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‘was interviewed.

T =

The .pufpose of the project was to develop computer rames that could be used by
Srudents in grades 1-4 as part of their mathematics ingtruction. Eight games were
developed, covering a wide variety of mathematical topics,’including number/ |
numeration, computation, geometry, meaqurement,'statisths, and probability.

The games were field tested in 20 K-5 classrooms. At each of three different
schools” a computer was placed in one classroom at a time for approximately four
weeks: In each classroom the computer was used as a learninpg center. Records of
student performance in the games were kept and, at the end of the four weeks,
students were surveyed about their feelings about using the games and the teachr
As a result of feedback from students and teachers, a number of
revisions were made in the games, ) -

.

7

The field testing clearly indicated that instructional games\can provide an easy,, -

low-stress, enjoyable introduction to mic¢rocomputers for both students and teachers.
The students enjoyed and 1earned from playing the games.
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I1Ib, Publication Citations

.

The Comnuter as a Learning Center has been tentatively acéepted for ﬁhblicatiow
in the 1984 Yearbook of the National Council of Teachers of Mathematics. (copy
attached.) * - .

.

Y

A paper on developing instructional computer pames will probably be submitted
to Creative Computing magazine.

-

RN

, Illc. Scientific Collaborators
Dr. John G. Harvey, Professor 'of Mathematics and Curriculum and Instruction at
the University of Wisconsin - Madison, and Pr. J. Gilbert Ware, Assistant
Professor of Education at Wittenberg University, served as consultants to the
project, . '
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Project Overview , ~
. §
The purpose of the project was to develop computer games that could be

¢

’

used by students in grades 1l-4 as part of their mathematics instfuction.

During the 1980-81 academic vear and the summer of 1981 eight 1nstructiopal

A
games were developed; the caontent of the pames ranges across the ten basic
- N -

skill areas defined in the National Council of Supervisors of Mathematics

. [y

"Position Statement on Basic Skills',

<




-
f

1. Saucer’- counting; readiness for addition and subtraction. Grades
K-1.

-

2. ,Faces - counting and base ten numeration. Grades K-4,

3. The Jar Game - problem solving; read%ness for probabi'lity and for
ordering fractions. Grades K-6. . r

4. Chaos - classification of geometric figures by attribute; concepts
of left, right, up, down. Grades 2-6. ¢ . -
¥
5. Fish'Chage .- drill in basic addition and multiplication facts.
- Grades 2-6. -

6. Patterns - problem solving; construq}ion of .geometric figures;
spatial visualization. Grades 2-4.

7. Golf - angle and length estimation. Grades 4-8. Q}
8. Compu-Bar =~ problem solving; reéding bar gréphs; constructing
simple arithmetic expressions. Grades 4~8.

1‘ L
+ The games are menu~driven and include a management system that keeps records

of student performance in a disk file accessiB&g to the teacher. (The games
/ ,

were initiadly implemented on an Atari 800 with 32K of memory and a single

-

disk drive.)

During the 1981L82 academic vear the programs were field-tested in 20

\

classrooms ranging from kindergarten through fifth grade. Three schools were ,

selected to represent different educational philosophies and different socio-

economic levels in the field testing. In fall of 1981, inservice programs
~ v

were held at the three schools. At each school a cBmputer was then placed in’

o

one classroom at a time fon.a#%roxiﬁately four weeks.

Conclugioﬂs
¢ . [4
- The prfmary purpoée of the field testing was to find ways to revise the
games to make them more effecfive in providing instruction in matitematics.

.
! !
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Because of feedback from students and teachers, numerous modifications were

made in the games. These ranged from minor modifications such as color or

v

format changes to make the screen display more‘effective to modifications
h !
such as adding an intermediate level of difficulty to Faces or changing the
level of 'difficulty of the math content of Chaos to better match the level of
difficulty of the mechanics of the games _,4
\ However, in addition‘to faciiitating improvement in the'games; the field
testing provided considerable informal eviéence on theIUSe of instructional
computer games in the classSbom. The clearest conclusion that can be drawn‘ ‘
from the field testing is that .Instructional computer ﬁames can pro;ide an
easy, lo@—stress, enpoable introduction to aicrocomputers for both students
and teaghers. Very few of thé teachers in the study had had any prior
experience with microcomputer§, and nost were somewhat apprehensive about using '\
a computeﬁg%n their classroom, but, without exception, when they saw how
qdickly tpeir students learned how to dse the computers and how much they ° .
" seemed to gnjoy and leafn fromutﬁé fames, the teachers enjoyed the expérience

and expressed a desire tqfuse the computer in the future. (All that needs to

be done now is to determine where to get enough fomputers to satisfy the needs .

of all the teachers!)

It also seems clear that, at leasts in’ the lower elementary grades, the

computer belongs in the classroom, where the teacher can depend on its being _

available througﬁéut the day. The microcomputer is very useful as a learning
center to supplement regular instruction. In particular, in some of the self-

N o ' -
contained primary grade classrooms, the computer was used almost constantly
' N ~
from fifteen minutes before the school day began. to half an hour after {t
v P .

‘:\\\\ ended. ' . —~
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Time-an-task is critical in the classroom; the games were written so

that students could sit down at the computer and be actively involved imr a
i . .
game in less than one minute. ' The students could also stop any game glmost

immediately when it was time for them to do something~else in the class. The

use of a disk drive inst%ad of a cassette recorder is a significant factor in

-

increasing time-on-task. ) .
. Teachers that used the_mgwdgement system found it us%ful in keeping track

of student progress and in guiding subsequent student wogk, but not all

;eachers used_the management systemn, It will‘take tine for teachers to more
fully utilize the capabilities of the computer. .Courseware will need to be
Qeveloped to help.geachers integraté use of the computer with other instruction. |

Some observations of student performance in »pecific games were revealing.

The Jar Came, a probébility game, was successfully played by kindergartners,

‘indicatﬁng_that, if*we)find the appropriate format, we can’ lay the groundwork
a N .
for some of the more sophisticated mathematical concepts at an early age. The

poor performéncé in the 0-19 and 0-49 levels of Faces, a number/numeration N

-

game, indicates a lack of understandlng of base ten numeration (they can point
. L - \
to the tens' place, but they don't really know what it means). The success

that selected second and third grade‘stuﬁénts had in Golf and Compubar

indicates that -such games have potential for use in programs for the gifted.

Summaries of mﬁch of the data collected during the field testing are
14 N

attached. Of particular interest 1s the summary of the teacher interviews.

Publication of the Games

Wittenberg University has contracted with Mil%iken Publishing Company

(1100 Research Boulevard, St. Louis, Missouri 63132) to publish the programs.
. . ~ . L] s

" e At s s ki




4

The programs are being published in both a home package and a school package;:

the school package includes offline, supplemental courseware. The programs
\

are currenély available ‘in 16K cassette and 32K disk versions for the Atari

I3
.

400/889 and in a disk vérsion for the'Aﬁéie 1T, Tdere are plans to convert
. # ’

. A .
the programs to run on several other microcomputers..
N 4

@ ’ : “
Milliken has over 22 years experience in publishing teaching aids and.

’ *

-

over four yeérs experience in publishing microcomputer courseware. Their

editorial étaff has done an exemplary job of maintaining (and even imﬁfoyingi

the, pedagogical value of the pames, ¢

-

*
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Teacher Interviews

.
- . o

\ '

Each of the 0 teachers who par t1c1pated 1n the {ield test\(\g was 1nterviewed *

after they had had the computer 1n thelr clascroom. Thé same 10 questmns werg
asked in each interview, . . -

Did you find enough time to use the computén " Would you be able to fit the
computer into your nar mal classroom routine™ Only two teachers, both teaching
hfth gradey answered "no" to these twa questions. Although they were able to make _
use of the computei, they did.not {eel they were able to make engugﬁ use of jt to
make 1t cost effective, The 1{ teachers who answered "yes" indicated a variety of
ways to find time, including dw ing. reading groups, when students had finished pther
work, during indoor recess, and dur ng small gioup wstiruction time,« The games were

'Qccasxonally used 1 whole group 1nstruction. Several teachers n]entuﬁned using the

games as a reward., Getting up,a formal schedule for computer use, to ensure that
all students hzd epportunities to play the gamee, was mefitioned by many of the
te:xChv?lqn ¢ A g

-

’ .

Did you fjnd tte games easy o diff1cult to uee  Hhat pioblems, other than math
content, id students encounter 1 using the yanee * All of the teachers indicated

the combl_néz wae caty o wse, This was one of the! iost welcems 1esults, since the

majoiity of the teacters had imtially expiesced Lome apprehencion about how
difficult vsing the .omputer mrght be. Ce.enteen of the teachers 1ndicated thear
students haa e~cruntered ne'problems 1n usiiia the games, The other s indicated only

_minds preblems with speaific games (which led te nodiiation of those games), -

v % *

‘ " . -

,low apirocyiiate was the level & the math content of the games o1 your
s’.udents: Arnswer s to thiz L{U@‘AIUH helped clantiy the app*opnata grade levels {or
the various ¢are. -, i . .

’ Vere the gams (oG chodt - tuw lang, tuu clow too tagt All the gameg except
Cavcer seem=t to L wl gppwonale lengthiand wpeed, Two te achers inducated that
Caucer was too slow, and cunsequently 1t was vpeeded vp, *Ceveral teachers
Mdicated that et deit: tended to pick the sluwer "vasted levels of multilevel games;
dif {ferential rewalds tie lped les sen thl‘ to come e tent, -

- " ’ L

Did you use the sound without headphones { so0, was 1t distracting”
lleadphones.weve supphied w1th the compute: < )stem, but elghteén of the twenty
teachers did not have then students use them., OFf these eighteen, only one
indicated that the spund was distracting after the (st day or two, (The volume
could be'contiolled. .

Do you have ar, comuents or suggestions that.nnght.be use/ul to other tea/cngl 5
using the games™ The most common conments weére (a) don’t be afvaid 87 the
computer, (b) tnts uducing each game to the class as a whole 15 the most ef{lment way
to have the child. en learn the 1 ules of the games, (' et up rules for a:omputel use)
and (d) set up a schedule (01 computer vse,

Do you fave suggestions for wnpiovements 1n the games™ Do youhave any
suggestions {for new games™ The e were many sugyestions for minor modu;;catxons
1n the games that would facilitate theiw use in the classioom; many of these
sugestions were incorpoiated 1nto the games. Many suggestions {or math contemt
for additignal gamgs wer e given, including mmputatlon beyond basic {acts, word’
problems, place.\dlue, telling time, money, {ructions, ude of the ruler, and map
skills. S v +
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= Although all but one of the teaehers in the f1eld testing were novices in
computer use, no significant problems were encountered in the yse of the games, In
addition, many invaluable suggestions f(?l' improvements 1n the games came from

these teachers, and I am truly appreciative of their contributions to the
development of the games. - :
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Tasic CGkillss Suvvey .

. Prior to development of the games, teachers at the three schools that were to
partlcipa‘ce in the field testing were asked to complete a questionnaire, The survey
was conducted 4o determine the teachers perceptions and needs in the 10 basic skill
areas in mathematics defined.1n the NCCM position statement ord basic skills,
Responses were received {rom 23 of the 20 teachers at the schools, The
questionnaire was prefaced by some excerpts from the NCEM position statement,
Thirteen of the 14 questions asked in the survey are reproduced on the following
pagé. The remaining question (#13) asked {or specific instructional problems and

needs in each of the 10 basic skill areas,

The |esu1ts of the sur vey are summarized 1n the table on a following page. The
results are not unlike results of other recent sur veys. Computation and problem
solving are seen as most lmportant and occupy the greatest amount of instructional
time for most teachers (comments on the questmnnanes indicate clearly that most
teachers equate "problem solving" and "word pr oblems™), Interestingly, these twb
areas were the\areas most teachers indicateds(a) they felt best prepared to teach

, and (b) they would like assistance with, I'robability and computer literacy were seen

as the least important basic skill areas. )
Although the survey was.useful an providing a p1ctuu'"e of the teachers
perceptions of basic skills, 1t proved not to be useful 1ndent1fying. appr&pTi’ate
content {or the games. It did, however,ensure that most of the teachers who would ..
be 1nvolved in the field testina weire atvare of the HCSM position statement that
provided the mathematical content framewor k for the development of the games.,

~
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Same Ferviormance Data
For each game, data 15 stored on student performance on the mathematics content
' 1n the game, sb that the teacher may examine these data to see what each student
has done and how well the student has done, Thece data are summarized in the
{ollowing tables {or 11 of the classrooms used in tKe study,

"’ Great caution must be used in interpreting these data, because the studies were
done informally 1n natural classroom settings. The abilaties of the students that
played specific games and the differing degrees of assistance provideg by the
teachers cannot be determined from the tables, Tor example; in several of the
primary grades the teachers selected thelr best students to play Golf and Compubar

and gave the some initial instruction in the mathematics involved in the games; in
the fourthrand Tifth grades a cross- section of the students played these games
without significant extra instruction on the mathematics content.

For each game the N is the number of -dxf{'erent‘st.udents that played the game
move than once. The {irst time a student played a game was not included in the

- ) -

caleulation of the mean, to lessen the effect that learning the rules of the game

would have on performance 1n the game.
3 ( '

For Goli, the mean 15 the average number of strokes per hole, For The Jax Game,
the mean is the pevcentage of correct choices, Tor Tigh Chase, the mean is the
number cofrect answers out of a passible 70, Tor Datterns, the mean is the
percentage of correctly matched patterns. I'ov Laces, the mean is the number of
correct answers before an answer was missed. 'or Chaos, the mean is the number of
correct matches belore one was missed or time ran out, Two versions of Chaos were
used in the studies. and thas accounts {u1 the large differences in means between
qrade’;‘.I’c\evelsw Tor Caucer, the mean 1 the percentage of correct answers., Tor

Compubar, the mean 1s the percentage of curnect answerss
. N !

-~
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. CBOIF/'CDﬁpubar Stud’)-f
]

Most of the {1eld testing of the programs was done informally, to allow the
teachers to use the games as they wanted to, and thep to.get direct feedback from
the teachers on how the games could be best used 1n®he classroom and on how the
games could be 1mproved. Hbwever, one formal experiment was conducted to study
the effects of the two mdst complex games, Golf and €ompubar, - .

N ~

~ A dass of 2T grade {our students, a class of 24 {iTth g| ade students, and a classg,
of 71 fifth grade students were used in the study., Lach class was divided randomly
1nto two.groups; the students 1n one group played Golf exclusively over a period of
two weeks, the students 1n the other group played Compubar exclusively during that
same period. To {acilitate scheduling the use of the single computer in each
classroom, pairs of students played the games, with each pair playing the games for
a total of approximately,one hour, spread gut over 2 4 ségsions., According to the
teachers, the students had had previous experience #ith bar graphs, ar 1thmetr&
pxpressions, and hnear measurement, but Little.or no experience with angle
measurement. No direct instruction on these topics was provided during the two
weeks of the study. - s :

1 N\

\ - ' b :
(‘ ' At the end of the two weeks, all students were aiven two testss (a)a 10 question
tesy on reading bar graphs and constructing anthmetic expregsions and {(b) a
10- question 1est on ectljnatmg the size of angles and the length of hines. Thus two
studies were conducted sumultaneously, a study of the effects of playing Compubar,
T, ,w;th the Goif ancuo <erving as the control group, and a study of the e{fects of
plaving Golf, with. the Compubar group se.vmg as the control gnoup. . .
The resulfs of the two studies are summarized in the tables on the following
page. Although inbdth cases the experimental group scored highér on the posttest
than the control group, this difference was nat statigtically sigmificant, It may be
that to be effective {a) the games must be played nore {r equently or {or longer
& periods at a time or &' the flames must be combined with direct instfuction on the
mathematmdl Lantent (nerther of these 1s a par t1culcn ly surpn 1s1nhg hypothesis),

. NOw that the 1niti1al development stage fm the qames has been completed,
. ‘ studies to determine the most effective classivom apphmtmns of the games would
certainly be apprcpnate.
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Curvey of® SCtudents
In the first 14 classrooms used in-the field testing, the students were asked to
complete a sbrvey about how they {elt’dhout usihg the games; they had been Using
the games for approxymately one month when the survey was administered.' I'or each
of the eight games tHe survey asked students to indicate how they {elt about the
game by selecting one of the {ollowing choices: (a) I didn‘t like 1t, (b) Tt was OK, () 1
liked it, or (d) I l1ked 1t a lot, This was fallowed by eight statements about the use
of the games, and the students were asked:to indicate if they (a) strongly disagreed,
(b) disagreed, (c) agreed, or (dY strongly agreed with the statement. To simplify
fillingrout the survey for the younger students the vei sion of the survey used in the
primary grades (1 1) was read to the students by thew; teacher and required them to
mark {rowning or S.mlhng faces that corresppnded to the choices listed above'.
Results of the suryey are summarized in the two t&bles on the following pages.
It 15 clear that the students enjoyed using the ganes, The most hked games at both
the primary apd intermediate lé\iels'were The Jar Game and Chaos, and,
understafidably, the least liked games were the games in which the level of the
mathematics comtent was mat appropriate for rte grade level (1.e., Golf and
Compubar at the primary lev€l and Sauce: a4t the inteinediate level), The responses
to the second hal{ of the survey indicate that students not only enjoyed playing the
games, but also felt that they had played the games well and that they'had learned
about mathematics {rdm the games.” .
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How did you feel about the game?
— - -

. 3

I didn't like i.c. L It was 0K, I: lilke' it. I 1liked At a iotz'.

1 E ".~. 2 3. . fr ‘

_G.rades 1-3 N | < ) Grades 4-5
Game - - N* Mean Sen. L "' Mean |, S.p. °

. folt . 2 2.8 1.0 86 3.2 0.9 .

Jar Game / ‘59, - 3.6 0.7 121 3.4 0.8

. Fish Chase 85 - 3.2 0.9 157 3.2 0.9

& Patterns ' Y ‘"5.2 0_.0' ‘ ) 57 . 2.8 ¢ 1.1

- _ Faces K 87 3.3 0.9 74 3:1- 1.0

» Chads ' 82, 3.5 0.8 . 108 3.4 1.0

Saucer ' 63, 3.3 0.9 41 2.4 1.1

Compubar *20 2.9 1.1 1224, 2.9 1.1

: /

2 ‘
.
)
o
\ o
b= P




L]
v
N
’
.
-
. <
N
-
.
, .
- -
!
N
'
.
A‘
s
wie !
-
- £
.
.
.
.

3

How do you feel about these statements?

-

disagree

v
.
2 .

strongly disagpee

about math.

~

strongly agree agree ,
1 T 2 9 4
N \ .
< : . Grades 1-3 - Grades 4-5
. .o SRR ST srades A7)
¢ ‘ f!z{rioan S‘Q15 N Mean S.D.
’ - ’ . '
I like using the computer. ) 4.0 « 0.2 1700 3.8 0.5
thputer games are fun. 89 . 3.7.. 0.5 171 3.7. 0.5
Computer games help me 88 3.4 0.9 167 3.4 + 0.6
learn math. . o0 4 .
"1 plaved the games well. 8 3.7 0.6 169 3.2 06
I liked the color pictures . 8 3.7 0.7 171 | 3.3 0.7,
on the TV screen. :
I liked the sound. 88 3.7°° 0.6 171 | 3.4 0.7
.I wish T had more t ime . 8o 3.9 0.4 170 3.8 0.4
to play ‘the gares. . .
The computer teaches me 88 3.5 0.9 167 3.3 0.7
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