el g TN T SRIR TR GRSy Vi stk
3.; «J wx. o) MW». a ...?v .lhrv'b
?::.,..f ?e
. B 3.5 .15\7 d
-~ I
. - e T N »
¥ ' -
o A .
. . s
- . N
. PR
m ] )
’ - - . -
A\
r
; s -
S
B -
-~ - 4
v - = .
A .
» .
v .
* . R .
. N
f
- N .« - K - n u m N
. - x
. . 9 —YH
. + . ~ . H
EEAE g e oo - - . H ..
R AT ) . E <
e, /3&%\? g, 1 a1 3
; knt««»ﬁv&p\/:uc sibidgds . L 3




‘ DOCUNENT npsuf&'
\ ' . : ',.- . ) —— -
ED 149 720 T . o IR 005 490

1

A'UTHOR Alleny layman Ee: Lnd Gthers : -
TITLE * What Counts in How the Game is Played: Increaszng ¢
: . Achievement in Learning Mathematics by Changing the
' " - ‘Scoring in an Instructional Gane. . ~
PUB DATE. - pec 75
NOTE 18p.; Paper presapted at the Natlonal Galing Coun01l
./ (Los Angeles, Califorrnia, Decelber, 1875)° ’
EDRS PRICE MFP-$0.83 ac-s1 67 Plus Postage. ' r
DESCRIPTORS . *Achievement Gains; classroon Games; *Educatzonal
, . Game's; *Junior High Schools; Mathematics; ..
'*uathematxcs Instructica; *aathelatlcs uate:iaas;
*Scoring. Student’lmprovenent . o

r

[4 . N

ABSTRACT LT ; S

N - In thjs study, two experiuents indicate that. -
nodifdcation of the method.of scoring in the EQUATIONS gaxe enhances
achievement 'in learning specific mathematical ideas. The experinental
”scorlnq method (4+ scoring), which allcws learners to obtain bonus
points for constructing more complex solutions was introduced into
year-long instructional gaming tournanents in two.classrooms: a
seventh-grade class in an inner-city school and an elghth-g:ade class
in a suburban university-community schocl.. The sesults ir the
experimental classes were compared with those in corresponding’

2

- classes taudht by the same teachers in which 'the_conventional scoring

method was-used. The mean difference in pratest/posttest results was
nearly three times as great in the experimental class as in the-
control class in ‘the eighth-grade. group, and wearly dcuble in the
seventh~-grade group. The results seea to -have implications for the
pé‘éntial for improving learning processes by channelzng attentlon
approprlately. (Author/vr)\ o

Reproductions supplied by EDRS are the best that can be nade !
* ‘from the original document. -

.

Q

*% *#**#****#*********************#**********t*#****ﬁ#*****#*#&********

g
+ %

*************************###***##****************#****** *******#****#




AR

’ i . . -‘ n Y N ”
‘ - ¢ B [ ® PR )
_ﬁ;___.....,.... P QU R 2 - . L. N © s g+ ) & et o o o gm vw = r——————— .‘...:.—.. P
- - S -
- : j '
# . ’ ’ ; s - . N
, ; ‘ : o A .
1Y - \ N
— . . e . v -
(- o . . .
. ] ] e
bY ‘ \ ' - N . s ) s y X . ’ ;
r . . (3] 4 . » . ) ;
o) . ) o ) ) . .
! US OEPARTMENTOF HEALTH, - -~ ] A
- 3 - i . . EDUCATION & WELFARE i .
y Y. NATIONAL INSTITUTE OF 28 ) . . . X -
o ! . ., . EDUCATION A - - . - - R
) ’ ¢ . -~ l' R
Q i THIS DOCUMENT HAS BEE PRO- . .
' DUCEO EXACTLY AS RECENEO FROM ‘ «
LLJ' ) M THME PERSON OR ORGANIZATION ORIGIN- s N .
T ATING IT POINTS OF VIEW OR OPINIONS T ) .
T o : STATEO DO NOT NECESSARILY REPRE- . e .
‘ ’ “SENT OFFICIAL NATIONAL INSTITUTE OF NN -
* EDUCATION POSITION OR, POLICY . . . PR .
- ‘ ' _ ’ /
‘ B ) . ‘e ' v'_“ 2] 4
. ) ) . woto , ‘
L) . ; N ’ . f
. ’ .~ . - . . . .
. ) . ) . i ~
’ . i ) ’ . . L - c,
e ' ’ ) ' . . / . <
. ] ‘
' \d ’ . hd ., - A . - . \/ . .
e ., a ., < ( -. , y . .
WHAT COUNTS IN HOW THE GAME IS PLAYED: INCREASING ACHIEVEMENT /iN . -
. - ) . ’ . ]
& .
Y L Y -
b LEARNING MATHEMATICS BY CHANGING THE SCORING IN AN . h
. . R
* : - . ~ ) - ¢
~ - g .
- INSTRUQTIONAL%GAM‘ | < "PERMISSION TO -REPROOUCE THIS
: -t PN : a MATERIAL HAS BEEN GRANTEO BY
< 4 . vy o, ’ * X )
. Layman E, Allen ©on
' 7/ \ » .
r 3
. ) , |
o ’ . ¢ TO THE EOUCATIONAL RESOURCES
' ; < - ’ | INFORMATION CENTER (ERIC) AND
o ’ b - \ USERS OF THE ERIC SYSTEM.”
. . y. : .
—_—— . . L . y
. = £ N R , . &
. Tt . . ’ s
Layman E, Allen, Gloria Jackson, Joan Ross  and Stuart Whit® .o °
! N b Y LI . - - .
. A . . j
. . ; ‘.
. . ‘ !
’ ’ ’ . . . 3 .
= LY L3 . N
! v ' ‘ T . g .
’ ) N - -
* - b - 14 » . . . N A
A A 0 Py N . . )
1 . 5 ‘:5‘(
' v D ES & L4
-t $ - l ‘- . -
Q ~ , — N -~ .
. J‘ - . ‘. .
¢ B
m -y s v .
‘. ¢ LY . T
‘ -
} 3- - . .
~ T, ‘ ' . '
>, S . . . a et 4 . ' k
~ ) - o . - N i, i . .
e .- ‘ )
Q Tt . ° )
U's) S | \
‘ ' ot o J
Qs ., ¢l . | y
- L) . \
' (e . — . >~
Q * . ,/' N o, ) ,o@ N .
» L 33 . , .. . .
. : .
~ - ) ] V
. . s - 2 . ) . - -
Q .. ' , -
ERIC - ", AN L .
L & - e e - ‘ . . "




. .
Qe .

<
* .

/‘.

N 4 .
WHAT COUNTS IN HOW THE GAME IS PLAYED: INCREASIQG ACH?EVEMENTZIN '
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INSTRUCTIONAL GAME*

P
by _ .
;oria Jéckson; Joa Ross,‘andﬂStuaft;White -
University of ﬁichiganf *

t

»

A

[ . ‘

‘
-

Layman E. Allen, G

. . <
»

.

3 # -

¢

* ]

v ~ . '
, Prior investigations have indicated that_ipstruational gaming has
strong effects in enhancing motivation and achievement in*learning "
mathematics. In this study two éxperimentg indicate that modification of "~
the method of scoripg in the EQUATIONS game further entfances achievement
in- learping spéciffé mathematical ideas -- more than doubling the mean
increase in test results. The experimemtal scoring method (4+ scaring)
was introduced into year-long instructional gaming tournaments in two -
classrooms: a seventh-grade class in an urban inner-city school and an
eighth-grade.class in a suburban'univgfsity—éommupigy school. The &4+

scoring is a relatively minor mgdification of t¥e conventional scoring

hl

method; it allo¥s learmers to obtain bonus po
complex solutions in the tournament play.

tournaments. was used,
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,magnitude of the relative difference in ‘achievement
.minor modification of procedure s« urpr%’ g. 1It-i§ grounds for optimism . |
“* about the potentialities for impfoving learning proceésses by channeling

attention appropriatelﬁ.' S 3
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WHAT COUNTS IS HOW THE GAME IS PLAYED: “EFFECTS IN INSTRUGTIONAL GAMING

-

OF CHANGES IN SCORING.UPON LEARNING ACHTEVEMENT ~
) : T : N -

9" by . ':‘J B o ' v
Laymdnh E. Allen, Gloria Jackson, Joan<Ross;, and Stuart -White

4

Uniﬁersity of Michigah
INTRODUCTION f
‘ : [ ' ! :
Prior %nvestigation indicates that’ingtructional gaming can be an -
effective tool for enhancing both motivation and achievement in the

1ear§ing of mathematics. This study explores the extent to which °the

~

. %ffectiveness'of.in§tructiqnal gaming in facilitating the learning -of

Ay

)

«

specific mathematical ideas’ can be increased by incorporating deviées -that
chanpnel learners' attention upon those ideas. 1In particular, the effect
of channeling attention by changing the method of scoring is explored.

} \
N

Background . s ) )
- . .t \ \
.Research on the use of RA-type (Resource Allocation) nonéiﬁula;ion
games (Allen, 1972) began in the early 1960's with the first of -this”-type
of game to 'be published —- namely, WFF 'N PRQOE:' The Game of Mbderg ’
. Logic (Allen, 1961). Initial results showed that an intensive exposure
to the WFF''N PROOF materials in a classroom tournatent was accompanied
by significant increases in the scores of participants on the nonlaqguage
part of ,standard I.Q. tests (Allen, Allep & Miller, 1966; Jeffries, 1969);
" the'mean increase in one study was more than 20 points (Allén; Alﬁgg,&
Ross, 1970). Subsequent investigatidns with a game designed for. facilita-
ting the.learning of mathematics — EQUATIONS: The' Game of Creative
Mathematics (Allen, 1963) ~— showed that its use in ‘4 classfoom tournament
setting was accomparied by significant increases in iie]
vation and aechievement. Using student éHSeﬁgpe as. a“pervasive'and
pragmatic‘fndicator of motivatjon in the 'sen of student attitudes ' toward
the learning environment of the mathematics” classroom, ‘results' of a year-
loggﬁﬁtudy in a Detroit:inner-ciby s;Epol showed that the mean ebsentee
rate in classes employing instructiomal gaming in a tohrdhmént.ﬁtructure
was significantly less than (1e§é,fﬁan gne-third) the corresporfding rate
ih control clasées (Allen & Mair, 1973). Using.observations- of student
behavior, studepts' reports of /their relationships wi;hvclasgmates,‘ahd
students' reports of the classroom envitpnment as indicators of-v'rigus-
aspects of the total classroom progess, DeVries. and Edwards (1973) repprt .
that mathematics classes using Instructional. gaming tournements had . -
significantly ‘more peer tutdring and that students perceiyed the class ,
as significantly more statisfying, - less difficult, and less co@betitfve
than students in control classes) The same. inVestigatdrs algo’ found
indications of greater ggcialifégegfation in instrucgional gaming classes ,
: > i ) ) , ) , -
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‘than in other classes, thete was signiflcantly mre cross-race,and cross-

,Sex. interaction (DeVries & Edwards, 1972). Perhaps not surprisingiy, in

the same series of studies there ,were signlficantly greater gains in o
mathematics achievement as indicated by Stanford Achievement Test and b
a specially-constructed divergént solutions test on the part of those **
classes engaged in instructional gaming that experienced these more
positive social and motivational effects than in the control classes “,
(Edwards, DeVries & Snyder, 1972). There had been earlier indications
. of increased gains .in mathematics achievement accompanying the classroom’
tournament -use of the EQUATIONS game; four months of instruction using

" gaming resulted in an average increase in arithmetic reasoning of 1.3
‘yearg, seven months mote than the average gain in the control class
(Egerton, 1966) . Subsequeht studies ténd to confirm. that strong effects
upon achiévement result when the: instructional gaming' experience is

N\

, accompanied by attention~channeling techniques that focus attention upon

specific mathematical cancepts. One of these techniques uses a solitaire
version. of EQUATIONS with_ printed pamphlets called IMP. (Instructiomal
Math Play) Kits; they simulate a computer playing the game as an effec-
tive teacher of a specific, concept (Allen & Ross, 1971). Students who
used the IMP Kits \during five class periods:over a two-week period
sustained significantly greater gains (doubled their performance scores)
than did students who were otherwise presented the same content in
control classes on tests containing extremely difficult problems (see
Appendix A for examples) on concepts presented in the IMP Kits (Allen &
Ross, 1974a; Allen_& Ross, 1974b). However, no significant changes
occurred in either the motivational or achievement dimension when the .
EQUATIONS game ,was used for a shorter period, without the cooperative ’
features of the- learning environment introduced with the games, and
without the tournament.procedtre, which'is designed to individualize .
‘the probrems presented to ®ach learner and to equalize the reinforcements
‘hchieved aﬁong all members of the class (Henry, 1973) :

4
Channeling Attention Upon Specific Mathematical Concepts

. The basic game of EQUATIONS allows participants virtually complete
freedom in, determining which of various elementary arithmétic ideas they
will ‘deal wdth but it can easily be modified to focus -attention upon -
specific ideas. The game is played by two or more person® with the - . .
objective of finding ways of expresaing equations by using simple arith-
metic -operations and numbers. Oné player defines the Goal (the right-side -
of an equation) by selection of some of.the numbers and operations . .
provided by a roll of a dozen or mbore special dice. The players then "
try to come as close as possible to supplying the left side‘of the equation
- (the Solution) Wwithout actually doing'so, by moving one dié “at a time from.
the remaining .dice. If a mover getd too close to a Solution or prevents
~all Solutions (by eliminating:crucial dice from play), the other players
have an opportuynity to win, by challenging ‘the errant.mover. _All completéd
EQUAIIONS games end with some (non-null) subset of the players having  :

. ’ . -
J 1 Fy . N
£ 4 . B . »
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(1973).

- shall ‘'not represent the division operation; instead-i
* vthe imaginary number i. . ) \ S -

- played.
.equglity relat%onship between two expressions as in Basic EQUATIONS (i.e.9

the burden of proving- that there is a Solutloﬁ equal to she Goal that
can be built from a constraiped set of digits “and operators. They score
points if and only if they write such a SoluFion Those who.do not have
the burden of proof score points if and -only if nobody writes a ‘Solution.
In/Bagic EQUATIONS the characteristics of the Solution, written are .amim- -
_ portant with respect to the scoring. A player can write easy Solutions

or ones containing difficult ideas, and. neither will make any diffgrence
in his or her scofes. The score of a player is independent of the Hegree
of difficulty of the mathematics used in writing a Solution. To the
extent that there ‘is incentive to players to learn more sophisticated
mathematical ideas in Basic EQUATIONS, it is provided by the game struc-
ture: those whose understanding is .deeper or whose knowledge 3f content
is broader are .more likely to win. TFor a mQre getailed account of . '
EQUATIGNS, the qgjssroom tournament setting in which it is used, and the

team organizatioh for elicmﬁing cooperative behavior, see Allen & Main ~

, - .. N

\One of the most pOWerful means of extending the scope of the ‘basic
game and channellng attention qn specific mathematical concepts’ is _through

ariant of the gamé called Adwenturous EQUATIONS. 1In this variation the
pfaxers become games designers as well as; continuing the’ three %oles they’
p%rform in the basic Bame:- learners, teachers, and diagnosticians. They
create new games 'by adding rules fo the basic- game, introducing ogher
mathemitical cepts by way of.thé added rules. For example, an adven— ‘
turous rule thZt“emphasizes the relationship between fractions and.
decimals is: (a) When building a Solution, a player must specify where ~
the decimal point(s) occur in the Goal, but no decimal points are allowed
in the Solution. %Thus, a Goal of 2x3 -cam be- interpreted as 6 .6, or -
06.) Examples of~adventurous rules that extend the” mathematical content .
of the pldy are: °(b) The -.” die shall’not represent the subtraction
‘ operation; instead it-shall represent the log dperation. (c¢) The = die
shall représent

'\ - A second method for channeling attention upon specific mathematical

‘concépts is through variations of "the’ Playing Mat on which the game is ‘
For'example, instead of dealing only'with equations’ involving the

Solu ) by’ ¢hanging the PIaying Mat the game can be generalized
to emp 28ize ogher relations. A Playing Mat with A .‘< B~ .
yould Snphasize the "léss’ tEan" refation, while a Playing Mat with’

' - is® one~half of . would focus attention on the concepts of /
ratio and\proportion by means of the "is.one-half of" relationm. The'

. following Playing.Mat would structure a variant of EQUATIONS to focus

attention upon the concept of place-value by allowing players in moving
the dice to require or'permit other players to use numbers with Various
place values: -

.-

2y H Y ., . -



Forbidden . | ~Required

Tenths Placé'

N
Tens Place*

. Uﬁits Place

Hundreds Place

~ .
*

r

A third method for channeling attentiof upon specific mathematical
" concepts is through puzzles associated with yarious stages of play'in the _
gama. For example;, the idea of dividing by a fraction would be emphasized -
by the following puzzles: Using just one die from the Resdurces, as many
as you wish from Permitted, all of those that are‘Required, and none of .
" those, from Forbidden, construct a %olution thdt is equal to the Goal with-
) outtusing any nultiple-digit numbers.

hY . v
Resources’ + Permitted Required . Forbidden &

4

A

6-- 2

= 12"/
Solution Goal : .
Such puzzles can be used to stimulate thought,in the classroom in a'variety
of ways§: ‘as a coOperative activity for the teams, as remediél work for
individuals, or as homework or otherwise for the entire class. ~

. A fourth method for channeling attention upon specific*mathematiqal‘
ideas, one already known to be effective for increasing mathematigs achieve-

° ment, is:plkay qf EQUATIONS by individuals using the IMP (Instruct nal ’

" Math_ Play) Kitss The kits are pamphlet-gimulations of a highly-branched
(usually involving thousands of alternative pathways) computer-assisted
Instruction program, each designed to make moves 4n’ such a way as to -
direct-the uSer to torsider a specific mathematical’ "idea. (For«a.more,
detatléd description of the IMP Kits, see Allen & Ross, 1974a). - For
example, in the following situation by moving‘the + die to Forbidden.
IMP Program would extinguish the obvious 4+5 Solution-Possibilitx,and
thereby ultimately lead the learner to:consider a Solution involving the
subtractibn of‘a negative number (the idea it was, degigned' to teach):




=

. Experiexnce with the IMP Kits clearly’ suggests the importance of' channeling
attentign on speciggc content as well as the frequengy’ and immediacy, of -
.-feedback .as factor .contributing to the effectiveness of mathematicsw
- leaming. , . - 0
. A fifth method for channeling attention jupdn specific mathematical .
ideas: ~ in' this case gpon "the more complex ideas that may arise in, the
course of play -- is a4 method that thexe is veryt little experience v(lth as
yet; it is a variant of the basic gam® called the "Snuffing versioefi. In
this version a player can gain a ‘bonus point on his" -or ber turn by ¢a)
writing out a Solution-Possibility publicly for all’ the other players to
see and then (b) making a move that "snuffs out" (expinguishes) .that
Solution~Possibility. The introduction of .the snuffing rule incre Les the
feedback possibilities enormously among the players about Solution involving
. different mathematical ideas. Instead of showing each other a Solution
only once — at the end of the play of a game en one, of the playens has
.the burden of proof as is the case "in Basic EQUATIONS —-~'in the anffing
version there is. incentive for ‘players to' show a Solution tp each other on
every turn. It also shoulﬁ havg the effect of getting rid of the Solu—
tions that involve only relatively easy ideas early in the play of' a game.
and gently nudge the players in. later play to explore more ‘subtle
Solutions involiing ideas that are more compléx. Angther effect of the
Snuffing version with its writing out -of Solutions of every move, is that
it seems to slow down the pace of play, unless some compensating adjustment
is made. 'The pace of a play can be re-enlivened By having each player nake
two moves when it is his or her turn, instedd of just ope. Still another
effect of the Snuffing version, unless compensdted for, is to decrease
the importance of -the play at the end of the game; the regular scoring for -
achigvement in sustaining the burden of proof -by constructing 4a Solutipn’
- 1s swamped by thesponus scoring. It was in responSe to this difficulty
that the &4+ Scoring Method was ‘devisedy it is a.sixth method for channeling
attention upon~specific mathematical concepts and the method that is_
investigated ,in two intact-classroom experiments in this study. In general
it is a technique for providing dncentive to learn more mathematical ideas -
~ by making ‘the players' scores depend upon the quality of the Solutions
offeted: The more complex the ideas used in a Solution, the higher the
score. The 4+ Scoring Method is described in—detail in the next section.
There, aré undoubtédly many* more methods for channeling attention upon
specific ideas. in’ conjunction with EQUATIONS imaginative teachers have
already devised a number of thema and many more are likely to be forth-
qpming. : 4 PO , o. - -

Subjects . ’ é% - ' . \\}
[ % . N
i The samples in these two. experiments consisted of 37 students from:
two eighth-grade classes at fﬂague Jinior High School in An Arbor, Michigan
(a suburban umiversity community), and 47 studernts from two seventh—grade o




classes at Pelham Midd®e School in inner—city Detrofit. They were all the
students .enrqlled in the four classes for the full year for whem both pretest - |
and posttest scores could be obtained. The Pelham classes.were hetero-
gereous; the students were ndét selected in any way. At Clague the top 15 N
petcent of the eighth graders:are encouraged to enroll in an algebra class,

. rather than in one of%he regular mathematics elasses. Other thanthis, the/v :
two ,regul2r mgthematics classes at Clague in the study were heterogeneous —
and the students unselected. Z

. Experimental‘ Conditions

.ot
There was an experimental class and a control *class chosen at each
*school before pretests were administered. At each school the same teacher
‘taught both classes.! Both had experience in using an EQUATIONS tournament
~ in their regular mathematics classes: - the Detroit teacher, three years
experience; the Ann Arbor teacher, one‘*year. The control classes ‘engaged
in a regular EQUATIONS ‘tou ent once a\week ‘throughout the school year
and "had regular classes, lffe other four day The experimental classes also-
engaged in an EQUATIONS tournament once ‘a week' and had regular classes the
ther four days, put they used the 4+ Scoring*Method ‘rather. than the regular-
. ring method in their tournaments. Thus the’ only knqwn difference betweém
I A t two ‘ctasses at éach school was the method of scoring in the EQUATIONS
game used im their once—a-week tournhment.play. * The, teachers were the same,
the amount of tournameént play was the same, the amount of regular classroom .
time was the. same, thge mode of assignment of students to the classes being % )
compared was, the same, and the average pretest scores were not significan’tly
different, ' . . " -

» .
In the regular scoring for EQUATIONS the number of points that a E
player receives in the’play of a complete game depends upon (a) whethe
he or the other players sustain the burden of proof that there is a {olution‘
" and (b) whether he is the Challenger, the Mover), the Joiner, the Declazer,
or an Other player. The number of points regular scoring ranges from =
-1 to 2, .it is summarized in Table 1. .

-~

‘The number of points recﬁit;d by a player in no. way 'depends upon the .
characteristics ¢f the Splution that he offers. The only thing that matters
is that it is a Solution, it dogs.not matter how- simple or how sophisticated
the mathematical ideas are that the Solution exemplifies. -

4 37, 4.
o
The 4+ Scoring Method is just tlg opposite iﬁ this respect. A player s~
score_is highly dependent upon the"charrac.t;eristiés of the Solution that | -
he or “she offers., A player can obtain up- to four\bonuses, depending upon
how "interesting" the Solution pffered is - hence, “the name: -4+ ‘Scoring;wi_

N .
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CA ' ’ ° + . 'Table 1
. . @ |t . . R )
’ 4 " "‘Regular (R) Scoring o . o0
L ‘ N - > N ‘ L4 \ ~ ' ’ .“ »
. Points. *- . For What ' . ' . T o
] ‘ - . 4 - L4 ‘ ' ‘
. e 2 . Win by Ch;llenger, Mover or Mover-Joiner. ,' . \v“
-4 L d - - Ennadtel ’ " )
S 1 ' -.Win by Challenger-Joiner or any player who )
. . N . buyilds a Solution in a Force-Out. .
A o . - 1 Loss by‘any player or failore_of a player - { . \ y
e ' other than the Force-Out Declarer (an ™ : .-
; .o -Other player) to build a Solutidn in a’
b Force—Out
. i ° < . i IS ~
- *
. 1 ’ Failure of the TForce-Out Declarer to build
| I a Solution in aKForce—Out. . ) . . ~
5" l (] : - . Al
! - < —

»

. . . . ‘s ‘ P

What ma%es a Solution "interesting" is the set of mathematical concepts that

it exemplifies. 1In the 4+ Scoring used in this study there aré 23 different "
concepts for which bonuses may be obtained. Fqr example, a player gets a
bonus of+d point if his Solution uses the - concept of exponentiation, 2 pqints
if it uses the concept of negative number;y3 points if it uses the concept of.
*division by a fraction; 4 points if it uses‘:the concept of a root of -a
fractian; and 5 points if it uses the cohcept-of negative exponent. Thus —
g Challenger who ¢ffezred the Solution, 4:[3%(6-7)], for a Goal of 12 would -
rective fou: bonuse7/fihe maximum number) totaling 11 points, and his total
score for that-play/of the-game wodld be l3 poin

following 4+ Scoring formula.

N " 4+ Score (Regular Score) - (Up to, 4 Bonnii37/ . K ,1
. , N *~ » e - - v
~ . . [ ' v P 7 F . . * ‘
84 R+ B

*

s in agcordance with the

.

- . -
. . ’ .-

Negative number (6-7) . -t
" Negative exponent (3*(6-7)) \
Exponentiation. (%)

Division by a fraction (4+[3*(6~7)1])

.

R

4-bonuses c

.
'\-,

F:L; N

(G
13 =
o~ .-

(In E&UATIONS tEe concept of exponen jation is denoted by an asterisk. - For
example 3%2 = 3° = 3x .3 apd 2%4 = 2 = 2x2x2x2.) It is possible for a '
player‘to get up to 22 points‘on a a cbmplete play-of a, game. of+ EQUATIONS ; .
to get’ the maximum scgre he or ‘she would need te® build a Solution that used ™

.o T . [3




all fouf~of'the‘6~point concepts. Of the 23 concepts for which bonus points
“are available, five are l-point concepts, five are 2-point concepts, five

are. 3-point concepts, four are 4~point concepts, and four are.5-poing

concepts. All 23 ‘concepts ‘and their point value, as well.as detailed exempli—

fication of each, are presented in the Appendix B. - .

s .

At is perhaps worth empﬁasizing that there is nothing spécial about -
‘the .particular 23 ideas that are presented in the version ef &4+ %doring
used in this studyaﬁ The. number 0f concepts for which bonus points will be .
awarded which concepts, and what point value can all be varied in accord -’
with What tlie classroom teacher thinks is important and wants to focus

' attention upon by the, scoring. Thus 44 scoring is highly flexible means.
for channeling attention upon whatever mathematical concepts a teacher
judges to -be worth emphasis . . -~
o / ‘ T ..' '

Dependent _Variables . . -

L]
»
- 1

- The effects of the learning experiences of the experimental classes
and the control classes were measured by fox specially-constructed series
- of pretests and four posttests. The first pair of: tests were the same .
type of C-tests.and R-tests used in the IMP Kit studies; the latter Lo
. Consisted of 21 extremely difficult.R-type problems 1nvolviﬁ§mthe 21 concepts . N
- presented in the IMP Kits plus four, "throw-away" items that were not counted
in the sdoring. There is close correspondence between these 21 concepts ,
and what is emphasized in'the 4+ Scoring, used in thig*study, 18 of the 21
are concepts for which bonuses were given. An exampla-of.an thype problem

%

is - the following. ; ‘ . $%?4%&

-

N ,Columﬁ ct

'y

R ~--136 - 8 ~© . .

s " Column A | ‘.. Column B.

~
’

By writing an X in the YES or NO column, indicate whether or not all
‘of th¢ characters in Column. A can be appropriately ordered;and grouped
(insérting parentheses wherever necessary) to form an expression equal
to the number in Column B. If your.answer is YES, write that expression
in Column C. L ‘ — . > - . .
L 99 M 2
An example of a C~type problem involving exactly the ‘same- concept is the
following tL ) Gee 0 0T agg

- e P S w

2

: (C) 6-—(1—3) T . -
3 “a S/ < AR f“ . ‘/ A

LATL that is involved in|the C-type problem is_ compgxagion - i.e 3[gvaluating
an expression. However, with the R~-type problem,, onlyéis compucakion !
involved but.the problemsolver also struggles wit -aspect of ' applying
an idea; he or shé mst recognize somehow the relevance‘b} the concept of
subtracting negative numbers for solving the problem In-general ?hep the .
: : Wb .
Py
WA

et
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R-type and the C-type problems involve the same concepts, thé R—type ‘seem °

. tq be about three times as hard as the C-type; students and'teachers get
%about one-third as many R-type.probléms correct as they do of ,the corresponding
C-type problems. This first pair of tests, which had as content the 21 '
concepts of the IMP Kits presented in O~ and R-type teats, is referred. to -
in this study as the hard tests. The second pair ,of “tests, which, chad simpler‘
content presenteéd in C- and R-type tests; is referred to as, the ‘easgy fests.
‘The. content of the easy tests was the set of ideas emphasized in the seventh-
‘grade curriculum of Detroit schools: problems involving addiﬁion, subtraction,

. multiplication, and division of whole numbexsé Practions, and decimal > D
expressions; ordering ‘and ‘grouping problems; and percentage problems: There
is very little. correspondence between the content  of. the' easy tests and the-
content, emphasized in the 4+ Scoring used in this study; only three of the s

» 23 concepts for which bonuses were given appear on the eagy tests. Thus t

3
*

hard tests were content specific toathe 4+ Scoring used in in this study; -th ‘.

easy tests were ‘not. | N - L. \\\ .

. - ) ‘ ~ -
-

Two forms of each of the four tests were administered half of each |

form as’ pretests and the other half as- posttests. All of the easy tests .
were administered before’ the hard tests at ,bethspretesting and posttesting.
e orde of "administering the,C-tests and the R-tests and the: forms for .

Jboth the’ easy tests and the hard tests was balanced by dividing the samples ;

into elght -groups and administering as follows: ‘ - c

A )

< M vy . ‘

T ' . "Order of ‘ 1 L
7 s -+ -. Aministration. 1

.
o
[a}
[1]
T
o
h¢]
“rt
NH\\
.
-
by
3
H

+ Posttest

- 4 ~ ’

. . \ - s . e

' oo C2.C2 R2 R1 C:.CL * .."
. . . . A . . . ﬁ Lo » 'RZ' R1C1 Clo. Rz Rl o . ’:‘“J

. Using £a (after) to denote the store on the C posttest and Cb'(before)fto
denote the C pretest score (and: similarly for the_ R -posttests. and pretests), -
outcome measureB of gik dependent variables can be specified for 'the easy
tests and the hard tests for each pair of classes separagely and for Ehe o

* tombimation of both pairs~as’follows' = . /?e . 5 -

. .t : N ; o - ’

- . ©b - C'prétest score ) Lt . R . . "'

. . ¢ I@ “ R 'pretest score . < . - R B S
) ,: : Ca » € posttest'score ) Lo - '

Ra ' , - R posttest score'* - 7 e ! SN

) "“. Cge - "G ain score (Cg = Ca-Cb) s e . -
T e Rg ngain score (Rg = Ra-Rb) . . ST, IV

4 ] ' > % ! . .o -~
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Differences between Eﬂperimental (4+ Scoring): and Control (Regulal: Scoring) .
Ca Classes on Pretest, Posttest, and Gain Scores for both Easy,and Hard Versions A

MRS -
F - \\ .,, ‘ Kl . - o . ... .
© S| . . EASY TESTS . '~ HARD IESTS.’
. 0 —— . ' ————
v© .~ Cn Ex + ., CmEx Cn Ex ‘Cn Ex¢'- - Cn-Ex
. oy e = IR Y ’ - + e . .
. 7th 7 8th (Both, * . - 7th . 8th «
: Grade .~ “Grade = . °* -7 . Grade <wl:Grade |
L, RS 0. . ’,,a«. G . o e s
) ]:] Cn = Control classese L v .
14 . - .
;)- - Expeﬁimenta'i classes. e ,
R ‘*@{g o ". .
R Posttest N e No s*ignificant difference. . . ) -
Lost Seore A St - x= Significance devel of»differences in posttest scores.
- i ' N :l!" i ' .. - ‘ - . . . ~ e . . ] . « £ . ¢ .
- . ‘Gain’ . L
. : . . ‘Score * | =.}Significance 1eve_1 of differences in gain scores.‘ "
- Pretes'tT~'-' ‘.. o ' R M
. SC.OI'e -l - S:ngificance level of differences in pret:est: scores.
"« fpen ,...:; . _t».:.',. . .“ k !.L ri :,.: T \ e .‘...f:n'&‘ ‘..:"- P A PR -‘:» skl st z,
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+ classes.. Those that are significant at’ a confidence level of less than .01°¢
.are being/ characterized here' ‘as strongly significant; at less than .05, -

" the hard & _posttests the scores bf the 4+ Scoring classes were higher at each

sthe glasy tests, were 2.5 for the 4+ Scoring classes and.l.6 for the control -

RESULTS B L .

The’ descriptive statistics fokx pretests, postr.ests, and gain .scores on
both the easy and hard versions of the C tests and R tests fo e experi- .
méntal classes with the 4+ Scoring and the control classes with }Iﬁ regular
scoring are summarized in Figure 1 for the seventh grade classes/, She eighth
grade tclasses, and for both combined. The combined results, in/which' the |
sample sizes of the experimental and control groups -are about .gtbjects
as jopposed to half that for the individual grades, .are more, interesting
in showing the contrast: in performance gains between the Ut scoring
classes and the .regular scoring classes. R n ~ :

- : . .5

. A graphic representation of the mean pretest, posttest, and «gain scores,
as well as significant differences between the experimental and cont'rol
classes on these measures, is also presented in Figure 1.

. v .

On pretest scores there were no significant differences between the, a

*

~

‘experimental and control classes on either the hard "tests or the easy tests

for either the C tgsts -or the R.tests for the seventh grade, the eighth grade; .
or the combined ‘classes. The Student. § (one-tailed) test was used through- :
out to compare the performancé of the 4+ Scoring classes with the control

’

as significant; at less than .10, as weakly significant.. . . _‘ W
On posttest scores on the C tests, the scores of the eighth grade .

4+ Scoring class on the eady test trere weakly significantly higher (.08 level)

and the scores of the 4+ Scoring classes on the easy C posttests for both °~ = =

grades tombined Was 10.8, while for the contdl classes it was 8.8, On .

grade level and for both combined; they were weakly significantly-higher

(.07 level) for the seventh grade classes, strongly significantly higher

(.009 level) for the eighth grade, and-strongly significantly higher (.003
level) for both combined. The mean score for the 4+ Scoring clesses on the
hard .C posttest for both gyades combined was 6,6 whdile for the control dlasses
it was 4.7, : . oo

” -

0‘\ :
Gn the gain scores for the C tests the only scores of the 4F Scoring - =«
class that were significantly higher than®the control classeg on the eagy '
tests, were those for the combined grades, and they were on1y-Weak1y sisgnifi— -
cantly hiigher (.09 1eve17 However, on the hard. tests, both- the ~scores for

the eighth sgrade and for the combined grades wereé. strongly significantly

lhigher (.002 and .003 levels, respectively) than the corresponding control

classes., The mean gains, for which there was. a' significant differencexon -

claW®es.. On the hard tests "the mean gains for the eighth grade classes were
4,3 and 1.3; and=*for the combin,ed classes they ere 2. 8‘and 1.0." *Thexe, wete
no other significant' differences ‘between the experimental and control L

' I

‘¢lasses on the C~test scores. T A



-

- On the posttest sco%es for the R tests the ;results were s1milar to

'those for the C tests on the easy -tests, excépt that the seventh grade had
", the-rweakly significant re§ult rather than the eighth grade. The-scores of Lo

the seventh grade 4+ Scoring Sbass weré‘Weakly significantly highet (.06

level) than those of theiiontrol class; and the scores of the combined .4+

Scoring classes were signiflcanjgy higher (.04 level) than thg&e of the

control classes., The mean’ scorgs for the, seventh grade were 6.0 and 4.7 .

while for the combined grades-they were 6.8 and 5.3. On- the hard tests lonly “

twd of the R posttest differences were significant. ..The scoxes of the eighth

grade 4+ Scoring class were .sigpificantly higher (. 05 level) than those of

the control class, and the scores of the combined &4+ Scoring classes were

signiflcantly higher ( 03 than the contrbl.classes.

On ,the~pain secores for the R tests two differences were we
significant on the easy, tests.- The scores of the seventh grade 4 oring o
class were weakly significantly higher (.10 level] than those of the control , --
class, and -the scores of the combined 4+ Scoring classes were weakly signifi-
-cantly higher (.10 level) than those of thé control classes. On the hard
tests, all three differences were significant. The scores of the seventh .
grade, eighth‘grade, and cdombined &4+ Scoring classes were® significantly .(. a4
" level), significanfly (.02 level), and strongly significantly (.003 level)
higher than thOSe of the respective control classes. X -

g

The ‘most interesting of these results, the differences 4n_ the measure
"of increase in performance (the gain scores), show up most clearly in the . 7
combined results for both grades summarized in Table 2. 'The aifferences in

~ ~ » - ¢
M .

N \ 1‘ Table 2 ’ - . » "

1

) Comparison- on C Tests aﬁd R.FESts of the Significance Levels of |-
', . |the Differences in Gains Between the &4+ Scoring Classes and the Lo
[control Classes on the’ Easy Tests and the "Hard; Tests . 45 R
Tests I T Hard L 1 T
. ™ C ~ Weakly . . Strongly
0 " significant . | sigpificant ,
RIS 2 I ' p< L0 o . . . P < .003
) - ° ’ . « * “J- " ’ '0 .—“ . ./ N ’ d
" R ' . : WeaKiy e Strongly 1o v
. - * significant ." - significant - - :
A : A p< A0 Iy .| el P < .003

. . gains between the 4+ S®oring classes and the control classes on both the . -
C tests and the R tests were weakly significant on the easy tests, but: they
were strongly significant qg thf hard tests.that Vere content-specific to -

. the 4+ Scoring., ’ . . i -

PO . -
. =< .
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» . . DISCUSSION ) /‘ ‘ i ’ - N ‘.

What deserves special emphasis ab ut these experlments ‘1s the

.

support they lend to the propositlon tl at.when students are involved

_and enthused, a reIatlvely nggr change can produte profound diffenences

in the amount learned. Thé students in both the control and experit
mental classes were highly motivated in their partlcipatlon in the
EQUATION tournaments. The 4+ scorirg is a relatively -minor modifica- -
tion of (the conventional scoring, method; by means of 4+ scoring -the-
players can'obtain bonus points for an 1ntermed1ate score which deter-
mines their ranklng with respect o thef{ other players in their game,
which in turn determines their ultithate score for that day's play in
the tournament.  For the ultimate gcore in the game at each table,
12 points are-divided among.the three players: 6 to the high scorer,

2 to the low scorer; and 4 to the middle person. .Thus, ranking ‘is ™
what is signifi¢ant in determining the ultimate score, not the magni-
tude of the intermediate score; but where 4+ scoring dlffers most - .
from the regular scoring is merely in its effect upon the magnitude

of the intermediate score, not in effect upon the ranking. Yet, this
seemingly 1nconsequent1al change in the intermediate scoring (1%?

of the ultimate scores of the<game) produced on the’ tests that are of
the: greatest interest (the hard R tests) gain scores in the eighth-
grade 4+ scoring c?ésses that were mnearly ’threé¢ times as great as thé
regular scorlné classes and gajns in the seventh~-grade 4+ scoring e
classes that were nearly double those in the regular scoring classest
@he_R tests are a measure of the learner's abflity to recognize the
relevance of a concept for s0lving a problem in addition to the .
ability to Mo ‘computations’ that involve the concept.. This aHIlity

to discriminate yhat is relevant is one "aspect of ' applying %deas Ain S

solving problems. That*on this R~-type m syre the magnitude of the-
relative dlfferenceoln achievement elicited by such seemingly minor’
modification of procedure is so great is indeed Surprislng. ‘It seems ~
to be grounds for optimism about the potentlalitles for’ improving

1 rning processes. by channeling attention appropriately In' the. e
co text of a recreational cognltion—enhanc1ng activity such as these
EQUATIONS tournaments, attention-channeling techniques appedr to be ,
highly effective for increasing capability.‘to dlscriminate what is .
relevant in mathematical problém-solving. They should ‘be used more, -’
and they deserve to be studled°more. | - \\y e
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