hierarchy. Thus the probability of a given student receiving

positive reinforcement (i.e., winning a given game) is approximately

one-third and is the same for all students. In addition, the reinforcement

is more effective because it immediately follows the appropriate student

behaviors.
2

Student Teams

Adding team competition to the Equations game enlists some additional

classroom forces that should make the game even more effective. As

indicated above, the game allows for student peer-tutoring, but it does

not encourage such tutoring. In fact, because each student wins only if

1
The authors recognized that the challenge system could result in

incorrect solutions being accepted as correct. A pilot test of the game
revealed that such a situation arises infrequently and is most likely to
occur among players with minimal mathematics skills. The teacher was
alerted to this possibility, and consequently monitored closely such low
ability students.

2
Both probability and immediacy of reinforcement have been shawn to

be critical factors in inducing systematic behavioral change (cf. Skinner,
1969). Each game of Equations can result in one or two winners depending
on the outcome of a challenge, see Allen (1969) for details.
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he outperforms his fellow players, it is a disadvantage to share infor-

mation with them. Adding teams to the game structure allows the

individual players to share information with their teammates. Such

sharing of information is to the student's advantage because it helps him

and his teammates improve and thus increase his team's score during

subsequent games. Empirical support for the assertion that student

teams result in increased peer tutoring is abundant (e.g., Wodarski,

Hamblin, Buckholdt, and Ferritor, 1971; Hamblin, Buckholdt, Ferritor,

Kozloff, and Blackwell, 1971).

Farran (1968) systematically compared the effect of individual vs.

team competition in three simulation games. Farran's results revealed

greater learning by students in the individual competition. However,

three features of her experimental manipulation of teams must be noted

in interpreting the results. First, she created fifteen-member teams, a

number which has been shown by small group research (e.g., Slater 1965)

to be much too large for participation by the majority of the team members.

Also, Farran's game task involved a group effort in which a few individual

students could dominate. Finally, the feedback on game performance was

given only at the group level for the team competition condition, thus

preventing any student on the team from assessing his own individual past

performance. Small group research has shown that both individual

accountability and feedback must be present in a team situation in order

for teams to be effective (cf. Glaser & Klaus, 1966). In light of these

findings, the present study formed small (four-member) teams, and the

game involved individual student performance and feedback.



Student Ability

Advocates of simulation games have argued that games reduce the

differential learning rates noted for low- vs. average- and high-ability

students (e.g., Boocock & Schild, 1968; Coleman, 1972). That is, game

playing is said to result in comparable levels of learning by students

of all ability 1.evels. Empirical evidence supports this contention when

the criterion is learning strategies for winning the game, or actual

amount of winning (Fletcher, 1971; Braskamp and Hodgetts, 1971; Edwards,

1971a). However, playing a nonsimulation game, such as Equations, may

especially facilitate the learning by low-ability students of more general

academic skills. The hierarchical tournament structure increases the

probability of success most for the low-ability students. Also, playing

a game should be most appealing to low-ability students.

In the present study we hypothesized that playing Equations using

team-competition would have a positive effect on student achievement in

mathematics. We also hypothesized a significant games-teams by student-

ability interaction, predicting a greater positive experimental effect

on the low-ability students.

METHODS

Subjects

The subjects were 96 seventh-grade students from a large urban junior

high school. The students were in four general mathematics classes. Two

of the classes contained primarily students of average math ability and

two contained mostly students of low math ability. The school had no
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formal tracking procedure so there was considerable variance on math

ability within each class.

Design

The experiment was a 2 x 2 x 2 repeated measures analysis of variance

(ANOVA) design, with the three factors being: (a) Treatment (games-teams

vs. traditional), (b) Math Ability (low vs. average), and (c) Time

(pretest and posttest). The experiment was conducted for a nine-week

period. All four math classes were taught by the same teacher (a female

in her first year of teaching). Two of the classes (one average and one

low ability) were assigned to the games-teams (experimental) treatment,

while the remaining two were assigned to the traditional (control)

treatment. The two experimental classes met during periods one and two,

and the two control classes met during periods four and six. Although

the time period factor is confounded in the design, its impact on the

students' reactions to the treatments was considered by the teacher to

be minimal. The measures of the dependent variables were administered

during the first two days (pretest) and last two days (posttest) of the

nine-week period. A research assistant administered both the pretests

and the posttests.

Because the four classes involved were intact groups, the study

employed a "nonequivalent control group design" as described by Campbell

and Stanley (1966:40). In this design, differential treatment effects

are inferred from differential pretest-posttest gains for the various

groups. In the repeated-measures ANOVA (the mode of analysis used in the

present study) a treatment effect would be indicated by a significant

6
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treatment-by-time interaction with the experimental classes gaining more

than the control classes. Similarly, differential effectiveness of the

treatment for the two ability levels would be reflected in a treatment-

by-ability-by-time interaction.

Another way to analyze data from a nonequivalent control group

design which complements the repeated-measures ANOVA has been suggested

by Cronbach and Furby (1970) . The technique involves calculating the

regressions of the posttest on the pretest for each of the four classes

involved. The ANOVA tells us how the classes as a whole did relative to

each other; the regression lines indicate how students with various

levels of pretest achievement 44.7.i on the posttest within each treatment

group. The latter information was judged especially useful since the

grouping of classes in terms of low and average ability was based on

gross measures of ability and thus not likely to be as sensitive to

treatment-by-ability interac tions as within-class regre ssion lines.

Experimental Treatment

The experimental and control classes differed on two dimensions of

classroom structure: the academic tasks which they performed and the mode

of receiving feedback and reinforcement. The treatment differences on

both dimensions are explained below.

Academic Tasks: The students in the control classes listened to

lectures, did math problem drills in class, and took three quizzes during

the nine weeks of the experiment. The mathematics topics covered during

the nine weeks were operations on fractions, decimals, and percents, in

that order.

7
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The experimental classes played the nonsimulation game Equations

twice a week in addition to lectures, problem drills, and quizzes. The

game was conducted in a fashion similar to that suggested by Allen (1969)

and Allen, et al., (1970). Within a classroom of thirty students, ten

Equations games were played simultaneously (three students per game).

The players at any given table were grouped homogeneously by math ability.

At the end of each game (a typical game lasted approximately five

minutes), the scorer recorded the score of each player as specified in

the rules. At the end of the class period, the game scores were

summed to form a total-day score. Each day of play there was a winner

at each one of the ten tables. Depending on whether a student won or lost

at a table, he was moved up to a lower number table (tables were numbered

1 through 10) or down to a higher numbered table for the next day of

play. This "bumping" procedure maintained homogeneous game tables while

taking into account new learning (as reflected by a person winning or

losing).

Reinforcement: The experimental and control classes also differed on

the level of reinforcement contingencies and frequency of feedback. In

the control classes the students received feedback on daily drill exercises,

which were corrected by class members at the end of a ten minute drill

session. In addition, they received grades on three hourly tests given

during the nine-week period. All feedback received by the control students

was contingent upon their individual performance.

In the experimental classes the students received individual feedback

on drills and quizzes similar to that received by the control classes.

However, feedback on game performance was based upon group contingencies.

8
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The students were assigned by the teacher to four-member groups, with the

specific intention of creating large within-group variation and small

between-group variation. During the Equations game, each student acted

as a "representative" of his team in competition with two other students

who represented other teams.

The group contingent feedback was administered via a newsletter

that was distributed two days after each Equations tournament.
1

On the

first page of the newsletter the teams were ranked by their scores in

the preceding tournament.
2

The teams were also ranked by their "season

record," which was formed by adding the team's scores for all prior days

of play. A commentary section of the newsletter congratulated the teams

exhibiting good teamwork (assumed to be reflected in a general increase

in the team members' performance). The second page of the newsletter

listed, by team, the scores of the individual team members.

During the nineweek study, periodic practice periods were created

in the experimental treatment during which teammates could work together.

The teacher told the students that grades would be assigned on the basis

of how well their team did in the game competition, but at no point were

actual letter grades assigned.

Dependent Variables

The dependent variables consisted of three measures of mathematics

achievement. The measures represented three levels of specificity of

1
Allen, et al., (1970) suggest the use of a newsletter as an effective

medium for informing students of their performance, and at the same time
generating excitement about the treatment.

2
The team score was obtained by summing the scores of the team members

present for the game. If one or more team members were absent, the team
was not compensated.

9



math skills that were likely to be affected by the experimental treatment.

The first variable, representing the most general level of measurement,

was the computations subtest of the Stanford Achievement Test in Mathe-

matics. Measurement people have recently been critical of the use of

standardized tests !:or curriculum evaluation (see Glaser and Nitko, 1971;

Airasian and Medaus, 1972). Such tests, it has been noted, are designed

for assessment of general achievement and thus are not sensitive to

specific programs and short-term changes. But, the present study included

such a test because standardized tests have the advantage of providing

achievement norms which are readily understood by most educators. The

computations subtest took one period (45 minutes) to administer. Using

national norms, the raw scores were transformed to grade equivalent

scores.

The second dependeuc variable represented a level of measurement

specific to the subject matter covered by both treatments. It was

obtained by counting only those items on the computations subtest which

involved operations with fractions, decimals, or percents (the topics

taught during the nine weeks of the study). A subject's score was the

number right out of the 25 items so identified.

The third dependent variable, representing a level of measurement

specific to the experimental treatment, was a divergent solutions test

designed by the experimenters. The test consisted of two items. Each

item specified a set of numbers and operations (called "resources") and

the right-hand side of an equation (called a "goal"). The students were

asked to write as many different solutions as they could that would equal

the goal, using only the numbers and operations given in the resources.

10 16



A student's score was the total number of correct solutions written.

The divergent solutions task is a basic skill used in playing Equations.

In terms of expected outcomes, the divergent solutions test would

be most likely to reveal treatment differences, the content-relevant

items from the computation subtest next likely, and grade equivalents

on the computations subtest least likely to reveal such differences.

RESULTS

The repeated-measures ANOVA on the divergent solutions test is given

in Table 1. The between - subjects terms are included for completeness

but are of little interest. For the within-subjects terms, the signifi-

cant time effect (F = 23.61, p 4.001) indicates that all students had

increased in achievement over the nine-week period of the study; the

students as a whole did learn. The significant treatment-by-time inter-

action (F = 5.78, p .<.04) reflects differential learning in the two

treatment groups. Inspection of the means indicates that the experimental

-

Post
classes (xPre = 6.82, x = 9.87) increased more than the control

= 7.32). The two groups were approximately
Pre

= 6.25,
Post

classes (x

equal on the pretest. Figure 1 shows graphically the differential gains

of the two groups on the divergent solutions test.

Insert Table 1 and Figure 1

The significant treatment-by-ability-by-time interaction in Table 1

(F = 4.53, p 4C.05) indicates that the treatments resulted in differential

11



learning for the two levels of ability. The graph in Figure 2 shows that

the interaction was due to the large differential gains for the low -

ability classes. The low- ability experimental class had the lowest

pretest score but the second highest posttest score while the low-ability

control class showed virtually no gain.

Insert Figure 2

The significant games-by-time and games-by-ability-by-time inter-

actions accounted for a total of 9 percent of the within-subjects

variation (5 percent and 4 percent respectively).

The results of the ANOVA for the content-relevant items of the

computations subtest are given in Table 2. Again the within-subjects

terms are the ones of interest. The significant treatment -by -time

interaction (F = 5.27, p4C.03) indicates differential changes for the

two treatment groups over the nine weeks of the study. The means for

the two groups show that the experimental classes (xpre = 5.72;
Post

=

8.53) had a larger gain than the control classes (;Pre
5.37; ;Post

6.78). The significant treatment-by-time interaction is shown graphically

in Figure 3. The treatment-by-ability-by-time interaction was not

significant for the content-relevant items.

Insert Table 2 and Figure 3

The analysis of variance for the computations subtest grade equivalents

is given in Table 3. The results parallel those given in Table 2. The

12



treatment-by-time interaction is significant (F = 4.66, p Z.04) with

the experimental classes (xPre
5'5; 7cPost

6.3) showing a significantly

larger gain than the control classes (xpre = 5.4;
xPost

5.7). The

significant effect is shown graphically in Figure 4.

Insert Table 3 and Figure 4

The pretest and posttest means, as well as the gains for each of the

four classes on the three measures of achievement, are given in Tables 4,

5, and 6. The low-ability experimental class had the largest gains for

each of the three dependent variables.

Insert Tables 4, 5, and 6

The regression lines showing the regression of the posttest on the

pretest for each of the four classes on the solutions test and the com-

putations subtest content-relevant items are given in Figures 5 and 6,

respectively. The regressions for the computations subtest grade

equivalents were very similar to Figure 6 and are omitted. In inter-

preting the regression results two points need to be made. Treatment

Insert Figures 5 and 6

effects are reflected in the distance between lines. Treatment-by-ability

interactions are reflected by nonparallelism of regression lines and

differential distances between lines for the control and experimental classes.

The large black dots in the figures are points whose coordinates are the

13
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pre- and posttest means for the particular treatment group. The 95

percent confidence intervals for the regression slopes for the four

classes on the three measures of achievement are given in Figure 7; the

confidence intervals for the intercepts are given in Figure 8.

Insert Figures 7 and 8

DISCUSSION

Our general conclusion is that combining the nonsimulation game

Equations with team competition significantly increased students'

mathematics achievement over that of a traditionally taught class. The

effect was observed for skills specific to the game as well as more

general arithmetic skills.

The treatment-by-ability interaction for the divergent solutions

test was due to the large gain by the low-ability experimental class;

the mean on the posttest was almost double that of the pretest. Since

this group had the lowest pretest score, one might argue that they would

have the largest expected gain on the basis of regression effects alone.

However, the size of the gain for this group, the lack of a gain for the

low-ability control class, and the large gain for the average-ability

experimental class (which had the highest pretest score) all indicate

that the results are not regression artifacts. Apparently average-ability

students are ab le to do better on the creative mathematics task of making

divergent solutions after learning more math, though playing the game

results in a larger increase. However, the low-ability students require

14



practice with the specific skill which the game provides in order to

show any increase in the skill. There is a need to examine the effects

of the game on other measures of math creativity to see if the skill

generalizes to any degree.

The more traditional test of math achievement, The Stanford Achieve-

ment Test, also revealed a significant effect for the experimental

treatment. The treatment-by-ability interactions for the computations

subtest variables were not significant. However, for both the content

relevant items and the grade equivalents, the low-ability experimental

class had the largest gains. The fact that the gains in grade equivalents

were largely due to the gains on content-relevant items of the com-

putations test is acknowledged by the authors. It was of interest to

note that the significant game effect was detected even after the total

raw scores (sum of relevant and nonrelevant items) had been converted to

grade equivalents.

The striking fact about the regression analyses was how similar the

regression lines were for the low- and average-ability experimental

classes and how different the two regression lines were for the low- and

average-ability control classes. The contrast was true for both the

slopes and intercepts and was greatest for the grade equivalents variable.

For example, consider the regressions in Figure 6. The predicted post-

test scores in each of the four groups for a student with a pretest

score of 5.5 were 5.3 (low-control), 7.6 (average-control), 8.3 (low-

experimental) , 8.6 (average-experimental). The posttest score was more

a function of class ability level for the control classes than for

15



the experimental classes. The games tended to reduce the differential

learning rates evident in classes of different ability levels.

As indicated previously, the design of the study did not allow us

to determine which aspects of the game classes resulted in significantly

greater learning. The classroom teacher noted several key aspects of

the experimental classes. First, the game succeeded in "turning on"

students who had not been putting forth any effort. Second, the team

competition feedback to the students via the newsletter was important to

them. On two occasions when the experimenters failed to return newsletters

toithe teacher on time she reported that the classes became upset because

they wanted to see how their teams had done. Third, during the periods

of:game play the teacher found it much easier to give help to individual

students while the rest of the class kept busy with the game. Fourth,

students had a reason to help fellow team members (to improve their team's

performance). Fifth, the game competition gave the students a reason to

learn mathematics (to win the game). It is likely that the other class-

room instruction benefited from this motivation. Sixth, playing the

game was involving and fun.

It is likely that all these elements combined to produce the signifi

cant results obtained; thus generalizations to games not structured like

Equations (or even to Equations without team competition) are not

warranted. The authors have completed a study which examines the inde-

pendent and combined effects of games and teams on classroom process

and attitudes as well as on achievement (Edwards and De Vries, in press).



The present study and that of Allen et al. (1970) provide clear

evidence of the effectiveness of Eguations type nonsimulation games.1

The results of the present study provide support far a technique whose

advocates have been hard pressed to produce specific evaluative data.

1Stanley (1971) has raised a number of questions concerning possible
sources of invalidity for the Allen, Allen, and Ross (1970) study because
of the nonequivalent control group design employed. Since the same
design was used in the present study, his points are dealt with here.
First, the pretest showed that classes at the same ability level were
not too different and thus differential susceptibility to change was

unlikely. A treatment by testing interaction for any of the reasons
mentioned by Stanley did not seem to apply to the present study. Both
the pretests and posttests were administered by a research assistant
under similar classroom conditions and time constraints. Finally, a
novelty effect of the games for both the teacher and students seems in-
adequate to account for the significantly greater achievement gains
observed in the two games classes over the nine weeks of the study.
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FIGURE 3
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FIGURE 6

PRETEST-POSTTEST REGRESSION LINES WITHIN CLASSES FOR
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TABLE 1

Repeated Measures ANOVA on the Divergent Solutions
Test

SOURCE OF

VARIANCE
df MS F

BETWEEN SUBJECTS

TREATMENT (A) 1 100.894 5.59*

(1B...06) 1

ABILITY (B) 1 165.586 9.17*
2(v.10)

A x B 1 2.274 4 1

ERROR
B

79 18.059

WITHIN SUBJECTS

TIME (C) 1 166.000 23.61**
2(ye.21)

A x C 1 40.654 5.78*

(71t2 w..05)

B x C 1 2.009 <1

A x B x C 1 31.821 4.53*
2

(70...04)

ERRORw 79 p.032

44 .05

< .001

1 2

B
2472

amount of within subjects variance explained

amount of between subjects variance explained.
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TABLE 2

Repeated Measures ANOVA On Content Relevant Items From The Computations Subtest

SOURCE OF
VARIANCE

df MB F

BETWEEN SUBJECTS

TREATMENT (A) 1 53.53 3.26

(7112 e.02)1

ABILITY (B) 1 449.88 27.37 **
2

('g .22)

A x IS 1 1.64 <1

ERRORS 92 16.43

WITHIN SUBJECTS

TIME (C) 1 210.422 47.16 **

(rw2 .32)
2

A x C 1 23.522 5.27 *

(vw.04)

D x C 1 6.896 1.54

AxBxC 1 9.183 2.06

ERRON 92 4.461

* p405

** p (.0001

1' 2

B
2 2

lw"

amount of between subjects variance explained.

amount of within subjects variance explained.
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TABLE 3

Repeated Measures ANOVA on Computations Subtest

SOURCE OF
VARIANCE

df 148 1

BETWEEN SUBJECTS

TREATMENT (A) 1 5.77 3.18

ABILITY (B) 1 56.88 31.36 **
2

(pi c.25)1

A x B 1 .62 41

ERROR
is

92 1.81

WITHIN SUBJECTS

TIME (C) 1 13.921 23.57 **

(l2win .19)2

A x C 1 2.751 4.658 *
2(II usl.04)

B x C 1 .098 <1

AxBaC 1 .067 41

ERRORw 92 .591

* p4.05

** p 4.0001

1 ti2c amount of between subjects variance explained.

2,ews amount of within subjects variance explained.
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TABLE 4

Pretest, Posttest, and Gain Score Means for Number Correct On
Solutions Test

Ability
Level Treatment Pre Post Gain

Low

Average

Control

Experimental

Control

Experimental

5.53

4.88

6.70

8.32

5.82

9.24

8.26

10.36

.29

4.36

1.56

2.04
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TABLE 5

Pretest, Posttest, and Gain Score Means for Score On
ContentRelevant Items From Computations Subteste

Ability
Level Treatment Pre Poet Gain

Control 4.19 4.67 .48

Low

Experimental 3.68 6.58 2.9

Control 6.29 8.32 2.03

Average

Experimental 7.11 9.86 2.75
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TABLE 6

Pretest, Posttest and Gain Score Means
For Grade Equivalents on the Computations Test

Ability
Level Treatment Pre Post Gain

Control 4.85 5.17 .32
Low

Experimental 4.75 5.64 .89

Average Control 5.85 6.15 .30

Experimental 6.06 6.78 .12
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