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. . Abstract ’

. .
.

- R - :f
. . . hd

This paper, describes tpe"development and pilot test results of &

kN ~ .

PN
. computer-based curricular package dealing with instruction in word prob- .

lem solving for elemer;tary school students. An inforrhation processing

model for solving word problems is used to sequence the isroblems. Pilot

‘test results w1th five students suggest that the sequence derived fr;)m the

: model is h:erarchzcal, that students learn from the program, and that

‘théy enjoy the experience. ) . . . : oo
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) This paper descr:bes the development and pilot test of a curr_zcular . .

-~ package dealing with mstruchon in word problem solvmg for the elemen-

° tary school. The des:gn and rationale for the currlcula.r package: are .
deuuled in another paper (Roman & Laudato, 1974). The c.urrzculum,
destgntd the Word Problem Program,“is one of several programs de- -
‘veloped to investigate uses of the computer for mstructlon in problem

~  -+solving. If was created as part of the Computer-Assisted Instructton in

: Problem Solving Project, with the fundamental goal o£ teaching elemen-
tgry school children some\generahzable probmm solving sk:.lls. 'I‘his -
Ero;ect is, inturn, ¢ onducted as part of the Qakleaf Computer Resource-

' Project m:f/étqd by the Learmng Resear//a,pd Development Center in

1969 under sponsorship of the National Science Foundation. The princi- .

pal purpose of the Cakleaf Computer Resource Dro_]ect is to ”u{vesttgate

S appropr:ate and effecttve uses of the domputer in an :pd:v:duahﬁed school
s 1n order to\foster the adopt:on of individualized sy:;tems of elementary
) educat:on" {Block, Carlson, Fitzhugh, Hsu, Jacobso;:, Puente, Romztﬂ,

1Y

RosneJ-,,S:mon, Glase‘r, % Cooley, 1973, . 1). » . .

The Word Problem Program is des:gned to a.ccompfr'sh two mstruc-
tional goals. to teach, elementary achool r‘hzldren how to solve a.rxthmetxc
word problems, arfd to teaoh problem solvmg skills appl:cable to situations

not involving word problems. All mstruction in the Word Problem Pro-

' N gram is accompl:shed by means of a computer program. ‘e
p
' ‘ , - . - >
! . P ' .
’ . » N £
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. All the topics presented in this paper are d:scussed in more detail,

/\q a doctoral dissgrtation by Laudato (1975) Because the scope of this \

- study was so vast, the writers were forzed to limit the nur‘?ber of téﬁi
and their’depth of d:scuss:on in its presentation. The topics presented

were selected in an attempt to both summaz ize the study and hlghhght its
s:gmf:cance. This paper describes the goa.ls of the program, a method-
ology for defmmg and sequencing instructional objectivés based on an
informatiqn processing model, a;nd the design feartqres‘that enable thé pro-

gram to meet these goals. Finally, it summarizes the results of an experi-

L) . .= .
-

mental-pilot test.

.r — ”
Goals of the Word Problem Program "+ v

- A word problem isva written representation of a concrete, physical
s:tuatxon that requires the problem solver to engage in purely mental ’ T . e
actwmes in order to reach a quant:tat:vi solut:on In the &Vgord Problem
Program, the problem solving task is vxeweq‘as r.gqmring the appliqati?n‘
of twc; distinct sets of skills for sol\xt'ion- word problem-specific skills
and general problem solviny skills. To specify the word problem- spec:f:c

, skills, we have des:g,ned“:i model of human behavior on word problem

solving tasks based on the information processing work of Bobrow (1968)

and Paige and Simdn (1966). According to the model, people so}"veh word

s . 5
[N N . .

problems by: .-

(a) translating {ndividual pArases into symbolic expressions. 4
a Y

-

J
(b)

(c)

(d)

L .

tary school students do not use formal algebra to solve wond problems,

’

ERIC

Aruitoxt provided by Eic:

combining the expygssions to form equations.

manipulating (;.fynecessary) the equations to attain a directly.

solvable equation. . - o

performing arithmetic computations to attain, the answer.
- . ~ . L4

V\fhile the lgnguage used to describe the model is algebraic, clemen-

-~
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The algebralc langua.ge, then, is a metaphor for the proces ses of sym-

bolic representat;on. ané‘ mampulatmn lhat actually do take pla.c e.
. Py
zﬂe,mformahon processmg model clarz.f:.es the skills requxred to

. selve word problems. The skills of _the third and fourth steps are usually
algorlfhm‘ic to e1ementary school students, whxle the skills of the {irst
. two steps include hxgher level cognitive processmg. “In the Word Problem
\ngram, conce°rn is with problent solving and not wrth competence in
algorlthmm manrpulatron, and thus students are assumed capable oléilov‘)’

‘ing number sentences and computing accurately. The first major goal;

v

the Word Prablem Brogram is to provide an environment that facilitates’

" the acquxsztron and application of skills, necessary to perform the first

®  and second steps of the model. ’

v

. Several researchers (Newell & Simon, 1972; Olton, 1969, Papert,
-1972;_Polya, 1957, W;ckelgren, 1974) have hypothesized skillg and strate-
gies for solving word problems whose application is not lumted to the
specific case of arithmetic word problems, but are genera.hzable to many

situations. sThese general problem solving skllls mclude r’ecogmzrng the

i existence of 4 problem’solving sltuatlon and clearly stahng a goal; gather-

ing, recording, and organizing the data, breaking a complex problem into

-

rts, solving the pa ts, ana reintegrating the partial sol tlons into a
pa g p f g g F

solutron to the Whole problem, and recogmzmg wherﬁh’&.eolution has been
atmmed when help 15- needed, or when to give up. The second major
goal of the Word Problem Program is tp provide an environment that

x’a.cillitates the acquisition and ap lication of these skills,

4

. . , Instructional Objectives » »

An mstrufﬁonal object?ve for the Word Problem Program consists
of a group of probléms that require the same kinds of information process-
ing skills. Thus, in order to specify an instructional objegtive, we need |,

' to specify the skills that the student must be able to apply and the criteria

[N

o : !’ -~ '
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v s that lz;ter objectives regnire quantitatively more and/or qualitatively dif-

2 > o p? R
for evaluating that application. Instructional objectives at%¥ sequenced 50 )
N .

erent processing skills. . The specification of skills fo‘: ¢ach obJecnve
a‘g.d consequently, the hxerarch:cal ordermg of obJectwes, is facxhta.ted’
by a component dnalysis performed with respect to the word prob).em- .
specific skxlls identified by the model 'I/o’)\ complish the component
analysis, we have Qevised an a-lgor:thm wh:ch solves the probler.s used -
"in the Word Problem Program and outputs data about t}‘xe ptocessing steps
required to r'eéch a solufion‘ ’ 'I'hese processes a(re‘a'nalogous to the ‘skills'

humans employ to solve word problems. -

A s ' t

The solution algorithm 1s a set of rules that translates a given word ’

.

probl’em into symbolic form and mampulates the symbols fo attaina solu- P
tion to the problen{. "I'he algorithm opeyates on item forms.‘° An item

form speclfles a set of problems whzcléz/a.ve identical syntactic form
(Hively, 1963 Osburn, 1968). In this case, each item form specifies a ' . .
set of problems created by filling several gra.rnmatxcal slots with items

from word hsfis For example, given the following word list and sample

1tem form, 108 (4 x 3 x 3 x 3) unique word problems can be generated

<

without varying the numerical dita. T . i -

WOfd Lists: * ’ . . -
, . ..
. (NAME) = JOHN, 'SUE, JOAN, DICK ..
(VERB) = COLLECTED OBTAINED; GATHERED
(OBJECT) = STAMBS, APPLES, BALLS . .
(DATE) =. AUGUST, THE SPRING MAY /
(PRONOUN) = HE, SHE - y
', +_Sample Item Form: { s S T
s Y ” -
DURING (DATE), (NAME) (VERB) (NUMBER, 1) (OBJECT). ~
: SINCE THEN, (PRONOUN) (YERB), (NUMBER, 2).MORE (OBJECT).
- *
. HOW MANY (OBJECT) DOES (PRONOUN) HAVE NOW?

E

T |,

-

*
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In the Word Problem ?x;ogram, there are 45 differenz)"word lists,
. . ’

Thus, the number of unigye word

each containing fronr 3 to 10 words.
problgms that can be generated from each item form rea.clhes the hundred
thousandlq (A typxc\‘i item fofm that uses® six h\s{ta thh‘approxunately
seven wdrds&per ljt can generate 76- 117, 649 duferen!; pr6blems. ) In
addxtxon, the specx[xc numbers used in each problem yary to furt}‘er

dlvennfy the A more extended discussion of the use of item_
7/

Problems.
forms is fodn;[m Romakﬂ and Laudato (1974) . . .

A'set of a;:proxxmately 200 item forms defmes the universe of prob-

l2ms for use 1n“the Word}Prob’lcm Prog¥am, * These problems require

f#om one to thrceﬁdxnerent arithmetic operat:ons applied from one to five
3

times. They are roughly cquxw\lcnt in difficulty to those from f.h/: Indi-

vidualized Mathematics and Imhvidua.lly Prescribed Instrur_non‘matcrmls

for grades 3 to 7 (Research for Better Schoolé & Learning Research and

Development Céntexr, 1972).
v . . '

The solution qlgo;ithm'l,s applied in two :;tages. -a translatjon .stage
and a mardipulation s.tage. 'I‘he transla.txon stagé makes a symbolic repre-
sentation of each phrase in the item form and passes the resulting equa-
The manipulation stage combinc

The folloying sections illus-

tions to the n;;ampula.tlon stage.
tions in such a way as to prc’dx;c.e a solution.
trate the opera.tton of eachf these stages. For sxmplic.xty. the cxamplés

-
will show the algo’rxtfxm opcratmg\on pro'blems instead of item forms, .
. -

B ~ « v

) ' :
B »,
) S , .
[ > . - %' . * s .
. e . ' . .
. ': “ \ x % o -
“3. - * R N
. o . ' . '
Example Problems: - <"’ Y - ’ U
; ) ST L o .
S~ ﬁlIRING'mE‘SP ING, JOHN COLLECTED 25 STAMPS.
SINCE THEN, HE COLLECTED 13 MORE STAMPS. s 2
"HOW MANY STAMPS DOES HE HAVE NOW? - PR
. ~ : " g
N DURING MAY, SUE OBTAINED 16 A_PPLEé. v .,
: SINCE' THEY, $HE QBTAINED 32 MORE ARPLES.
a [ & - - -~}
' HOW MANY ARRLES DOES SHE HAVE NOW? H

-

the equa-
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The Translation Stage ./ s

‘The first task that the solution algorithm must perform in the trans-
lation stage is that of dividing the problem into phrases. Under sp.ecified
conditions, certain words a;xd/.or punctuation serve as phrase dclim.itexa,
e.g., periods, \question marks, or the word "IF" followed by-text that is,
in turn, followed by "AND" or "HOW MANY." After phrases have been
identified, the algorithm proceeds to tran'ola.te-each phra.'se into a.. symbolic

‘repreaentation. Each phrase is interpreted as ;:ither assigning a.-numeri-
ca.l value to a vatiable or aakmg a question. * The. a.lg'o ithm ignores phrases
that do neither of these. Thus, 2 ph;z:ae such as "JIM AND TOM WALKED
TO THE Z00O" would not be represented aymbohcally in the resultant set’

a *

)

of equations. . »
e

Som\e word p;oblema'r'equire‘temporal informa.ti.on in order to inter-
pret and solve them. The algorithm note8 the occurrence of phrases such
as "TWO WEEKS AGO," "YESTERDAY," "NOW," and so on, and tags
each expression as u:a the relative temporal sequence of the events in the
problem. If there are no sucl temporal references in the problem, this *

* informdtion is omitted.

Mogst phrases aasign a picce of numerical data to some ochct,

person(s). or event in thc problem sxt‘uatxdn. For example, the phrase
. . .
(1 JM BOUGHTI 15 APPLES ;
i o ..
assigns to a variable named ‘the number of apples of Jim" the value "15."

This dssignment is represented aymbolica'lly as -
- 1}

(2) (APRLES, JIM) = 15 T f.
Similarly, the phrase
(3) TOM BOUGHT 5 MORE APPLES THAN JIM

: -
assigns to a variable named "'the number of more appl{a than Jim of Tom"
N z »

[‘

= ||m Provided

-

]




the value ""5.*" This. is ‘represented as

(#) (MORE A‘PPL‘ES THAN JIM, TOM)=5 .

B,oth of the’se t‘anllatxons iogow the general rule which states that if 91%
phrase comusts of a ptrlcg oﬁ words (represented as <STRING. 1> ) fol- |
Iowed by a verd which connotes pontxve acguisition (represented as

<+VERB) followed by a number (represented as < NUMBER.1> ) fouowed

R

by a gecond string of words (<S'fRING.2>.), or,

& (5) <STRING.1> <VERB> <NUMBER.1> <STRING.2>

- L4 ~

v then such an expreulon is aymbolically represented as

(6) (<s'mmc.z>. <STRING. 1>} = <NDMEER. 1> . .
1. )

. Thus, if the algori%hm finds a phrase which matches the form of

g. (5), it tram;lates it to (6). A phrase suchas
. \-‘ . = -
{(7) HOW MANY A'PPLES DID JIM AND TOM BUY?

must be viewed as *
L

(8)"YIM AND TOM BOUGHT ? APPLES

to'be translated, by/the same general rule, to
f A £
' {9) {APPLES, JIM AND TOM) =

Some sy_mbolic exptcesioﬁs in the form of (6) must be further trans-

lated. For example, expression (4‘)¢abovc,

- . {MORE APP[..ES THAN JIM, TOM) = 5 :

- is transformed by a specific rule to

{10) (APPLES, TOM) = (APPLES, JIM) +5

. %

That is, the statement “the number of more apples than Jimn of Tor is 5¢

is cquivalent to the statement “the.number of apples of Tom is equal to

the aumber of apples of Jim plus 5." |

- ERIC S ag \



Finally, the algori{h!p: scans the sct of g generdtg cé:pressions for

further-m,)dxﬁcanon by means of specific rules such as the union rule,

+ This rule states that ’ )
(11) ' (X,.Y, AND Z) = (X, Y) + (X, Z), where X, Y and Z aré toxt.
. e
. < N - . .
Application of this rule to expression () generates thexadditivnallagpres \
.sion : ’
" .

(12) (APPLES JIM AND TOM) = (APPLES JIM) § (APPLES. 'I’OM)

»

The solution algonthm for thz translation stage tonsists of a set of
rules wh1ch perform such transfp:manons on each phrasc of cvery stem
form in the domain of the _program. This stage is compIctc when each

f resultant expression has ﬁ:cen reduced to its nmplcst. fotm. The sym
bolic expression*i are then passcd to the~mnmpulatmr} stage.
The Mzniﬂlation Stage ) f/. . .

The manipulation stagc of the a.lgonthm consists of a set of rulgs

governing the COlamativn and mampulation oi thc cxprcsswns derived by

\ the translation stage. The first step in the manipulation stage is to locate
the express'ion which contans the unknown. I this exprcssion ia in indi:
rect.form, it must be\mampulated so that the question mark will be iso-
lated on one side of the equation. An analoby to number sentences helps
illustrate the cuncept of direct versus mdu'cct equations. The, numbex
sentence "'? = 25 + 19" is in dizect form, no processing othcr than arith-
metic is necessary,in order to solve for “"".‘ The rhxmbcx sentence
"2 - 5= 12", however, is in indirect form, in ozder to attain the solution,
it must first be tra.nsformcd to the cquu'sllcnt number scntcncc 12 ¢+ 5

and then the value of "?' can be dctcrmincd by arithmctic.

Several rules govern the manipulation of equatibns x? order to attain

desirable results. For c:a{lm'plc,' ..

ERIC

Aruitoxt provided by Eic:
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- odcurring over time to produce the current event, or

(L3) (X Y) +A = (X,.2) Lfand only if (X Y)= (X, Z) -
(14) (X,,Y)- A (X, Z) 1£ and only if (X Y) = (X, Z.)/A

where X, Y, Z are text and "A" is.either a number or "?",

“ . -
After the unknown has -been isolated, the algorithin checks whethgx

the equahons are tagged according to temporal sequence. If this is so, .an

externp.l equation is added to tMe previously generated list. This equahon .

simply statel that an &vent occurring in the past is modified by an ;Vcnt

k4

.

(15) (X, Y)[PAST] + X, Y) [OVERTIME] =X, Y) [PRESENT]

.’ T

¢ The algo;:itlim now proceeds to make direct substitutions of expres-
sions for those occurring in the equation ti:at contains the unknown, If 1t
locates, in the unknown equation, an ex,pressxon for which nomssignment
\15 directly avai ablej, it searches for the presence of that expression in
other gq\;atlons. The algorgthm must then proceed to maanipulate the new
equa.tioxi’to isolate the desired term. If this process does not sucdéed,
other external equations may be added to the list of ‘equatxons. For exam-

ple, a multiplicatjon equation which is ofien employed is ,
(16) (X3.Y)- (Y, 2) = (X, 2) ! K
This can be interpreted as £q11c;ws: The phrases |

> (17) JOHN HAD 20,BOXES OF ORANGES.
(18) EACH BOX CONTAINED 10 ORANGES.
(19) - HOW MANY ORANGES DID JOHN HAVE?

.

are 't“ranslated to ', - [
. ) N ’ M - . - . 4 q
(20) (BOXES, JOHN) = 20 . . - .
v *
(21) (ORANGES, BOX) = 10 : -
(22) (ORANGES, JOHN) = ? o . ’ n
Y - ’ \

Applying equation (16) to equations (20), (21), amdl (22) yields
(23) (ORANGES, BOX) - (BOXES, #JOHN) = (ORANGES, JOHN),

.

) v 9 & {:)‘




J
Two direct sx\xbstitpticﬁls can now be performed on equation (23) to yield

L)
-~

(24) - 10 + 20 = (ORANGES, JOHN) =2 , -

.

. & . .
In applying the algorithm, each step is recorded to yield a "trace"

" of the process. Let us take as an example the pl"xra.ses translated in the N
preceding subsection. The phrases were: , A ‘ , ‘
% > ¢ " - N *
{1) JIM BOUGHT 15 APPLES, ’ .

{3) TOM BOUGHT 5 MORE APPLES, THAN JIM,
(7) HOW MANY APPLES DID JIM AND TOM ‘BUY?

»

These are easily tra.nsl‘a'ted to v + ’
(2) (APPLES, JIM) = 15 : T
’ (4) (MORE APPLES THAN JIM, TOM) = 5 '

(9) (APPLES, JIM AND TOM) = ?

" Before leaving the translation stage, equation (4) ts further procesged to .
yield *

b}

(10) (APPLES, TOM) = (APPLES, JIM) + 5 . '

and equation (9) generates an additional equation by applicatxplf of the union

rule (11). . : “ -

-— .

'(12? (APPLES, JIM AND TOM) = (APPLES, JIM) + (APPLES, TOM)

In the manipulation stage, equatmn (9) is identified as the unknown.

Smce it is direct and does not mvolve sequence, a.substitution is made of N
equat:on (12) into (9) tec yield JE - ,;
' ¢
(25) ? = (APPLES, JIM) + (APPLES, TOM) . -
' v e

Next, two direct substitutions of (Zla.nd (10) into (25) yield ,
> h o . -
(26) ? = 15 + (APPLES, JIM) + 5 :

o L S . . ,

ERIC. j 14 ‘ .
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and finally; (2)is again substituted into (26) to give

. .
2 (2D ?2=15+15 +5<35 ,

This problem thus req\‘xired in’addition to the translation skills, t;‘le
application of the union ritle, the spec1a1 "more than" rule, and four direct.
substitutions m order to attain the solutlon The algorithm has been applied
to each of the 200 item forms to produce lists of processmg steps similar to
that in the example above. The remainder of this section shows how these
data were used to define and structure learnjng objectives.

[ ’

The Objetctive Ar ray

-

_ The solution alg'o'rithm outputs lists of the steps needed to solve a; .
givén‘itefn form. Accé)rc}ing to the model of human problem solving behavr
ior, these steps are analogous to the information processing steps that _
humans utilize in 'solving Wérd problems, In this sense, the application of
the algorithm to each item farm is equivalent to performing a component

) ana.lya’is. What was needed was aﬁway to use information from the solution

glgorithm to create and seq\.xence instructional objectives, . R
- i . .

The list of steps fronx;/tg:e solution algorithm was examined in.detail .

v

to identify similarities and di_ffgre\;mes among item forms. It was imme-
diately ascertained that some item forms wese nearly identical in terms
of the processing ;t;ps needed for soluti'on. Such item for.ms s}ioufd not
differ sigmificantly from egch other in terms of either difficulty or pre-
requisite skilla, It was thus decided that the item forms should be divided
into a shnall nuinber of groups that were, in theory, homogeneous with

x;egard' to information processing skills.

Several 1mportant distinctions between item forms were evident.
Fxrst, the item forms dxffered on the basis of the number of direct sub-
stitutions requ\red to solve them. This .number varied from one to five. . ,

Item forms that require more direct substitutions require a greater amount
]
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Aruitoxt provided by Eic:
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ofpr.ocesaing and thus, hypothetically, are more difficult. Next, approxi-
+

mately half of the item forms required the use of rules to manipulate equa-,
tions from mdxrect to dxrect form. Item forms that require this additional
information processmg step are, hypothetxca.lly, more difficult than those
that do not. Another impoitant distinction is that several of the problems
contain numerical data, unnecessary for the soh_xt'ion of the problem. Re-
search has\dei'nonstx"ated (Hydle & Clapp, 1927) that problems containing
superfluous data are more difficult than Problems that do not. Finally,

item forms can be djstinguiéhed on the basis of whether or not they require
— . -

additionalvexternal rules for solution. L

. v ' - 1
With these distinctions serving as guidelines, the item forms were
djvided into 24 groups which were then.placed in a three-dimensional array.

This4x3x2 objecii\/re ;u'ray is illustrated in Figur; 1. Item forms in the
r.l

top layer of the array (in cel}s 13-24) are those that require the application

of one of the "indirect rules' while"those in the Lottom layer do not. Approxi-

mately the same number of ifem forms are in each layer. The three rows
of the objective array represent the dimension that involves the number-

of-direct-substitution data. Item forms in the first row require one pr ‘
two direct substitutions, ogf in the second row require three, and those

in the third row requite four or five substitutions. These groupings were

- 1 . f
chosen so that almost the same number of item forms woulq lie in each row.
? . PR

Bhe last dlmensmn of the objective array makes further distinctions
befween these six (Z layers by 3 rows)’categorxes._ Item forms in the f:rst
column require only direct substitutions in.order to reach the solut:on. .
Those in the second column require the use of special multiplicative rules
in addition to direct subst:tut:on. Item forms in the third column require

the same processes as the second but also require the use of special cxter-

'+'Aal rules such as the temporal sequence equation. Finally, those :tem

forms in the fourth column require the rules of the second column but also

contain superfluous numerical d%w. The objective array, thus structured,

. . /
\ . R |
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groups all of the item forms in the progi'am and organizes thern according

v

to prerequisite relatisnships. " ,
. Along eac‘l; dimension of the array, the item forms increase in diffi-
cult{v and. build upon the prepfequisite item forms that preceded. Fo: exam-
'ple, in order to solve the item forms in the third column successfully, the
student must po'!'sess the skills requxred to solve item forms in the first two,

) coiumns. Thls 1s true for both layers and for every row. Further, to sqlve
item forms in the second column, the student.must possess the skills rec.l red
to solve item forms’in Q\e first column Similarly, t}ns type of prerequxsn e
relationship holds true for each dunens:on of the' a:ray. The exception is
the fourth column. Only the f:rst and secend columns, but not the third co}-
umn, are pr.e‘requ:s:te to the fourth column, e _' A3

’ D
Since the item for’ms within each group are n¥ar1y homogeneous in

terms of the gkiils needed for solution, the groups of the array can serve
as ;nstructiona.l obJectxves. For example, group 13 defmes an obJectlve as
such: The student will be Able to solve word problems that requlre one or
two direct substitutions and application of an indirect rule. Graphically,
the immediate prerequisit:s for a given objective are: (a) the objective in ,
the layer below it, if any, (b) the objective to the left of it in the: row, if any;
and (c) the objective above it m t}le column, if any. A given objective also
has as‘prerequlsxtes all of the prerequisites of its prerequls:tes. For
exgmple, the unmedxate prerequisites of obJectlve 18 are obJecuves 6, 17,

and 14. Ih addition, ObJective 14 has as prerequisites 2 and 13; 17 has 5 and

13; 6 has 5 and 2, and 2 has lasa prerequisite. Thus, the prerequisitestof

objective 18 are objectives 1, 2, 5, 6, 13, 14, and 17. The obJectlve array
can therefore depict a quite complex learning hlerarchy in a reiat'ively sim-

ple faghion. | : / .

In pre.cti!:e, the instructional objectives of the Word Probfem”":ugram
actually require the ot\ldent to be able to solve a mix of problems from sev-

eral groups. The rationale for this decision, which essentially seeks to

. © ? '
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target group- -the group for which the student's work is evaluated--and the

MC . :r..g\ “ ) .

Aruitoxt provided by Eic:

insure that stu.de.nts will not solve probl'ems with trivial a{gorithms, will be
discussed further in the next s;ection. The method eerloyf;d to accomplish
this mix of problems required the designatibn of a' "target' group and one or
mogre "practice” groups. In the instguctional sexssion during the pilot test, .
the student received a set of problems randor'nly selected from the-designated
groups. Fifty to sixty-five percent of the probleme were selected from the
s
remainder were selected from tlie practice group. For each group in the

top layer of the array, the practice group was the group beneath thé target
group. fo"f each group in .the first row, the practice group was the gro.u.p

L3

the left, and, for each of the remaining groups; the practice g'roup was the

3

group immediately above it in the same column. In each case,. the (prac-

tice group is one of the prevtously mastered umned:ate prereqms:tes. .

. Students are evaluated on the basis of their performa.nqg on. the prob-
lems from the target group. A student's work on a target _group is des:g- .
nated as either mastery or nonmastery, and sequencing decisions are ‘x_nade\

on the basis of this evaluation.

-

The obJectwé array 18 used to 1ndw1.dua11ze the sequence of instruc-
tional objectives for each student.” This sequencmg is based on both the,
student’s performance and on the hypothesized prerequlsxte relationships
among the groups. After ha.vmg mastered group 1 the student moves along.
a chosen dimension of the array until either the, last grgup in that dimension
is ma.stex:cd or the student cannot master a given group, In either case, a
new direction is chosen and indtruction begins in like manaer along that
d:mensxon. It progress has been stopped along all d:mensxons by non,nas-
tery, imstrudtion’ begms,th.h the first nonmastered’ group as the target
group. The program wxll fxr;t attempt, to proceed across rows, the‘n down
coluymns, and fmally, up to thg top layer. This precedence is subJect to
change, however, dependmg on whith direction is easiest for the student.
For example, suppose a student mastered objectives 1 and 2 but failed on

[ ' ] .

N .
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objectéve 3. The ptogram would then choose a new d:rect:on, and thus
group 5 would\be tife next target group. If the stu ent m&stered obJect:ve 5

and proceeded to master objective 9, a ngaw d:rect:onﬁould again be chosen.
A

-

It the student then failed obJective 13, the nonmastered group 3 would be pre~

¢ «

ented agam. Fa:}re here would again allow the student to proc.eed along
the rows to obJect:ves 6 and 10. Thus, alth&ugh the student must eve?xtually Lg
pass objective 3, initial or éven subsequent failure on it will not 1mpede

”
# progress in oﬁxer"areas of the array. . . :
; . v .
~ "’-

b R ~ -
“In sum‘mary, the aglution algorithm and objective array specify instruc-

tional objectives, structure them in terms of theirf relationships, and are

> used to make sequer'lcing decisions}. . . B ,
‘ s

. .

. A l Instructional Strategies
r ]

. All instruction in the Word Problem Program takes place by means
of the computer. The progr’am presents problems.to the individual student
at a time-sharing terminal, interacts with the student to asgist in the solu-
tion p,;?‘cess, jadges the student's work, and chooses new problems appros
¢+ priate to the student's state of learning. Students are expected to acquire
the target problem solvmg skills by induction. Although specxf:c mstruc—
tional strategies are employed to assist in this acquisition, the sequence of
4 mstruct:onal objectives bears the brunt of the instructional load. The Word
. Problem Program combines the traditional instructional methods that have

shown the greatest success. This section outlines several instructional
N ;

The program emphasizes translating the problem to number sentences.
’

featui-_es‘ of the program. .
v

- !
An analytic instractional metrod would encourage the student to proceed

systematically with the translation, Several methods, which are all called

analytic, have been studied. For example, Morton (1925} defines ;ﬁy’analytic

method as a three-step prpocess, whereas Washburne and Osborne. (1926) s

~ .

L
use a sik-step pro’cess. All definitions, however, include three grucial

o . ,
1 S
o e .
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steps: (a) Eetermine what is to be found, (b) determine what relationships .
nd numerical data are given; and (c) decide which mathematical operations

are needed to attain the solution. N -

In their inform'atiye review, Suydam and Riedesel {1969) conclude that
“informal procedures are superior to following rigid steps . . . if the analy-
sis method is used, it is reeommended that only one or two of the steps be
tried with any one p:oblei’n" (p. 50). Rather than rely exclusively on analy-
sis, a second methed, relying on analogous problems, has been incorporated

in the Word Problem Progra.m.

-
-

The aralogy method has a variety of definitions in the Eferature. All
mclude two crucial parts (a) a problem similar to the original is presented

by the instructor, and (b) all the informatidn necessary for the correct solu-,

tion is preserved in the analogous problem (Gorman, 1967, M?rton, 1925).

. -

In th‘e.Wo;d Problem Program, the analysia method and the analogy

»

method are used when the student asks for a hint. The set of hints for ea.chl

problem models the translation process. : * \

»
o !

'.'E‘he first hint for each problem identifies the unknown for the student
and suggests that he or she reread the problem. This hint e\grresponQB to

the first step of the analytic method. The gecond.hint is a restatement of

the problem in s:mpler syntactic {urm, omittmg superfluous information. Y‘

The student is directed to compal\ thé restatement to the original. I‘l’ns

second hint c‘orresponds 39 the analogy method. "The third hint is a maﬂ:xe- “
matical statement relating the variables in the problen'; and, giving an appro-
priite number sentence. This hint corresponds to the second step o£ the )
amlytic method by makmg the relationships between variablcs exphc:t.

Smce we a.gsume students know how to solve numbgf sentences, no hirt v

corresponds to the third step of the analytic method. An example clarifies

the i'elationship between hints and the original problem.
o

2
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The Problem: J

10 GROUPS OF WOMEN AND 19 GROUPS OF PUPILS WENT TO
' THE BALL PARK. HOW MANY MQRE PUPILS THAN WOMEN WERE

¢ .U—lEiZE AT THE BALJL PARK IF THERE WERE,9 PEOPLE IN EACH
“
- GROUP? L . T
N * . .
First Hint: - . 1 .
r

. : 4 N
HINT: RESTATE THE QUESTION. FIND THE NUMBER OF MORE
.. PUPILS THAN WOf;/[EN AT THE BALL PARK.

NOW REREAD THE PROBLEM. 2 .
— \ . N { i LY

', Second Hint: . ‘

HINT: RESTATE THE PROBLEM. IT IS SIMILAR TO:. .

10 GROUPS-OF 9 WOMEN AND 19 GROUP$ OF 9 PUPILS WERE
. AT THE BALL PARK. \ S .
? = MORE PUPILS THAN \WOMEN. 1 v
NOwW REREAD THE ORIGINAL PROBLEM.

v . . L
Third Hint: . ) "

HINT: TRANSLATE THE PR OBLEM TOA NUMBER SI:.NTENCE.
10x9 WOMEN +? WOMEN =19x9 PUPILS OR,

N )

10x9+2?=19x 9
NOW, SOLVE THE NUMBER SENTENCE.-

-

w0 The hipt structure used in the program is designed to encourage the }

student to take the following steps in pxjc‘)ble‘in analysis./ {a) iﬂenti:fy the
’ unknown, '(b) translate the w;r;i pr'oblem into a simpler analogous problem,
{c) translate the simpler'problem into an aritbmetic number senter: e, and
\ (d) solve the number senfence. This structure combines the best features
of the analytic and analogy methods, provxdng help when it is neej:i and

modeling degirable strategies for solving word problems.

¥ .

N2 o
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One final contingency must be p(ovided for in order to ensure the suc-
cess of the progtam. This contingency deals with the subtlg distinctions

between problem solving. dnd algorithmic behavior.

In most elemehtaty school curricula, word problems are used as
exercises to increase competence in computation. For example, a lesson
designed to teach the student to r‘nultiply three-digit number; will often be
followed by a set of word 'problems that requires the multiplication of
three digit numberIS, th: student can.solve the problem without r.cadingé

- \
singlé word. In their report on research and development in elementary /

[ g

‘school mathematics, Suydam and Riedesel (,1969) state that studies.''reveal
that pupils often Eive little attention to th; actual problems, instead the)}
almost Sandomly manipulate numbers” (p. 47). R). P. Stevenson &cited in
Riedesel, 1967) poi'ntgd out that manipulation of the numbers is more algo-
rithmic than rar;'dom. For example, he describes a method used by an ele-

mentaty school student: . ‘

If there are lot5 of numbers, Iadd. If there are only two numbe\rs

with lots of parts, I subtract. But if there are just two numbers

with one littler than Ble other, it is hard. I divide if they come

out even, but if they don't, I multiply. (p..308)

. In extreme cases, the numbers alone cue the correct opetation, and

the student responds algorithmically rather than by utilizing problem solving

skills. The order in which problems,are presented can also radically alter

5 e ‘ v
. the difficulty of individual problems. For example, both Loftis (1970) and
. ‘ r

Hydle and Clapp (1927) found problems are easier when they can be solved
by. the same operations (in the same order) as the p};ﬁ:‘ding problem. Stu-
dents o'flen respond to a new ’problem by attempting to apply the solution

steps from the previous problem.
« M

o To avoid reinforcing such undesirable algorithms, the Word Problem

Program employs three strategiss. First, the problems presented by the

program are v‘lritten so that no word or phrase consistently cue‘s the cor-

rect pperatign. For example, the words "divided by, " "times as many as, "

R 19 .
l o -
} . Q . 2‘:3 ’
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"ea(.h " and ""average' are used in both multxphcatton a,né division problems.,,
Second problems are sequenced so that smdents never sec a set of problems

that can all be solved with the same operation. This dlscourages respondmg

with the qperation used in the precedmg problgm. I‘mally, the numbers m .

the Word Problem Program are chosen sq that they vary in mabmtudc so

tha?;ne of the nurnbers is a fhctor of anotherf, regardl'ess of .which arithme-
" tic operation correctly solves the problem. This (eamre eliminates the cues

that‘ the numbers themselve,s provide and, along with the. fir;st two featyres,

forces the student to find more appropriate strategies for' choosing a particu-

. .« - . "
lar operation. ] .

‘. . F -
_ A goal of the Word Problem Program is to te:’ach. the transla}.ion of a

word problem to a number sentence, but not to teach the‘qolutiomof the

equations e the computation of the final answer. For this reason, as well
as to allow the freedom to .hoose numbers by the above criteria, the pro-
gram must do the arithmeuc fg,#ic\dauon for the student. The W urd Problem
Program requlres that the student specify the operatxona and uperands neces-

,8sary to solve the problem, but does not assume that they have the a.blhty to
compute with the large numbers used in the prol;lems. .

%

A

4

& .

v

' : The Pilot Version
. L 3

The Word Problem Program opezated on a tryout basis at the small

co,mputer resource at an elementary school in suburban Pi;;sburgh. I"he

0
-

computer {a DEC PDP 15 with 64K 18-bit words of memory) has been v
located in a van outside the school since Spring 472, and now provides

locilly controlled service tb the school throughout the day. |In spite of the .
N ;

N
conytputer’'s smhll size, it has a general-purpose time-sharing system
( 'SS) d?signed and implemented by thé Learning Research and Develop-
- -

.ment Center (Fitzhugh, 1970). ETSS currently supports 16 terminals.

A student's interaction with the Word Pxoblem Program begins with

a problem written on the screen of a cathode ray tube. »The numeric data

.

‘20
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presented in the problem 1s then listed beneath the problem (in order. of
appeatdnce in the problem) and labeled with consecutive alphabetic chara‘t—l .
ters, each on a separate line. After reading the problem, the student has
s'evera.l options available: He or she may type "SI{ANGE; to get‘a new .
problem, type “HINT" to receive a hint, type "ANSWER" followed by a let-
ter to indicate that tl?e number represented by the letter is his/her answer,
or perform a.n arxthmet:c operatwn, To perform an operation, the student
types two operands (represented by alphabetic symbols) separated by an
(tpergtio?,symbol (+, -» X, 0r /). I"he corrxputer then performs the calcula-
tion and displays the result labeled with the next available alphabetic charac-
ter. EAch txme the computer processes a request, it erases the request
and any superfluop.s dxsplays from the screen before it creates the new

 ° ' . R '

: - * display, L .
. * L3 I
. El Y . B

- If the student types an incorrectly formatted request, the program

diagnoscs the mistake and provides c-orrectivejfeedba.ck in the form of mes-

sages, For e:Ez;mple, if the student typed 19 + 24" the program would

. remifid him that ‘he should "TYPE LET'i‘ERS pNLY". If the student desig-
nates an incorrect Value for the answer, the program types "WRONG AN-

» SWER"followed by t;he prompt "' TYPE 'HINT' IF YOU WANT SOME HELP",
i the answer is corrfct, a bell is sounded and the message "GREAT!" is

gyped on the screen.

. N ,':r N , »
, . . v .
(/
. . 3\ : N
Pilot Test T N ) ’
, e . o, .

Throughout the developmentalﬁperiod, the Word Problem Program hf.is
undergone formative evaluation. The proéram‘has been reviewed by other
. members of the Computer-Assisted Instruction in Problem Solving Project
.in each of its'design and experimentalvpha.ses. ‘It has also been tested on
four stuJents in ag‘exper‘in,xental non-comp&tez vereion and with fou'r students
1n an experimental computer version that requ..ed.'mtetventxo‘n, by the experi-

menter. Both of these tryouts were conducted in the LRDC laboratories.

El{lc | : ' 25 Yo' e
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The results of these evaluations helped refine the program and encuuraged
continuefl developmental efforts.” This section reports the results of a third

pilot testwhich was conducted in a school setting with minimal intervention
. . » ’ ‘. * ~ <
by the experimenter. - . . . i
' S

:
The pilo} test was performed with two fourth-grade and three fifth-

grade students at an elementary school. Four of the students were chusen

by their teacfxers for participation ;n the pxlot test on the basis of their need

for remedial instruction in word problems. The fl.ith student was chosen
iacher felt he lacked motivation, required spc.cxal at!enuon,

L] -

and was dzsruptwe in the normal individualized classroom cnvuonment.

.

because his

Each student received irlstruc'tion from the program for two sessions
per week over a seven-week period. " The sessions lasted from 10 tf’ 40 ,h
minutes, with a norm of apprdx;,mately 25 minufes. ‘The first session con-
"sisted of an introduction to the format" of the program and a 10-item’ pre-
test w’uch sampled ten cells from the a,iray. In the last session, the pre-

.

test was repeated using the same item fprms, »
. » .
»
The sessions were held during the time set aside cach day for the

tudents to engage in activities of their choxce, provided they have fulfdled
ﬁ‘\; weekly commltments. Students Ieft their rooms at the specified time
. to come to the centrally located texminal area for instruction. Students

had their sessions individually with the expenmenter sitting beside-them
ratothe terminal. . A

.
- N '

The experimenter as@sed the student's performance and chose

~

the next instructional objective, "since these features had not yet been pro-
grammed. Interactions with the students were limited to casual conversa-
‘tiqn, instructions as to which objective to ask for {this occurred once or
twice a session), and, occasionally, questions concerning the student's-
rationale for ar;y particularly in‘teresting behavior. Anecdotal records of
_the’ student"s sohcxted hnd unsohclted verbalizations were taken by the

expenmenter ea.ch time they occyrred. These records supplemented the

ot

£ e
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. co te history of every inferaction between the student and the program,

’ whx.ch was taken by the program. g , ’
A] » % - .

B . In this sta.ge of formative evalvation, we sought ans¥ers to thé fol-
S+ lowing questions: - ’ ", .

. . . - . ,

(a) Could students learn to respond quickly ang. effic:ently in the

v . ‘. format required by the program° o
PR -, P B .

(b) 7Could students, solve a greater variety:-of problems after the
/ . i mstruct:gml period than before? C

o - {c} Did the hypothesized hierarchical relat:onsh:p hold true for
the students studied?

. [}
(d) Did students enjoy and value the experience of wdrking on

\"‘gprogram?_ o,
‘ ,Obviously, this ligt does not exhaust the questions we interd to '

. answer concerning the program. Because of the time and programming
(hmitations, however, we were forced to delay the evaluation of the extex;t
to which the program accomplishes its problem solving goals, the effec-
tiveness of edch component instructional strategy and program feature,

the empirical validity of the array, and many more. The remainder of

this section presents data that prov;des tentative answers to the four ques-

tions stated above.

Students were able to 'ma.eter a set of number sentences and simple

mtroductory problems in 10 to 15 minutes during the first seeeion. These ,

problems were heavily supplemented by instruction from the exper:menter.

After this introduction, no additional instruction was given in the response
“format., The students made few errors in inputting commands durmg sub-

N sequent sessions. ’I‘hus, students were able to learn the response format

quickly, easily, and effectively, The ease with which students ma.stered

the cornmand format contrasts with the earlier experience of Loftus (1970)

23
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with a con;puter-bas,e'd word -problem test. In her work, students took

four to eight weeks to master the response format. The Loftus work is

described in the design document for the Word Problem Program {Roman

& Laudato, 1974), and the changes we made to improve the response for-

. mat are detailed there. N o
3 N

To answer the second and third questions posed above, we can make

use of the pre- and posttest data collected by the program. 'Fxgure 2

graphically depicts the ten cells of the array which were sampled for the

v tests.’ -

.

4
. .,
. Direct Layer lnduec{/l.‘:yer

2 4 -
- 1-2 substitution steps 1 2 3 13]1 .

3 substitution steps 8 17 19

4.5 substitution steps 10 24

S

Figure 2. Cells of the array sampled in the pretest. ’

The results' of the pretest,,iﬁst;uctional sessions, and posttest are
summarized in Figure 3 for all five students. Each rectangle re’pre sents
a layer of the array, the direct layer is pictured below the indirect layer.
A solid black box within a rectangle represents mastery of tt problem or
objective; an "X" rqpresent‘s nonmastery, and a blank means that the
problem or objective was not tried. This Jatter case occurred only once.
Student One's performance on the first six problems in the pretest was so

poor that, to avoid alienating him, the session was terminated.

™
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The set of rectz.mgles labeled "Instruction’ depicts the status of the
array for each student at the end of the ifistructional period. An'"X" ina
box of one of these arrays indicates that the student worked one or more
times on that objective but failed to meet the ma'.stery criterion. It should
also be noted that a single solid black box f'rfa.y represent several instruc\-
tional sessions during which the student attempted to maste;' the objective.
The grapl;s depict a positive change in the_students' problcm solving behav- *
ior as'measured al(‘)ng. the dimensions uf the array. While such a small
sample cannot definitively prove the program Workszithese results are

encouraging. . . .t . £

In all cases but that of Student Two, the posttest performance was g
superior t? the pretest performa‘nce. Student Three made an error ona
problem (from cell 2) on the posttest that she answered correctly on the
pretest. A'I'his is even more *mgsual gi.ven that, from her instrugtional

array, she had mastered objectives which have, as prerequizites, all of -

the skills needed to solve that particula; problem. Of the 11 problems *

from cell 2 ﬂ;at Student Three saw during instruction, 10 were performed ) N
errorlessly. The student clearly sh&xlxld have been able to solve the prob-
lem on the posttest. There were three other disparitie; between the post-
test data and the data from the i;xs‘tructional sessions. In these cases, the

séude‘nt demonstrated mastery of a particular cell, but anaswered the post-

test problem from that cell incorrectly.

’ A dramatic increase in performance was demonstrated by Student
One, a fifth-grade student who experienced difficulty on the pretest and
in the first few instructional sets. By the end of the instructional period,

. the student's performance was equal to the entry level of the other students.

A recarrangement of the pre- and posét\est data will help in answering
the third question concerning the hierarchical relationships between cells
of the array. Figure 4 depicts the results on 6oth tests for all students

Cin ten 2 x 5 rectangles--one for each problem‘from the test. Each » .
ot ¥
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rectangle also contains two columns. The first represents the pretest score

.and the second £he posttest score. As above, a solid black box represents

a correct answer on the problem, an X' represents an incorrec;t answer, .

and a blank indicc ‘28 that the student did'not yeceive that problem on the T
tést. ’ * ‘
l The re::tangles (problems) are connected by lines to illustrate the

r relationships t;etween problems. One can consider each problem as repre-
senting the i;mtrur:tiona'l objective as sach. The studeént should be able to

solve problems rrequiring, the information processing skills stipulated by
,thle'problcm's position in the array. 'I/'}.)e figure is constructed using the
'hierar‘chical relationships between obj;ctives {n the array. Thus, prob-

lems that lie below 2 given problem are prerequisite to it. They are not

. always the only prerequisites, however, and thus the figurz does not repre-

l
[; . senta conventional learning hierazchy.
For the given set of data, the hypothesized prerequisite relation-
' ships are validated if the following condition holds tru:a. fa pa.,rticula.‘r
problem hks_ been mastered, then all problems beneath it in the figure
should have been mastered, or equivalently, 1'f a given problem‘was not
mz(stered, then no px"oble'ms above it in the figure should have been mas.

tered. The rectangles contain data for ten different cases, that is, a pre-

».;'md a posttest for each of the five students. Thus, Figure 4 represents
b ten different t&sté"gf the validity of the rel.}tiunships between problems.
Of the ten cases, nine perfectly meet t}:é conditiofi stipulated above. The
» exception is Student Three's posttest performance on problem 2, which®
. was discussed previously. Even if this exception could not be re}tio;zalized,

the results would still be convincilhgly positive. . .

In order to answer the fof:\rth question, data was collected informally
throughout the tryout ps od. The students' attitudes and motivations were
noted during each session, and each comment the students made' with
respect to the program was'recorded., The attitudinal and behavioral

.
- . '
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data will be reported first, followed by discussion of the comments of each

individual:stuQent. . .

wik . Of the 62 sessions for the five students, there were seven (11%)
A during which the student behavioi‘ fell to simply being willing to receive;

during 45 sessions (73%), the students were willing to respond,; and in the ~

-

remaining ten sessions (13%). the stud»nts exhibited satisfactmn in response.
.
The next paragraphs make the behawors exhibited more precise.

3

In sessions that were judged’as w‘flypg to recei\;e, the students were’
either mattentwe, not task onented or behaved indifferently towards the
program. When talled upon to come to the session, they came reluctantly

kN

or slowly. . 5]

. ! - «
. In sessions judged as willing to respond, «the students came early for

their work, waited 1mpatiently for the previous-student to finish, or left
.their previous task Q\JICkly. Studente attendqd to the display carefully.

Conversation dealing with topics other than the progra.r'n was minimal and

u'sually limited to the beginning and end of the session. The stu‘dents gen-

erally smiled and appeared relaxed and happy with the work.

tu

In the sessions judged as satisfaction in responding, the stucients
wére even more positive. The-y hurriec.uy and excitedly came to the ses-
séoﬁ. 'I:hey smiled, laughéd, and joked a‘good deal during the session,
but were attentive to the task. They often read the problems aloud with
enthusiasm and laughed at the occasional rhyming problemx; or those with
ma.ny or Jarge numbers. . They were obviously enjoying themgelves greatly.

Most pfotested when told the session was ovor. .

.N 1

The anecdotal data, was also largely positive. This data will be
& examined here student by student. Student One's reactions were mjxed.
During the introductory set of problems he exclaimed, "This is neati"
On the second day, he came running out of his clasaroom to the terminal

center and shouted, "l've been waiting 5or'this day!' -

29 .
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,Between the second and third session, Student One Worked on the
program by himself apparently in his free time. This behavior Jras dis-
couraged but indicates his interest and enthus!hsm. On later occasions,
he complamed about both indirect problems and mu1t1 step problems. "1
don't like the ones hi\e that' and "I don't like these problems.' During
the ninth session, he refused to work on any multi-step problems--'just
for today.” He also complained that his work on the Word Problem Pro—
gram mterfcred with bis requxred school work--"I'm not getting my work
done'--and even mxssed one session in an attempt to make up classroom

work, after a one-week absence due to illness, However, he also com-
e b ]

plained in session ‘threeewhe’n the experimenter missed a day, and in ges-
sion four, he .pleaded for an extra session to make up for the one the experi-
mente‘r missed. He suggested we have the m"ake—up session at lunch time ‘
or after school. Twice he indicated that he preferred to work on the intro-
d'uctory set and the numbér sentence problems, "They're O. K. 11liked the
other ones better' and "Now can we do number s;entences? " Fmally,‘ir;

one ins.tance, he refused to terminate the session by typing "STOP".
Instead, heé quickly .pressed REi‘URN to get a new problem before the
experimenter could intervene., Although Student One was the only student .
to offer negative comments, he made tl;e greatest gain in posttest,pe};‘

formance.

¢
{

*Student Two's comments cannot be taken literally. ‘The smile on
her face and the laugh in her voice indicate her true feelings-more than
the words she used. In one instance, she laughingly stated, ”T}us com-
puter’s wacky' and repeated her message to several passing students.
She indicated her pleasure in solving problems with large numbers on
several occasions and twice demanded, "I‘want big numbers.' She also
jokingly responded to a series of several problems which contained many

numbers with, ""Ooh, I hate tl\xese kind. " ) .
v .

A 4
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experimenter, arrived at her homezoom for the fourth session, he found

> B ~

Student Three, alt‘hough -she read virtually every problem aloud i ?
(perfectly a.nd rapidly), did not offer many sponwncous commentg. One

anecdote reveals her strong feelings towards the progra.m. When the

a party in progress. Class had been cancelled and the students were play-
ing games and eating candy. When she saw the experimenter, she imme-
diately prepared to leave for the session. Her teacher interrupted and told
her that she did not have to go on the computer toda.y, the experimenter
agreed, indicating that they could make 1t up another day. She insisted,

hotvever, that she wanted to-have the session and would return to the party

-~

© . .

Student Four seemed to enjoy the program more than anyone else.

afterwards.

On several occb.sions,‘ she verbally indicated her enjoyment of both rhyme
problems and multi-atep problems. On.two occasions, she smiled and
commented--"Ch, ﬁ::te these kind''- -in reference to more difficult prob,
lems. ,Qﬂnce she objected when told the session was over and prolonged it
an extr.; 15 rminates to almost 40 minutes--the longest session in thé experi-
ment, I P

Student Five also was positive about the program. Like Student One,
he insisted that we make up for the lost day at lunch tirne. One conversa-
tion in particular, however,- ill'ustrates his feelings toward the program.

Betwegn prob‘lems in the fourth session, he aske:i the experimenter, '"Did

you like school when you wc;re a little kid? ' The experimenter responded,

"Sometimes, ' and Student Five exclaime‘d, ""Me, never--but I like this. I
10 . 3
reallydike this!"

In summary, 'all students seemed to respond to the program at a level
which s at least equivalent to Krathwohl's ""Acquiesence in Responding"
(Krathwohl, Bloo‘m & Masia, 1964), The student is active in responding.
but passive in the initiations of behavior. There are many instances of

"Willingness to Respond'': The student chooses to engage.in activities

- )
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within.the pr-ogram and in problem solving. Theresare some instances of

"Satisfaction in Response'. The student demonstrates "a feeling of satis-
faction, an emot:onal response, generally of pleasure, zest, or enjoyment"
(Krathwohl et al., 1964, p. 130) i
- © L . ‘ ” " ‘ ]
. Conclusions .
The results of the pilpt ‘test provided useful feedback for the redesign

“and refinement of severel program components. Positive results were
attained fqr each of the four questions as.«ed at th:s stage of formative
evaluation. A more detailed study is currently underwa.y wh:ch seeks to
answer other Questlons in a more rigorous fashion. Thxs study involves

28 students wor.kmg on a vers.on of the program requxnng no intervention

.
|

,by the expenmenters. ,

' By far, the most intriguing‘ product of our work on the program is
the algorithm and array. The solution al,,onthm represents a methodology
for performing a rigorous c.omponent analysxs of COmplex cogntitive tasks.
;I“hm allows the precise specificatioy of learnmg objectives and the pre-
requisite relations between ther;l. The obJectw\e array represents a method-
ology for orgamzmg the data from a component,analy s1s and for making
sequencing dec:s:on’s which fac.litate a hxgh degree of individualization.

We believe that these methodologies are genﬁrahzable to other situations
involving complex cognitive tasks, We are bégmning to investigate such

an application to the design of a curriculum to teach c:o;npetegcy in soiving
series. ‘This investigation and other studies should provide data to assess

the true significance of the methodclogies.
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