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_muq Bertrand Russell, the essential features of the pood life are affective and
cognilive: The good life 15 one inspired by love and guided by knowledge.
We submil that these dimensions are also at the core of good learning,
which is a central part of human life. This study focuses on the affective
dimension as it is influenced by a learning environment organized around
instructionu| paming.

Dither studies have indicated the influence of such a learaing environment
on Lhe cognitive dimension. Experimental seventh-grade classes using
Equations, Lthe game that is also used in this study, and using the same ar-
rangements with respect 1o cooperative teams and conduct of tournaments,
displayed significantly greater achievement in the learning of mathematics
{Edwards ct al.. 1972). With a different but similar game—WT "N Prooft
The Game of Modern Logic—and the same other arrangements, groups of
junior high and high school students have experienced increases averaging
more than 20 points on the nonlanguage parts of standard 10 1e31s { Allen
et al, 1966 and 19700, Still another study reports significant differences on
1) scores for students using WIT "N Proof (Jeffryes, 1969). However, no
sipnificant changes oceurred in either the affeclive or cognitive dimension
when the Equations and Tac-Tickle games were used [or a shorter period
without the lournament procedure, which 15 designed to individualize the
problems presenled to each learner and to cyualize the reinforcements
achieved among all members of the class, and without the cooperative
features of the learning environment that arc introduced by the teams
{Henry, 1973).

The experimental learning environmenl arranged for this study
emphasizes the atfective dimension as a facilitator ol cognitive achievement.
S0 the initial question to be answered is whether # learning environment
arganized around games has a positive effect on students” attitudes toward
learning. That is the fundamentul question to which this study is addressed.

Some evidence exists that a ledrning environment involving Equations
and the appropriate tournament and leam arrangements does have positive
effeets on students’ attitudes toward mathematics learning, as measured by
students' responses W an opinion guestionnaire (Edwards et al, 1972). A
more pervasive measure of students’ attitudes was sought in the current
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stdyv—s measure thal would refllect student behavior every day throughout
the school term. The studenl abseniee rales in experimental and control
classes were selected s the measure of sludents” attiiudes toward Lhe learn-
ing environment of those classes. In addition to being & more pervasive
medsure Lthun most indicators of attitudes, it was also a pragmatic one, For
any program that secks Lo enhance Lthe school’s effect on whal students learn
must first get the students to attend school

The Learning Environment Organized around Games

The learning environment arranged lor this study contained three major
elements, each of which was assumed to be critical with respeet to Lhe allec-
tivee and cognilive effects: a problem-generating type of game; a tournament
arranged to award reinforcements freguently und equally among the partici-
pants as well as to individualize the learning experience for each participant:
and the organization of classes into teams designed to elicit cooperation.

The Equations game used in this study is a problem-generaling game n
exaetly the same sense that both checkers and chess are. Ineach game, when
# player makes 4 choice on his turn Lo play, he constructs a problem for the
other players. When the other player responds, he attemnpts to cope with the
problem thal has been posed for him. The choice that he makes in doing so
in turn constructs a problem lor the next plaver. That process continues
throughout the course of play—successive generation, resolution, and
further seneration of problems by players. A player who is seeking to win
will pose for the other playvers the most difficult problem that he can imagine
under the circumsiances. So the level of difficulty of the problem con-
fronting a learner will depend on the imagination and knowledge of the
other plavers in the game. The more 4 plaver knows about the game, the
more difficult the problems he can pose for others. In Eguations,
mathemalical ideas are incorporated in Lhe rules in such a way that the more
a player knows about mathematics, the more difficult will be Lhe problems
that he can pose lor other players.

This linkage hetween whal o player knows and the level of complexity of
the problem that he can generate by his choices in playing has an important
implication: il alTords a means for individualizing the lsarning experience
for every single student in a heterogeneous classroom. By controlling whao
plays with whom, one can contrel the level of complexity of the problem
that is delivered to each learner, even though the class consists of students of
widely differing abilities and knowledge. It can be assured that each learner
is confronted with problems that are ol the appropriate level of complexity
for him.

The second element of the learning environment under study—namely,
the tournament—controls the complexity of problem delivered. Il the players
in each game are evenly matched in terms of their understanding of the game,
they will tend 10 generate problems of the appropriate level of difficulty for
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each other. In striving to win, each will seek Lo construct the most dilficult
problem that he can imagine in the situation. When player A constructs the
must difficull problem he can for plaver B—and they are evenly matched—
player B will need to struggle and think in order to cape with the problem
posed. But—and this 15 the important parti—the probability will he
relatively high thal B will in Tuct be able lo cope with a problem that he sub-
jectively perceives as a “tough™ onge, When a plaver s involved with
problems that he thinks are difficult but that he successlully copes with most
of the Ume, he is likely Lo generate an image of himsell a5 one who can hun-
die difficult problems in whatever subject the game is about—an T can do
it attitvde. By structuring the tournament in such a way that the players
are, und continue to be, evenly matched, even though the students may lesrn
at different rates, the attention of cach player is focused at the outer edge of
what he now understands. That is the objective of the tournament arrange-
ment: 10 keep the players evenly matched so that the problems delivered 1o
each will be on the frontier of what he currently comprehends. To achicve
this objective, the performance of each student is audited at the end of every
session.

At the beginning of the tournament the class is ranked according to
mathematical ability by the teacher’s judgement, by resulls on a test, by trial
play-olls ol the game, or by any other reasonable means. 1t 15 not cspecially
important that this runking be accomplished with great exactitude, because
Lthe twurnament rules provide for subsequent adjustments. The rank hst is
then used Lo assign siudentis Lo the table where each should play. The first
three students should he assigned to tuble 1, the next three to table 2, and so
on until all players are assipned. If there is one extra student, the last twe
tables should have two players; if Lhere are Iwo extra students, only the last
tahle should have two. At the first session of the lournament, every student
should play al Lthe table 1o which he has been assigned. At subseguent ses-
sions @ student’s table assignment will be determined by his performance in
the previous session. Far a given session, there will be o high scarer {H) and
a low scorer (L) in the game at each table. For the next tournament session
the H at table | will remain at that table, the H's at all other tables will moye
Lo the next lower-numbered tables (the H at table 2 will mowe to table | the
H at table 3 will move Lo tuble 2, ete ), Lhe L's a1 all tables except the last one
will move to the next higher-numbered table, and the L at the last tbie will
remiin there; An dhsenlee player is sulomatically the L at the Lable where he
would have played. At sach table that has three players Lthere will also be a
player who scores in the middle (M ). The M at each table remains theee for
the next session. This tournament procedure for moving players sboul
results inoa player’s shifting 1o more difficult problems when he has per-
formed well and to less difficult problems when he has nov

This tournament structure and its impiications for the affective and
cognitive expeniences of Lthe Jearners 15 probably the most signilicant aspect
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of the learning environment ol this study. The result of the tournament rules
s that 1n the tong run each student in the elass turns out 1o be H about one-
third of the trme, M one-third of the time, and L one-third of the time. In
terms of the game, what amounts to “winning " and “losing” wilh respect 1o
ather plavers is shared evenly among all. Fach turns out Lo win hull the lime
with respect 1o others, and 1o lose ball the ume, 1o this manner the com-
petitive aspect of this learning situation is carefully controlled, In terms of
wins and losses Tor purposes of Lhe game, the slow student is not over-
deprived and the Tust student is nol overindulged. Each receives his fair
share of each. Reinforcements are evenly shared among all students in the
classroom, not unduly heaped on only a few of the brighlest

Furthermore—and this may be the most important silective result of this
arrangemeni—the situation in which each is experiencing such winning and
losing leads the players o discover Lthe positive side of losing. To the extent
thal participants learn thal many deprivational situations may be oppor-
tunities for growth, they may be learning one of the most important lessons
for improving their problem solving in general The playver who loses at
luble 3 becuuse he did nol understand how to subtract negative numbers,
but learns how to do so in the process, will have an opportunity 1o use his
new-found knowledge at table 6, probably 1o good advantage. The player
who wins at table 3 and moves to table 2—where he may be walloped by
the wizards there—will become aware of the price attached to winning,
When these experiences occur repeatedly, players gain a sense that winning
s not an unmixed blessing and that losing does not fail to have its compen-
sations. They learn to cope with both outcomes. That is probably a useful
capahility lor situstions outside the games.

The third element ol the learning environment used in this study in-
troduces further cooperation into the situation by arganizing the playvers
into teams, In a major sense, the playing of any pame s the essenee of
coaperation: in order to participate and really play a game everyone must
voluntarily agree 1o abide by the rules that define the game. 1T someone does
noL, then he is nol playing that game, IF one tries Lo move a knight three
spaces diagonally in chess, he is not really playing chess: he is doing
something clse. But it is a dilferent mode of cooperation that is introduoced
by the teums in un Eguations tournament, They provide a mechanism Tor
further ¢ncourdasing learning from peers. Game-play Tacilitates learning
irom peers of approximately equal ability. Team organization elicits Izarning
from peers of diverse shilitics. Whereas the gaumes are played among stu-
denls of homogeneous abilities, the teams are made up of heterogencaus
groups. Each team should have as members one fast learner, one slow
tearner, and a sprinkhing of players in between, The scoring in the Lourna-
ment is arranged so that a win by a slow-learning member of a team who
plays at the high-numbered tables counts every bit as much for the team
score as & win by the fustest learner on the team. The fast learner on each
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team soon léarns Lhat il he wants his leam to do well 1o the tournament, he
needs Lo teach the other members of his team some of the things that he
knows, Anyone who has ever tried Lo sel up a situation in which bright stu-
dents teach slower ones knows exactly where the situation usually breaks
down—that is, in keeping the bright students interested. But teams bring intlo
the structure of the lournament a continuing molivation [or bright students
ta teach slower students the relevant subject matter, The members of a team
do not play against one another except when two of them accidentally move
ta the same lable. Their team dcotivilies are cooperative in nature: working
problems together, explaining ideas to cuch other, working through Instruc-
tional Math Play kits together, or talking generally about their strategics
for playing the pames. Hence the mixed cooperative-competitive environ-
ment thul prevails in an Egualions lournament involves competition only
when homogeneous groups interact {und even then, under the most carelul
conlral) and emphasizes cooperation when the interaciing group is
heterogeneous,

One final comment is appropriaie about the lggrning cnwvironment
orzanired around Lguations for purposes of this study. The experimental
situation was imbedded in the school curriculum with no disrupiion of
anything that would otherwise be occurring. There was no special selection
of the students for the classes, nor did any of them cease their participation
in any other usual activity. 11 reasons arcse for adjusting a student’s
scheduls at the end of the fall term and transferring him nte or out of the
experimental or control classes, Lhat was done; no control was exercised 1o
prevent such changes for purposes of the experiment. In other words, the ex-
periment was adapted to the demands of the school, not vice versa, In this
respect, if the results of this experimental program seem Lo warrant adop-
tion of such a program in other schools, it may casily be fitted into existing
school programs. The data collected in this siudy were obtained not in an
antiscptic laboratory environment, bul in the ordinary day-lo-day setting of
Pelham Middle School in inner-city Detroit. We are deeply indebled to
three extraordinary educators there [or their cooperation and superb effarts
in making this study possible: Lewis Jeflries, principal; Gloria Jackson,
chairman, mathematics depariment; and William Beeman, mathematics
teacher.

Method

Two kinds of mathematics vlasses were studied. The experimental group
devoled two mathematics sessions a week to an Equations clussroom tour-
nament; they heard cxplansiions and worked problems during the other
three sessions per week. The control group heard explunalions and worked
problems individually during 4ll five sessions of the week. The principal
difference, then, between the lwo gtoups was their activities during two class
pericds a week,
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The absentee rate, compuled [or each student participating in the study, is
the ratio of the number of days absent to the total number of possible school
davs. Students participated in the study for one or lwo lerms. Appros-
imately cighty school days per term were uwsed in the study,

The study was condueted at Pelham Middle School, Detroit, during the
1972-73 academic year. Every student was enrolled in only one mathematics
class, participated in no other mathematics enrichment program. and was
enrolled for the full term or terms considered. Studenis were not tracked ac-
cording to ability and had no advance knowledge of which sections would
be games or which, nongames, One section wus an eighth-grade mathe-
mulics class; all other sections were seventh-grade mathematics classes.
Mo seventh-grade student had prior knowledge of Equations: the eighth-
grade class had participated in the seventh-grade Equations program the
Previouns vear.

Im the X sections, the same teacher taught two games clusses and two non-
games classes during the lirst and second terms. In the Y classes, the same
teacher taught four seventh-grade and one cighth-grade games classes dur-
ing Lhe first term and four seventh-grade and one cighth-grade nongames
classes during the second term. Although it would have been desitable Tor
the experiment to retain all students for both terms, several losses and addi-
lions were necessary between the first and second terms becawse of other
scheduling commilments.

Results
Tubles 1-3 contain descriptive statistics of the different groups sludied.
Table 1 presents the descriptive statistics on those students who remained

Table |
Absentes Rites lor Students Eoralled n Games and Nongames Classes
of Teacher ¥ and Teacher ¥ Tor the Full Year

Tencher Girade Firgt farm . Secomid Term
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with the same teacher for two terms. Teacher X taught two games and two
nongames sevenih-grade sections concurrently, Whereas 44 students were
enrilled in her games classes for both terms, enly 14 students were enrolied
in her nongames classes for both lerms. Note that the average absentee rates
of the 44 games students were 084 the first term and 078 the second lerm.
The standard deviations for both terms are close: .093 the first term and .09
the second. Contrast these 1o the mean abseniee rates of the 14 nongames
students: 232 the first term and 295 the second—more than three Limes as
much absentesism. The differences are graphically summarized in Figure [
Euach term is divided into four guarters for which the absentee rates of
games and nongames classes sre plotled. The standard deviatons for the
nofgames group are also close to each other: (182 for the first term and (191
for the second.
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Fig. |. Abgentee Rates of Students i Crames (G and Mongames (M) Classes of Teacher X in
First Term and Second Term

Teacher ¥ taught [our seventh-grade classes and one cighth-grade class
gach term—all games classes the first term and all nongames classes the see-
ond, A Lotal of 37 seventh-grade students were enrolled with ¥ for both
terms; 23 cighth-grade students were enrolled both terms. In teacher ¥
first-term games classes the seventh-grade mean absentee rate was 070,
with & standard deviation of (106, During the second term. when ¥s
classes were in nongames mode, the mean absentes rate for these same
students rose to .30 (nearly double), with an increase in the standard
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deviation to 140, Eighth-graders in pames classes the lirst term had u
mean absentee rate of J037; this rute rose to . 131 {more than double) in the
nongames second term. The $tandard deviation increased slightly, 10 088,

Table 2 describes data for all students enrolled during the first term in the
classes of the two teachers, including those students who transferred out of
those classes the second term, Teacher X had 37 students in games classes
and 42 students in nongames classes, The mesn absentee rates are com-
puriable 1o those in Table |; the rate is 096 for seventh-grade games students
in the first term; it is .246 for seventh-grade nongames students in the first
term, with standard deviations of (105 und 234 respectively. Teacher ¥ laught
only games sections in the first term, with an enrollment of &8 seventh-
graders and 31 cighth-graders. The mean absenlee tate for the seventh-
graders was 111, with a standard deviation of .166; the rate for the cighth-
graders was 086, with a standard deviation of |68,

I'shle 2
Absentee Rates for Sludents Enrolied in Games and Nongames Classes
ol Teacher X and Teacher ¥ lor the First Term Only

Teache: Cirade _ Firat ' énm
Crames i) Nuongamees (M}
X 7
MNa. 57 42
Mean s i 1
An Jas 2534
¥ T
M. B
Meun 10
Y2 -
¥ H
Mo, 3l
Mean 085
i 168

lable 3 presents the mean absentee rates of students enrolled in the see-
ond term with teachers X and Y. Some students had been in games classes,
some in nongames classes, during the previous term, and not necessarily
with the same teacher. The first column of descriptive statistics is for those
students in games sections throughout the first and second terms (GG). The
second column describes students in games classes the Orst lerm and non-
games classes the second Lerm (GN). The third column describes students in
nongames classes the first term and games classes the second lerm [NG),
The fourth column describes students in nongames classes throughout the
twoterms (NN Asin Tables | and 2, the data are described by teacher and
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grade; the numbers of students, the mean absentee rates, and the standard

deviations are given.

Tahle 3

sceond Term Absentee Fates for Sivdents Encolled i the Games and Nonpames
Claszes of Teachee X and Teacher ¥ in the Second Term. Some of Whom Were

Enrolled with Other Teachers or in Diffecent Kinds of Classes in the

First Term

Teache: Kond uf Clazxs
Ciames Crantas Marganzs MNP
diames MR e CHamts
(] (N} (NG
X
Psian 46 i 9 A6
Mean AL ML JUT 270
S 09z 28 AT 244
¥ £
o, 55 i
Mean A27 i
5 142 136
¥ )
Mo, 23 LG
Mean A3 217
RYE s 527

Three general hypotheses about absentes rates in games and nongames
clusses as indicators of differences in student attitudes are of interest and can
be tested by the dats available in Tubles 1-3. The first hypothesis is con-
cerned with testing whether the mean absentee rates of the games classes are
less than those of nongames classes taught by the same teacher. This
hypothesis can be tested only with the data from the classes of teacher X,
who was the only teacher to teach both kinds of classes concurrently. The
second hypothesis is concerned with testing whether the low ahsentee rales
experienced in games classes in the first term deteriorate significantly when
these students are shifted Lo a nongames class in the second term. A com-
bination of findings—that games classes have lower absentee rates than non-
games classes and that these lower rutes tend Lo disappesr when studenis are
subsequently switched to nongames classes—would constitute strong
evidence Tor attributing the lower absentee rales o the learning situstion
arganized around games.

The second hypothesis can best be tested with data from the classes of
tezcher ¥, who had all games classes in the first term and all nongames
classes in the second term, with many of the same siudents in both. The third
hypothesis is concerned with Lesting whether students who have experienced
lawer absentee tates through participation in games clusses in the first term
and are enrolled in nongames classes in the second term (denoted GIN) have
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a lower absentee rate in the second term than students in nongames classes
who did not participate in games classes the previous term (denoted NNJ. In
other words, does participation in games in the first term have a carry-over
effect that produces lower absentesism in the second term than thers
otherwise would be? Data from the second-term classes of both teachers can
be refated Lo this guestion, since cach ledcher had some GN and NN stu-
dents whose absentee rates can be compared. These hypotheses are sum-
marived in Figure 2. The first hypothesis can be tesied {a) by comparing the

Teacher First ermn  Second Termi
H, X G-——IN
H, ¥ oL SN
I, X, ¥ CN-“-NN

Fig. 2. Summaryof Hypotheses, Null Hypothesis Hi: The absenlee reles in games classes are
a0t foss than the absenioe rates in nongames classes, Null Hypathesis Hy The absentec rates of
sludents in the st term when they wers snrolled o games classes are not less than the absentes
rates of those same stadents in the second term when they were enralled in nongames classes.
Mull Hypothesis FH: The absentee rales of nongames students i the second lerm who were
enrolled in games classes the first term are nod less thun the absentes rates of clher nongames
students in the second term who wereenrolled in nengames classes in thedirst e

absentee rates of studentis in games and nongames classes of leacher X for
both terms (Tuble 4); (b) by compering the absentes rates of all students in
games classes and nongarmes classes of teacher X in the first term (Table 33
and (c) by comparing the absentee rates of siudents in games snd nongames
classes of teacher X in the second term who had been in the sume kind of
class the term before but not necessarily with the same teacher (Table 6).

Table4
Absentee Rates of Seventh-Crrade Students Farolled in Games
Mongames Classes of Teacher X for Twno Terms

Eiral Term Spannd Ter=
daames (0} sonpames [N Ciamas (G0 Mongames (M |
Ma, 42 14 =4 i4
Mean DEL 252 A78 295
sD_ 093 N 091 s
Yalue Signifizaned Wilug
Lave|
F 41532 TR 44084
not ol

f anproprigte 4pprUpnais
* ohs 320 <005 4.11 < 03
1* 003 2.5 .99
= 0005 417 4.17

PiMeang < Mean,  Sample) = 9968 | FiMeanss < Meungy | Sample) = 9995
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lable 3
Abzentee Rales of Seventh-(rrade Stode Enralled in Games and

N mes Classes of Teacher X
First Term Crames (il
M. 57
Mean L1
D 03
Walue
5 49814 JHHK]
! nol g pproprile
i obs AR =, 03
%0005 3.54
B FPidean,; < Mean, | Sample) = 9998
Tahle
Absentes Rates of Seventh-Grade Stodents Enrolles] in Ganes and
Nongames Clusses of Teacher X in the Second Term
S Liames (] Mangzames (™)
N, Al 1]
Mean 052 270
&6 a2 244
Vit Sierificanoe
Level
' T.0626 (000
I nat appropriae
1* obs 4,29 < S

* 0005 3358

FiMeang + Meany | Sample) = 10000

I all instances, the null hypothesis is that there is no ditference in the
absentes rates of sludents in gumes and nongames classes. Table 475
statistics describe the students enrolled with teacher X throughout both
terms (from Table 1) The # ratio indicates that the variances of the two
aroups are quite different. A student T statistic, which assumes egual
variance, is mappropriate. Therefore, the Behrens-Fisher ¢* statistic, which
adjusts for differences in the N and the variances. s used, The results in-
dicate Lhat the null hypothesis can be rejected wt o significence level of
< 0035

The probability that the mean absentee rate lor games classes is less than
the mean absentee rate for nongames classes is 9968 lor the first term and
3995 for the second term. This is a Bayesian posterior prohability statement
based on s fal prior probability distribulion, [L takes inlo accounl unequal
varignees and vwnequal N's and is based on the Behren-Fisher distribution.
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An equivalent statement for the first term is P(Means < Mean, Sample)
- 1 — 996% — 0032, As the probability approaches 1.00 (or 0.0
depending on how it is stated), the observer can be more certain that the
data indicate that one mean is larger than the other. As the probability ap-
proaches 500, the observer becomes less cerlain that one mean is larger than
the other. The Bayesian posterior probability is presented as an alternative
way Lo view the datu. 11 does not test the null hypothesis as the 1 statistic 15
designed 1o do. It simply says that given this sample and no prior
knowledge, there is a certain probability that one mean is greater than the
other.

Because the number of students enrolled both terms with leacher X in the
nongames group was small as compared to the number af students in the
games group in Table 4, il was decided Lhul each term should be analyzed
separately. Tuble 5 contains the analysis for the first term: Tuble 6. for the
second term, Note that the F oratio again indicates u big difference in Lhe
varianees of the pames and nongames groups. Since the games group
absentee tule is so close to zero, it is understandable that its variznee is con-
siderably less than that for the nongames group. The * analysis that adjusts
for unequal variance and N's is consistenl with the former; that is; the null
hypothesis cun be rejected ul a level of signilicance of < 0005 for both
terms. The probability that the mean absentee rate for games classes is less
than the mean absentee tate for nongames classes is 9998 the first term and
| (000 the second term,

Turning to the second general hypothesis, the question ist When students
are swilched to nongames classes following a term with games, does the low
absentee rute schieved in the first lerm deteriorale (increase) in the second
term? Tables 7 and % present data for students who enrolled for two terms
with 1eacher ¥ in games classes the first term and i nongames classes the
second. Tahle 7 describes seventh-graders: Table 8, cighth-graders, The

Tabie 7
Ahsentee Fates of Seveath-Cirade Students Corolled in
the Giames and Nongames Classes of Teacher ¥ lor
the First and Second l'erms

Fiarst Ferm Sosand Term
aames O} msngaraes |G
M 57 57
Mean 076 130
50 106 140)
Mean difference 54
Sk A6
i 5.3
Snificance level DGR
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Tahlg &
Abgentes Ralés of Eighth-Grade Students Cnrolled in
Games and Nongames Classes of Teacher ¥ for
the First and Second Terms

e, 23 23

Mean AE7 |.._ 3l

&0 ATl %

Mean differcnce A7 -
5 084

L 5.0

Sig cance level RS

matched ¢ analysis indicates o highly significant diflfcrence between ahsentee
rates for the first-term games and Lhe second-term nongames classes,

The null hypothesis—that the shsentee rates of students in games classes
the first term are not less than their absentee rates in nongames classes in the
second lerm—must be rejected for both seventh- and eighth-graders: the
sighificance level of the ¢ for matched groups in hoth cases is 0000, The
mean absentee rate for seventh-graders in nongames classes is nearly double
that in games classes (076 1o .130), and that for eighth-graders is more than
double (037 o 131

The third, and final, hypothesis deals with the possibility of some carry-
over effect from purticipation in games in the first term to lessen absenteeism
in the second term. Absentee rates were compared for two groups ol stu-
dents enrolled in nongames classes in the second term: onc group of students
had been in games classes in the previous term (GN), one group had been in
nongames classes in the previoos term (NN). The dale are summarized in
Tables 9-11. The null hypothesis is thal the second-term absentee rate of
OGN students s not less than Lhal of NN students.

Tuble % summarizes the data for the seventh-grade students of teacher X
The second-term mean absentee rate was 193 for GN students compared ta
270 for NN students, s ditference of 077, Since the F ratio indicates
difference in the variances at a 0222 level of significance, the Behrens-Fisher
* value was computed (* = 1.272), This is not significant at the 03 level
(t*0 = 1.764 and r*,, = 694 by the Cochrane-Cox approximution):
however, it s significant ut < 10, The evidence {or rejecting the null
hypothesis s marginal; it can only be rejected ul the 10 level of significance,
An alernative way of characterizing Lhe evidence is by a Bayesiun posterior
probability statement: P(Meangy < Meanyy | Sample) — (8950,

The dats Tor teacher ¥s seventh- and eighth-grade classes, summarized
in Tubles 10 and 11, support this marginal finding with respect to the carry-
over effect. The difference in mean absentee rates for the seventh-graders is

March 1976 125



0330127 to J160) and for the eighth-graders 086 (0131 to .MZ_”_. These, too,
are significant only at the < .10 level. The respective Bayesian posterior
probubility values are 8330 and 7835,

Tahle 9 .
Ahsentes Rules in the Sccomd Term of Seventh-Cirade Students Enrulled i
{1} Mangames Classes of Teacher X the Second term and
(31 Ciames or Nongames the First Term (Not Neegssarily
with Teacher X the First Term]

Ahsenive Bate on Second Term

Firsi Tarm Ciamas Monganies
Second Term womgnmes

(iGN
Ma 10
Mean "._mu.
i & A

Value Sapneficanoe Lyvsd
¢ 36584 a2
! noL Appropriic .
1 Gibs l.34 <0
=05 .76
=10 b9

PiMeangy < Meang, | Sample) = 8930

Fable 1D
Absenlee Bales in the Second Term of Scventh Geade Students Enrolled in
(1} Mongames Classes of Teacher ¥ the Second Term “w_.__.._
(2} CGiames or Nongames the First Term (Mot Mecessarily
" with Teacher ¥ Lhe First Term)

Absenle: Rars i Second Tecm

First Term ._.|uu_.|:u
Second Term Wongzmos
G
Mo 55 25 o
Mean 137 Y
50 142 &
Wialug Significance Level
F 1.808 4209
4 42 <10

PiMeangy < Medng g | Sample) = 8330
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Table 11
Absentee Rates in the Second Term af Eighli-Grade Studentis
(17 Nongames Classes of Tescher ¥ the Second Term and
[2) Games or Nongames the First Term (Mot Megessarily
with Teacher ¥ the First Tenm)

Absentee Rate in Second Tenn

o 23 10 a
Mein 13] 217
18] R 327
Walic Rignificanog Lol

I 1 3,800 AKXEH)
! not Apprapriale
" nhs B2 <
t* 05 L:R2
.l M

P {Mean g 7 Meaney | Sample) - 7835

In summary, the results indicate the following:

(1) The probabilily is 999+, given these samples, that the absentee rate
for students in games classes is less than that for students in nongames
classes. The null hypothesis—that the absentee rate for students in games
classes is not less than that for nongames classes—can safely be rejected. In
these samples the mean absentee rate in nongames clusses is more than Lhree
Limes that in games clusses,

{2) There is a statistically significant rise in the absentee rates of students
switched from games clusses in the first Lerm to nongames classes in the sec-
ond term. The rutes just about double. The null hypothesis—that there is
no increase in shsentes rates when students transfer from games to non-
games clusses—can safely be rejected.

The three-fold difference in absentee rates between games and nongantes
classes lor teacher X, combined with this doubling of absentesism when
students are switched outl of games classes [or another teacher, is strong
evidence that this instructional gaming situaton murkedly decreases
absenlecism,

(3) The evidence for carry-over effects, however, is tenuous, A lthongh stu-
dents from nongames classes in the second term enrolled the previous term
in games classes are more likely (about %) to have a lower absentee rate than
other nongames students enrolled the previous term in nongames classes,
the data is marginal for rejecting the null hypothesis that there are no CALTY-
over effects 1o lessen absenteeism in the second term, The null hypothesis
can be rejected only al the .10 significance level.
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Discussion

That there were profound effects on absenteeism in the Detroit inner-city
schoal where this study was conducted when an Equations instructional
lournament was introduced into the regular mathematics curriculum is
hevond reasonable doubt. The evidence is clear that absences dropped
markedly. Interpreted as an indicator of students’ attitudes toward school
and what is being done there, such lower absenteeism is perhaps one of the
strongest and most pervasive gauges possible of the affective influence of a
procedure. To the extent that such gaming technigues jolt this affective
dimension, they undoubtedly set the stage for influencing the cognitive
dimension. It is hard 1o improve the way Russell said it in discussing the
gpood life:

Although both love and knowledge are necessary. love is In asense more lundamental, sinee

it will fead intelligent people 1o seek knowledge in order Lo find out how to benelit those whom
they love.
With the games, il is clear, there can be success in creating the love. The next
question is obvious: Does it lead to the secking and achievement of
knowledge? In intelligent hands, it should, On this dimension, we need to
find out more,
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