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ABSTRACT ' : ’ .
Two pllot studies investigated the effects of using

. Instructlonal Math Play (IMP) Kits, pamphlets with which individuals

‘'may play the mathematical game .EQUATIONS against a computer program.

Twenty-nine junior high students 'in a high-abllity mathematics c¢lass

completed varying numbers of the kits in five #48-minute sessions

during a two-week period; ten selecte& junior high school mathematics
teachers worked through the entire ser;es during a two-and-one-half
month period. Pre- and post-tests were des;gned to evaluate subjects"
ablllty (1) to detect the relevance of 'a particular idea for solving

'a problem, and (2) to evaluate a mathematical expression involving
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that idea. Both' -groups made sagnlflcant increases. A significant
amount of "unencountered lea! Fning™ was noted. It was suggested tﬁéw
significant effects may be a élClpated with less ccmpetent subjects .
than those involved in the p 1ot study. (Author/JBﬂ)
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INSTRUCTIONAL GAMING AS A MEANS TO ACHIEVE SKILL

Layman E}rﬁllenland Jean Ross ‘ '
Uniyersity‘of Mirchigan

- Pt !

Two pilot studies' inVestigated the effects of using IMP'(Instructional
Math Play) Kits, pamphlets with which individuals mav play the mathematical
game EQUATIONS against a computer program. The hiphlv—braﬂched 105-kit

serie% presents a total of 21 mathematical ideas--five versions of each idea.

‘ Twenty—nine junior high school students in a high—abilitv mathematics class

completed varying numbers of the kits in-five 48-minute-sessioms during a
two-week -period; ten junior high school mathematics teachers in a leadership
training program worked through the entire series at :their individual paces
duting a two and one~half month period. Pre~ and post-tests focusing on?

the IMP Kit ideas were;de512ned bv the investigators to evdluate the
subjects' . abilities to detect the relevance of a partiCUlar idea for purposes
of solving a probleé and to evaluate a mathematical &éyression involving that
idea. - : ' :

* " On the relevance/selecting pretest the students achieved solutions tp
3.86 (mean) of the 21”problems: teachers achieved solutions to R.50. On the
posttest students increased their performance bv 4,03 solutions to 7.90, and
teachers increased theirs by *7.80 to 16.30. Both incseases were 91gnificant
at the' .00N5 level. Students were also administered*straight computation
posttests involving the same 21 ideas: thev solved 697 of the problems on
the computation test, as compared with/their solution of 407 of the problems
on the relevance/selecting posttest. The magnitude of the changes in per-
form@nce after exposure to tlie I“P Kits suggest$ that significant effects K
may be anticipated with somewhat’dess competent subjects than those involyed
in the pilot studies. A surprising result was the significant amount of

_ "unencountered learning' by students--that is, the number of ideas that a*

student missed on the pretest, did not encounter in poine throush the IMP
'Kits, but dig cbrrectlv on the posttest. The distribution of the unencountered
learnlqg rate sypgests the usefulness of research directed to assessing
«individual learning styles-(e.g., specifics-learners as contrasted with
eneralizers) in order to find more effective means of individualizing
1earni%§. .The pilot studies podint°to controlled experiments for further

t

investipating whethey effective wavs can be deVised to improve skill in
selecting relevant ideas for solv1ng problems.
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INSTRUCTIONAL GAMING AS A MEANS TO ACHIEVE SKILL - o )

IN SELECTING IDEAS RELEVANT FOR SOLVING A PROBLEM* -

! {

Layman-E. Allen and Joan Ross :
University of Michigan = ' -t

"~ INTRODUCTION I

Any reasonable appraisal of the history of" the Twentieth Centhry .
would conclude that mank{nd desperately needs more rqtional“problem-
selving. Our very existence is. threatgned to a degré that it has
never been béfore. A heavy burden fnust be borne by the term 'rational'
if it'is to have reference to effective methods of coping with pro=~
blems of the magnitude /and complexity that™are faced on earth in the--
.year 1974. Investigatdons aimed at improving the rationality of pro—
blem~-solving are of fundamental importance. Studies in this category
include, ‘but are not limited to, (1) ‘those that seek to clarify what
rational problem-solving must consist of in order to successfully deal
with the important’ contemporary problems of mankind, (2) those that
encourage significant decision-makers to employ such rational problem-
. golving, and (3) those that cast some light on how to educate problem-
. volvers to focus attention upon 'those aspects of'.a problem that ate
* relevant for its,solution. As a tentative and preliminary character-
ization of, what .we mean by rational problem-solving in the context of
the present study,. we stipulate the following: :

A rationalfappfbach to solving a problem is one that
emphasizes the most powerful ideas 'and skills -- that

' is, ‘the indispensably relevant ideas and skills -- that
will enable a problem-solver to deal with a problem in
a way that achieves his goals .to a maximum extent,

‘' The present study deals with _six» ideas of elementary arithmetic

and some problems for which these ideas and combinations of. these ideas
are not only relevant in the sense of being useful, but are also rele-
vant in the sense of being indispensable for purposes of achieving
solutions to the ,problems. Compared-to the big problemg of today,

these problems are precise and simple. But even with relatively simple

and precise problems involving only ideas of elementary arithmetic, the

skill of a problem-solver in selecting the indispensably relevant idea

~ or ideas fromsamong the repeﬁtoire of ideas that he in some sense
"understands" is not a trivial skill. This study ‘represents a. beginning

"% We gratefully acknowledge the indispensable relevance of the support
and cooperation of the many dedichted educators who made these pilot
studies possible. In particular we wish to thank Dr. Frederick

Schippert, Supervisor of Junior High School Mathematics, Detroit, MI. .

“and Mrs. Ione Gdodman Mathematics Teacher, Tappan Junior High :
$chool, Ann Arbor, MI.; also Neil Muellex, Principal, Tappan Junior
High School and the ten Detroit Junior High School. mathematics
teachers who participated in these studies. -
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effort in seeking to learn how such skill gan be achieved by relativély
knowledgeable and competent persons with:}éspect to relatively well-
defined problem-solving. The hope, of cotirse, is that what.is learned

.at this simple level can to some' signific¢ant extent be extended to

more complex problems. Lo

.- . \ A " A ~N
Instructional Math Play (IMP) Kits F/ s

"~ This .preliminary report presents g:me_of the findings of & pair
of pilot studies‘'in the use of innovative materials being developed

" that use instructional ganiing and computer-assisted instruction to

teach mathematics. These materials are called IMP (Instructional Math

"Play) Kits. The IMP Kits.are 16-page pamphiets that, in effect, are

simulations of a computer with which a player can play EQUATIONS: The

Game of Creative Mathematics (Allen, 1964). In a highly-branched -

learning program, the computer is programmed® to play, not as a good
player, but as a good teacher. Each pamphlet allows the player as many

. as 2,000 to 3,000 different pathways, depending upon the sequence of

moves that hée makes, and each pamphlet is designed to present and
emphasize one lesson in mathematics. A total of 21 different ideas are
presented ana*émphasized in the series of 105 IMP Kits developed thus
far —- five different versions of each idea. As a player goes through-
an IMP Kit, each move he makes contributes to the generation of a unique

" code name, which the player looks up in a set of tables .in the IMP Kit
to discover what play the computer makes in response. Although there

are thousands. of different pathways that a player may take through a
kit, there are only three types of pathways: . ' ’

1. ones in which the lesson of that kit is not presented (in-which
case the player is imstructed t6 play the kit again and try =
some different moves), o " .

2. ones in which the legson is presented and the play indicates
. that the player didgﬁot understand'the-leségn (in which case
the player will move on to the next kit and encounter later
kits that contain tHe same lesson), and ' ,

3. ones in,which the l¢sson is presented and the play indicates
that the player did understand the lesson (in which case the
player will be instructed to move on to the next kit, but to

- gkip the later kits that .contain the same lesson). )

METHODS
The use of a series of 105 IMP_KIts*was.pre-piloted with five

experienced players of EQUATIONS to determine the appropriate time.to
allow for administration of the learning program and of the pretests

" and poéttests. . :

Q

]

B

Subjects v ' ' ‘ .

Two different groups of subjects paftiéipated,in‘these pilot
studies: 29 members of an eighth-grade class from Tappan Junior High
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Schoof, Ann Arbor, MI., and 10 junior high school mathematics teachers
from Detroit, MI. Each group yas selected as tHe mpst knowledgeable
and highest-achievIng group of its kind that was conveniently available
" to test these materials.

. The students were in one of the three top-track eighth-grade
mathematics q}asses at Tappan Junior. High School where the total
eighth~grade enrollment was 254, so all members of the experimental

"student group were in the top one-third in mathematics achievement in
" this school. Nearly 90 percent (26 of the 29 sStudents) had parenmts
engaged in professional or academic occupations. Ten of the students
. had at least one year of experience in playing the EQUATIONS game in
elementary school and the other 19 had at least one month's experience
as part of their studies in this eighth—grade class. - There were 19
girls and 10 boys in the group. . '
Thé 10’ teachers were also a specially—selected group, having been
chosen by the Detroit Digector of Junior High School Mathematics In-
struction for a year of academic leave during 1973-74 to enroll in a
special leadership training program. Part of their training consisted
of learning to teach ‘other teachers how. to.introduce instructional
- gaming into the classroom. Two of the 10 -had previously completed a’
" two-credit course at the University of Michigan in instructional
gaming. All of them had learned to play.EQUATIONS to some extent be-

~fore this study began. There were six women and four men. in the group.:

Al

Experiﬁental'Treatment , .

The learning experience jfor both the student and teacher groups

- consisted of working through the set of 105 IMP Kits. However, the
method for doing so in the two groups was significantly different. The
student group spent six 48-minute classroom sessions spread over q two-
- week period playing EQUATIONS individually in the IMP Kits. The first
session was devoted to instruction on how to use the IMP Kits' and to
keep the necessary records, and -the remaining five sessions were de-

voted toliwork in the IMP Kits. Since the students worked 4t different -

rates, there were individual differences in the number of kits comple~
ted during the twouweek period by each student. Only two students were
able to finish the set during the al tted time. Since the procedure

. allowed for branching and skipping a number of kits, even these two did

not work through all 105 kits; rather, they did those kits that their
performance indicated were appropriate for them to do. Hence, only two
of the students encountered in some sense all 21 of the mathematical
ideas being presented in the lessons of this series of IMP Kits; the
other 27 students encountered only some of the 21 ideas.. At the con-
clusion of the two-week period, most of the students who had not finm

" ished asked if arrangements could be made so that they could complete

the kits. To gain some indication of how interested they really were
in completing the kits, it was made somewhat inconvenient for them by

requiring that they come in after school one day to pick up the kits to

do over the Thanksgiving holiday. With this procedure 17 of the group
_picked up the kits, and 12 completed them at home. Ny
. D )
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The teacher group also had. a one-session infroduction;'buf all df
‘their playing through the kits was done on their own time and extended

éver a period of two and' one-half months, including the Christmas vaca- !
tion. They were receiving university course credits for their partici- °

pation in- the Léadership Program, and the director indicated to them
‘that their performance on these materials would be taken, into account

in grading them for the course. All ten of the teachers worked' through .

to the final kit in the series, branching and skipping as their perfor-
mances dictated, . ’ ‘
' Dépendent Variables

. #
o

The effect of learning experience with the IMP Kits was measured
by a specially-constructed series of tests targeted at the 21 mathe-
matical ideas being presented. Each of the tests contained 25 items,
four of which did.not involve IMP Kit ideas.. -Answers tq these ‘four
items were.not.considered in the evaluation. Versions of these tests

ere administered as pretests and posttests to determine whether there
jas any change in scores associated with working through the IMP Kits..
 These tests were deliberately‘designed to be. domewhat more dif-
ficult than the customary achievement tests which deal with the same-
deas. They included items ‘that required subjects to detect the in-
ispensable relevance of an idea for: purposes of solying a problem, in
ddition to knowing how to evaluate a mathematical expression involving
hat idea. Undérstanding an idea in the latter sense is all that is
. tequired in most of the items on customary achievement tests, but un-
- - derstanding an idea in the former sense is equally’ important for pur-
_poses of practical application of the.ideas in real-world problem-
solving. To fndicate by way of example the kinds of problems included
in these specially-designed tests, the instructions to the tests and
several of the jtems illustrating IMP Kit ideas from ome of the tests
are included’hereé: | : T ke '

. ~ INSTRUCTIONS

By writing an X in the Yés or No®column, irdicate whether or
not all of the numbers and operations in Column A can be appro-
pfiately ordered and grouped to cgnstruct an expression equal
to the number listed in Column®B. ’

If your answer is. Yes, write that ;kpression_in Column C.

, Column A Column B . Column C * - Yes No
EXAMPLE ‘A S . . ‘ . '
T 4+x234 14 = 2 x (4+3) X .
. Operations -and numbers are grouped by inserting pafenthesés as
‘in EXAMPLE A. : ’ PO W
EXAMPLE B e L
o * 23 o 9 ! = 3%2 - X

g

The -* in Column A means "to the powér of'". Thus 3%2- indicates
shat is usually written as 32,

i




EXAIvIPI,E c .o - ,

) V29 ' S o= 29
The V. in Column A means "root of " For purposes W ansvers here
indicate what root you mean by putting a numbper to thecleft of
the V. Put a 2 if you mean square root; a3 if ybu mean cube
root, etc. . .

EXAMPLE D 5

+ %246 m o= .X

°

* cm—— —
-

‘There should be no entry in Column C when your answer is No;

. Column A " Column B . Column C - Yes No
4o ®J 667 ' o
5, + %129 i
6. #*136 o
7. --135 | b

.

'g, 2124

. o ‘
17, =+135

—————
e )
——
——

P

Readers can gain some 1mpression of ‘the level of: difficulty of these v
items by working the problems themseives.; The apprqpriate answers: are
included in the Appendix! In scoring thése teésts, an item was ‘counted
correct for YES answers only if an appropriate entry was made in
Column C, Lt
Forfthe student group one vefsioﬁiof these tests (Test A) was
administered as a pretest to 15 members of the group on the Friday pre-
ceding the- two-week period, and anothé version (Test B) was adminis- -
tered to the other 14 members. On the Monday following the two-week
period, the lS—member group received Test B as a posttest, and the 1l4-
member group received Testh.? One week later .after the 17 students had
worked on the remaining IMP Kits at home, a post-posttest (Test C) was
" created and administered to students who had not finished the 105-kit
series during the five classroom periods. Students were allowed 20 ‘
minutes to complete these tests, and it was evident that this was ample
time because when given a two-minute warning, practically all of the
students - immediately handed'in their completed ‘tests. In addition,
bechuse of some of the experience in this pilot run in the classroom,
two special questionnaires were prepared and. administered during the
week following the two~week period...one by the classroom teacher direc-
‘ted to how the students felt about this kind ,of learning experience.
and the dther by the experimenters directed to what the students be-
lieved accounted for their doing correctly on the posttest some pro-
blems which they did incorrectly on the,prétest and which involved IMP
Kit ideas that they did not encountet in their experience with the IMP
Kits. Also a regular computation test involving the IMP ideas but not
: the relevance feature was prepared and administered to the group 22




days after the -two-week experimental period. The classroom teacher S
plans to administer additional post-posttests during the course of the
_remainder of the academic year.
~For the-teacher group, Test A, and Test B were each administered Cd
“as pretests to:half of them before. they began working through the IMP '
Kits, and after they finished the IMP Kits two and one-half months
. . . later each five-person group received the other test as a ‘posttest.
The teachers were allowed all the time they wished to complete the
/F‘\> ¢ tests, and took from 35 to 55 minutes . (an average of 46 minutes) to do
them Fa
fi r RESULTS ' , o .
PN , The data from this pilot- study suggest several.. experiments to ' ¥
o design and execute for whi'ch the results are likely to show highly ‘
a ‘ significant differences. Among these are: oA _ -,

1. that students do better on the relevance/salecting tests
after exposure to the IMP Kits than before,.
2. that teachers do better after exposure to the IMP Kits than

before, ‘ ~
_ 3. .that selected junior high school teachers do-better both
:a  'before and aftér than selected junior high school students, - ;

tﬂhimprove more in .their performance than the: students by
 virtue of exposure to the IMP Kits, : '
4. that the ‘tests involving the skill of selecting the indis= =~ - .
! _pensably rélevant ideas for solving the problem are harder
than tests involving only computation with the same ideas,
‘ : 5. that' students do ‘better after exposure to some of the IMP
;:%i/ Kits than before evén on IMP Kit ideas that they have not
= been dxposed to, and '
\\that "Hoy students do better than girl students in the ex- . ‘
fgif» tent o which they do better after exposure to the IMP Kits ' ‘
than fore on ideas that neither have been exposed to in
the I Kits, while ‘the girls do better than the boys on o
ideas which both have been exposed to in the IMP Kits. :
. ' 3
' ' The performances on the relevarfce/selecting test. of the students
? : and the teachehs both before and after exposure to the IMP Kits are’
| ’ summarized in fable 1. On the pretest the students achieved solutions
to just 3.86 (mean) of the 21 problems, ‘while the teachers. achieved
solutions to '8,50. On the posttest the students increased their per-
formance by 4. 03 solutions to 7.90, and the teachers increased theirs

i ‘ . by 7.80 to' 16.30.¢ .
|
|

-

The statistical significance of the increase in performance by
_ both the studént group and the teacher group is summarized in Tabie 2.
f The mean increase of the students of 4.03 solutions is significant at R
the .0005 level (t = 9.11). The mean increase of the teachers of 7. 80
g solutions is also significant at the .0005 level .(t = 8.19).. As judged ‘
; . ST by their performance, after working through the IMP Kits both groups
‘ P understood about double what they had understood of the IMP Kit ideas

e d beforehand..
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- : ‘ ' o Table 1

Pretest, Posttest, and Change Scores-

T

: .~ on the Relevance/Selecting Test. - °
(21 Problems Involving the 21 IMP Kit ideas)
. : - - | S _ .
e ‘ L ' Pretest Posttest . Change -
Students (A) : ' | ST
s . -
- oy =A2?
i 1 3.8 7.90. |  4.03
" Sa (| oL 29 2.38
Sg - |- 2.91 . 8.95 . 6,04
B ‘Teachers (B): | . A
. ng‘= 10 |
v " B N 8.50 - 16,30 _ 7.80
o S, : o276 | 3.23 | 3.01
‘ s2 | 7.6l | 10.46 | 907,
rd .$ !
.- ) s . \ X '
.'_‘& . .
) Table 2
i ’ Changéuin Perfgrmance on,Rélevance/Selecting1Tesﬁ
é Tafter Exposure to IMP Kit Ideas -
; (Difference = Posttest Score - Pretest Score)
: ™ Students S Teachers
3 o T 29 b 10 °
o : 3 L 4.03 5 7.80
‘ t . N 9.11 . . | - 8.19
f obs . : .
. - 1ficance o . .0005 .0005
‘ - ’//81228V81 ol e ey =3.67 | ¢ (9) = 4.78
» 4-ﬂf’/ - .0005 - ~ ©.0005 .
% &

LR}
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o , P ' Table 3 A . ‘ ,
: Diffékende ih Pdrformance Between Stﬁdentsmand’Teéchers - ;3¥L A
et ; on Relevdnce/Selecting Test L, a o -
. ‘ 4 . .‘ v . . \ -
Pretest . Posttest. ' - Change = . //2>H
'F 2762 17 . . 1.50 '
Significance . o ; ' e .
. gzeveiance . 05 “not significant | not significant
: : F (9,28) = 2.24 ' e . ,
.95 » . . -
t " | not appropriate ’, 7.51 ’///f- 4.03°
obs ' .
, - |Significance| . |- .0005 ~.0005, |
’ - Zit Level & B ////t.0005(3?) ='3°58; t30005(37) = 3'58,51" -
S . 5 - 5.00 B - . . :
L obs . ) : .
« 4 £ ‘ 11;47,0 v <
|Significance .0005 ‘ , A
Level P ' : . - T
7 t.Q005(11)>— 4144 o e _ B

- @

‘The statistical significancé of the superior performance of the
_teachers compared to the students both on the pretest and the posttest
" and in the amount of improvement is summarized in Table 3. That teachers
do better than students is significant at the .0005 level in all three
respects (pretest t* = 5.00, posttest t =.7.51, and improvement t = 4.03). ¢

. Since the assumption of equal variance on the student and teacher pretest :

. scores is disconfirmed at the .05 level of significance (F.= 2.62), the
t statistic is inappropriate; instead the Satterhwaite approximatien of

‘the Behrens-Fisher t* distribution is used to test the hypothesis of

equal means for the teachers and students on pretest scores. (See

Winer, pp. 41-44.) a : Ca .o

The comparative performances of the students on the relevance/ .

selecting test and the computation test along with the statistical sig-
nificance of the difference in scores is summarized in Table 4. One of
the students had transferred fwom the class by the time that the compu-— -
tation test was administered, so a total ‘of 28 students was involved in
the comparison on this pair of tests. “For the -computation test, 19.4 L
(mean) of the students were correct over the 20 IMP Kit ideas compared. :

) (One IMP Kit idea that did-not lend itself to presentation in the compu-
‘tation test was not used in—the comparison.) On the relevance/gelecting
test, the number of students correct was only 11.3.(mean) per problem.
Another way of stating it is that the students got 69% of the problems
correct’on the computation test, but only 40% on the relevance/selecting
test. The difference is significant at the .0005 level (t = 5.17).

o
.4 . .

" ~
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o o N o - . .9 ' o T, :
. . . . . : Y
........ BN R . . . \7' e ' - ’
. ;u% o - o - Table 4 ' . = . o

wi»COmparison of Number of Students Who Responded Correctly
to Problems Involving 20 IMP Kit Ideas Presented in
(a) a Relevance/Selecting Test and (b) a Computation Test -

e .

.« (28 students)

~»

— - ,Relevance/ ' R R
: - Selecting , " Coimputation ,
Te§t 1 Test Difference

—_— .

.n = 20 » : = - o _ ] N
. X. 1 11.30 ' \ 19.40 | 810
s, - 8.2 825 - | 701. |- .
82 | _e9.6L | ggoz 49128

v b ’ .

‘ . t . ‘. . . . E \ N o " 5.':‘1-7 . o e
Significance | - ' o T . .0005

| g Lével : t .(19)=3.880
.w‘ii%.,‘,,,gr ‘!r | - 15,9995 = |

& - .

- - _ wm@he comparative performances of the boy students and the girl
. - studerits in learning ideas from the IMP Kits, both those ideas encoun-~
: _ . tered in their exposure to the kits angd also those not &ncountered, vooo?
s .are summariged in Table 5. The rate" at which students learned ideas
; that they did not encounter in going through the IMP Kits is here re-

- ferred to as their '"unercountered learning rate." One of  the most
T§::rprising results of this pilot study was a significant amount (at

the -.0005 levél, t = 6.444) of such unencountered learning; the mean: ]

-\nencountered learning rate for the entire group of students was .132. :
The unencountered learming rate for 'each student is derived by dividing .

; C (a) the number of ideas such that the student both missed those ideas ' '

' on the pretest and also failed to encounter them in going through the °

2 IMP Kits into "(b) the number of those ideas that were corréctly done ~ ’
on, the posttest. The encountered and pverall learning rates are de- '
rived similarly. These definitions of the learning Tates asSure,.of !

" course, that all effects will be in the positive direction._ However, - ‘
by an even more stringent definition of unencountered learning that < e
would allow for effects in the negative direction, there is still g
significant amount (at the .01 level, t = 2.841) of such unengguntered
learning. See Table 6., . - :

4

' ‘As would be expected the encountered-learnihéﬁrate for, the eritire
s . . group was significantly higher (.0005 level, 't = 83685). than the unen-
countered learning wrate. The mean ?ncountered-learning‘rate was . 404

S and .the overall was .287.
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Table. 5 x4
] e

Comparispns of Learning Rates (Encountered, Unencountered, .

¢

and Overall) of qu.Students and Girl Students

ey

Encdounteréd

Unencountered

. _ I - Overall
Learning Rates Learning Rates Learning Rates
.|Boys Girls Total [Boys Girls Total |Boys Girls Total
n,|-9 20 29 9 20 29 9* "20 29
X -371 .420 .404  |.193 /105 .132  |.290 .285 - .287 ‘
Sx .243 .211 .218 |[.l108 .097 ;IOR. 1-128 .144 ,137
52 .059 .044 .048 |.012 .009 .012 |.016 .021. .019 |
tobs (Total Y 9,990 . 6.444 11,264
pre-post) » P . N
Significance . " .0005 .0005 .0005"
Level b ‘ : ) i
| t.9995(27)=3.690 |t 5555€27)=3.690 |t 4g95(27)=3.690
Foo(Boy- ' 1.333 | 1.219. | . % 1.260
| T Girl) | ¢ _ - . v \) N
"§ignifiéancé - NS . f// NS . NS ¢
Level . _ |2 - : R 10Ye .
F.75(8,19)—1.43 F.75(8, 9)=1.43 .F:75.(8r,19)=l.4.3
£ . (Boy- | 2.035 2.254 ¢ o .067
‘obs Girl) oo R o . 3 .
‘|significance | .05 . .025 ' NS
Level _ e _ o iy = )
‘- t.95(27)—-1.703 ‘§W975(2Z)—2.052 t;60(27) '72§§
‘|t., 1(Total Encountered- - T ™
'Obé ' Unencountered) 6'985 j
Significance . = ' . .0005 *
Level
, . t ggg5(27) = 3.690 , .

- There were also interesting differences.in.ﬁerfofmancé between bdys

and

girls. The girls had a sigpificantly (.05 level, borderline .025
level, t = 2.035) higher encountered learnidg rate (.420) than the hoys
(.371), while the boys had a significantly. (.025 -level, t = 2.254)
higher unencountered learning rate (.193) than the girls (.105).

A definition of unencountered learning that would allow for an

indication of "unlearning" is reported im Table 6. -The test results

show that some students do problems invelving the same idea correctly on

the pretests and incorrectly om.the posttests.

Interpreted as "nhoise"

and assuming that there is the same amount of noise in the data on
students that do problems incorrectly on the pretest ‘and correctly on
the posttest, there is a question as to what extent the indicated gaips
on the_unencounte;ed items can be a;tributed to noise, rather than to

>
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. "learning" in some sense. :
~ countered. learniﬁg (ULR ) discounts the first definition by the amount

oﬁ noise.=
» v B—A .
- ULRS = A+QfC“‘
Y

P . v . e
,1,

The more stringent definition of unen-

4

B} ;
] where A= number of 1tems correct on pretest
-~ %and incorrect on posttest,

X
3l -

~“, B -\number of items incorrect on pretest

-, and correct on posttest,,

C.= number of items incorrect on both

j, tests.

£
[ Table 6

s

s .

Significance of StringentaUhencoyntered Leefhing:Rate (ULks)

and Cogparisqﬁfof Performances of Boy Students and

e

1

Girl Students

o

0‘ . ULRS ~A
. 7 v N _ .
4 Boys Girls Srotal
n-- N 20 29
A R X . .061 .102
s, T 108" . .108 " .123°
52 0116 0126 . .0151
tobS(Tote;'Pre %%et? ‘ 2.84
:Significance 01 .
' Level = 2
. tgg@N) = 2473
- F (BoymGirl) 1.004 R
Significance not significant -
fevel F . (8,19) = 1.42 -
. 75 ‘
— —
tope (BOYz01rl) 3.057
~Significance N, <005 .
Level N
R 995(27) ‘2.771
' {
V
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" ienced it completed the following:opinionnaire: °,

" variables used in these studies can provide an effective rest of
. whether skill in selecting relevant ideas fon solving a problem can be

N

t

In addition to there still bein significant unencountered learning as

measured by ULR , there was also significantly more of it by boys than
girls., Since ndne of the boys‘were incorrect on posttest’ itshs that
they were correct on in the pretest, while some of the girls were,

the differences in favor of the boys were even more significant as
measured by ULR (.005 level, t = 3. 057). i

, To provide Some further information about the surprising exis-
tence of this "unéncountered learning;" the' 21 studen%s who exper-

4

-3
.. -

Name

‘On the test you took before you played the IMP Kits, you did not
_ show that you could use this idea: .
(Example inserted here of the idea that this student.
- missed on pretest, did not encounter, but. did correctly
on posttest? :
- On the test you took after you played “some of the IMP hits,

you showed that you could use it. go

We are interested in the fact that you seem to have learned this
idea during this time. However, the kits you played in class
did not present this idea. Please check the reason (or reasons)
that best apply: -

0 I learned it from another student. S
I learned it in math class between the. two tests, but not
from the kits.
I guessed at it on the second Eest, and it turned out to
be right. .
11 I learned something from what I saw in the kits that helped

" me to do it on the second test. :

8 Other

L.
3

-~ - L ’

The numbers in the;blanks on the left side indicate the number of
responses to the right that were given by students.

/ | DISCUSSION | . o |

J erimental treatment of working*through thetIMP Kits has a
pronounced effect upon “the arithmetical problem-solving skills of highly
competent junior high school students and teachers on problems that
require both(knowledge of how to compute and also the skill-of selecting
‘the relevant ideas for $ ving the problem. The magnitude of the
effect suggests that signiPicant effects may also be anticipated with
somewhat less competent subjects than those in the pilot studies
reported here. ™,

. The magnitude o% the change in performance after exposure to the
IMP Kits, in combination with the large difference in performance‘on
the ‘computation™ test as compared with performange .on the relevance/
selecting test, indicdtes that the experimental treatment and dependent

2

improved. The particular null hypothesis at can be tested is:

N

BNy




. ('.\ 13
Working through IMP Kits is not an effective' : o :
o method for improving skills in selecting relevant S
s ideas for solving arithmetical robdems. .

L

A pair of interesting side issues also emerged: one ﬂealing with
generalization and the other with possible differences in learning Sy
styles of the two sexes. Through exposure to one set of ideas,-some ‘
students: apparently learn something about a related set of ideas. For
"example, perusal of performance on various test items suggests that .
for some students learning something about exponentiation by working -~ | .
through the IMP Kits also increases performance on problems involving )
the root operation--even though ﬁﬁe learner does not encounter the
latter idea in the kits. If it turns out to be more generally the
case that some groups of learnmers tend to generalize better in certain
. kinds of learning environments than other roups, it will be of

inteérest to study the attributes of those groups and those learning
renvironments that contribute to this ability. The association between
sex and'generalization dgtected in this pilot study with the students

- suggests the usefulness of research devoted to determining attributes _
of learners that will detect such strengths and differences in e
learning style more effectively.. ‘Knowledge of such properties may
well lead to more effective ways of individualizing learning. For
example, with respect to individualizing 1earning environments for
gerieralizers and specifics-learners, perhaps some grouping according o
to performance measured by the unencountered learning r%ite--e.g., -
upper quartile and lower quartile--would serve adequately. Such
individualizing should certainly be accompanied by efforts to learn
more about effective means of enabling all leazners to become strong
generalizers. Hopefully, achieving greater skill in selecting
relevant ideas for solving problems will help learners to generalize
their experiences more effectively.

. The main results of these pilot studies point rather diréctly to
experiments for investigating the~initial question raised in this
report: Can effective ways for improving skill in selecting relevant
ideas for solving problems be devised? Instructional gaming-~or, to

o be more precise, simulation' of instructional,gaming in the form of IMP

Kits—-may be an example of one effectivé‘way to improve such skill.

In terms’ of the kind of data generated in these studies} one measure

of the lack of such skill would be a discrepancy between a subject's

performance on the computation test and his performance on the

relevance/selecting test. The comparison of performances for each ,

subject on such tests would identify ideas that the subject.doeslr

understand in the sense of being able to use those ideas in making

computations, but does npot understand in the sense of having sufficient

© . gkill.to detect the relevance of those ideas in solving a somewhat .

" broader problem and selecting them to solve it. A pair of such tests
administered before an experimental treatment would.prowide a differ- ~—
ence score. indicating the extent of the subjects' lack of skill in '
selecting relevant ideas; a pair of posttests, another difference
‘'score, indicating the extent of any change in such-skill associated
with the experimental treatment. Such data were unfortunately not .
 generated in these pilot studies; the agenda for future investigation 7o
will give high priority to remedying this deficiency. -

£
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. : AERendix . L B ,
i ~ A. Some Sugg sted Responsés to Gamplé Items from Relevanqe/Selecting
Test o 2
ro- ) Column A Column B Column c . y Yes mo i e
- v b, kS 667 7=6J7 %6 x| L
, 5. +%129 © 3= 9 % (132). 0 S
’ . 6. *%136 6 =6 % (143)" N S -
: 7. .- =135 ‘TE3 - Q-5 . ¥ X s R
8. +:1l24 8 =22 (1:4) A2 & -y ; ,
' 17, -+135 19 = o 4 x -
: ' S 7
.. - B. Ideas of the IMP Kits ' SN %E ) o ,
' 1. A+B-C=°A—(c-B),especiallyA+‘$=A-(o-B). ;
2. AxXB' :C =A¢% (C'+B"); especially 4 x B' = A = (1 ¢+ B').
3. A=A * 1. ' t‘ '
4. P l-= l * A. ' o
’ 5. 0=0%A'", - xf ,
6. A* (B+C)=(A*B)x (A*C).
7. A% (BxC) = (A*B)*C, g
8. 1+ [A'" * (B - CS]'= A' % (C—B); eSpecially 1+ A' = A' * (0-1).
9. 1 =A"*0,
L - 10. A x [B' * éC-D)] =A% [B" * (D -0)]; /especially :
o . . ’ Ax B' A + {B' * (0 -1]. .
) 11. AV B ='C if and only 1f C * A = : Y

12. A' VB =B* (1:A"), S
13- O"A'\POQ .8

- e 14, (A—B)*C=(A*C)+(B'*C)- 8
» " 15, A =1V A, B ’ .
16.. 1= A"V 1.
017.*A=B'~fA*B' 4
) ' o
< ) )




Q4 . ’ ’“
L x o : "“,
- 18. 1= [(A B) JC'] = (B AV c'y especially , . Vo
_ 1~C'-(0-1)\fC' :
9. (A'xB’)\fC-A'\f(B v o). : :
20. A * (B' = C') = (C' # B') V A3 eepecially o
_ ' / A%*B'a= (1't+ B') VA, .
©o21. [A'J'(B'*C)]JDﬂ[(A'%C)\/'B]“\/'D.
P . Notes\: Iq sta‘ndard notation, ) . o
a. A*BisA®, . - b
o ., be A vV B is A\/'B,'. and ‘ _ : ‘
’ ) . C. 2 \/- B iS \[B- o ’ K3 )
> Variables with primes. s*tand'fobr non-zero n?x{nbers. &
. . . §:e‘
. ! : g
/ _ !' . . '
,"’ a ! » ~
; . o .
& ‘ : f*r-ﬂ(
i . 3/{ T, )
A r
® ) ’ ’ ." »
1 o :
- N \
%
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.oa {& o
.D »
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