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A CAI Program to-Teach Dex; ‘ : )
Children Howvw to Use a Ruler: ’ 4
. A Study in Instructional Design

G. Keafsley,:D. Squires & B:'Kingl ﬁzf/ ,
A very strong'case'can'te-lade: for th;\kuse of Coaputer
Assisted 1Instruction (CAI) with pstudentS wvho have learning

" disabilities due to deafness, blindness, physical handicaps or

eaotional disturbances. One -good reason {is that CAI allows
individualized instruction. Thag, students can progress at theik
ovn rate and not be frustrated By instruction ‘vhich is either

~ too. easy or too difficult for them. Purthermore, a CAI progran

can deliver instruction which "is ‘adapted to the particular

- abilitiessaptitudes of the student. In the case of the ‘learning

disabled, #his is particularly crucial. While a normal student
can compensate for the lack.of one ability by means of another,
disabled students are wusually 1limitdd in their ¢ range® of
abilities. Thus individualjzed ibstructior whjch capitdlizes
upon their strengths and compensates for their _veaknesses is
much more likely to’result in successful learning.

, A second important feature of CAI is its interactive
nature. -Because student must continously respond to questionms
and hence actively participate in the instruction, iidterest,
motivation, and aitention are sajintained. Furthermore, immediate
feedback and reinforcesent ngt drly maintain interest but they
also ensure that the student will'discover what is correct and
incorrect. 1f, proper shaping is used” in conjunction with
positive feedback, the student ean very ‘quickly build up
confidence in the task. Since students with disabilities ‘often
have , low self-esteem or lack self-confide¢nce, this is very

‘important.

L} - »
The capability to individualize ‘instruction and provide -
immediate feedback encourages the student to learn. In additlonm,
CAI 'programs are typi aily very carefully designed and tpeﬂ'
systematically tested aﬁg efined. Furthermore, because CAI  cam
provide a sophisticated (and unobtrusive) monitoring of student
performance, .the teacher is able to follow the progress of ,the:
student to a much finer degree -than 4is possible{ in any

In thi,case of the learning disabled, effective instruction is a
aust for they silgly.cannot afford the consequences of poor
instruction: . '

%

' Because Of ¢the-* alount‘/Pf work which 1is 4involved irnm
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1. We wbuld 1like to; acknowledge the help of pavid Baine,
Department of Educational Psychology, University of Alberta for,
.his help in the task analysiaﬁstag: oguthd“project. : '
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' conventional classroom setting. All of these facto taken .
‘ together wean that CAIl can provide very effective instruction.




. Butler, 1970).-

~is giver by<Pletcher & Suppes (1976) .

Ly ' ‘

;prodgcing CAX p;bgfals,'theif development ‘costs ténd to be high.

However, such develorment costs can be distributed actoss the
number of 6 studqnts and ,years which a program can be used. More

- importantly, the agyual cperating costs, relative -to, the high

costs of specially trained teachers, are quite favorable. This,
vhile CAI is still too expensive to use in regular classroozs?,,
in the case of speciall\education, thé'costs -are actually often
less$ than-cqnventional mdans (see for example, Jamison, Suppes &

J . . / A

¥

/

%

/ ;

'Ge Despite these congefiing facts, CAI - has non/ been
exBen

sively used to date with disabled students.® an eiéeption
to this is the large-scale Stanford. University project for
hearing disabled students. The project centered wmainly around
schools for the deaf. ‘in Texas but also included schools in
California, Florida, Maryland, and Washington, D.C. Curriculua

'

focused ' upon elementary matheamatics and language arts althdugh °

other subjects (e.g.,' lcgf{c, pfogramming) were tried out.:
Thousands of deaf students of all ages recieved CAI instruction,
Not only did they generally prefer CAI over conventional
methods, but uei} designed studies showed impressive gain scores
due 'to the programs. In addition, the evaluatiop data stroagly
'showed that the cognitive performance of deaf thildren was as
good as normal-hearing children when tasks did not directly
involve verbal -skills. A good overview of the Stanford project

»

teach deaf students how to use a raler. The us of the
discussion is upon ‘the instructional design of the prbgram. This
includes the detdils of the task analysis, the instructional
strategies, and the stages in the'ilzgelgntation and evaluation

. The present report descrikes a CAl, érograiw degigned to

of the program. It is hoped that this dischnssion will help: to
illustrate the sophistication which can be achieved using CAl

and convey the potential .that it Has for the education of

disabled students. i

Task jna

y  The overall gcal of the’progfam is’lto teach students how to
use “a ruler as a_ necessar skill tequired in draftipg and
graphic apts. The program yas ended for uservith students in
a vocational programmé, The s o{fic,tgrlinal objective for gpe

s

v

2..This situatioa is ,changing rapjdly as the costs of computer
hardvare and telecommunication continue tc drop dramatically
each year. Thus, it “is very likely that cosputers in  the
classrooas will be ccmmonpl &e,in the next decade. ,

3. - Cost 4is certainly pajor factor here but an equally

/
a
important obstacle is the chk of .avareness on the the part of
-those -involved in special education aboyt the capabilities and
potential of CAI for teacking the disabled. ' C
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~ tRules up dimensioned : .
3 - - form 'according to -
T specified dimension \ x
given s . -
14 ’ v .
p. (\\
| ' L,
. Identify .//' Draws ' .
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R Lines 13 Lines .,
12 .
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Identify Draws .
Fyactiona) ¥hole Inch
Lengths Lengths
9 ' N 7
L Identity ‘|pravs
Longest & Straight *
Shortest Lines - P
S

8 | Lines |
]éentify

Whole Inch
Lengths

4

Identify’
Straight
Lines

7

Idehtifies
Position

‘on Namber
3 Line

‘Counts
Lines

Idont1t1e7

Order of
Numbers
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. TABLE 1 .
. Instructional Objectives. . - ‘
< G .
v ' =
/ .
\ —
CONDITIONS PERFORUANCE CRITERIA
- s
\ A}

Each dot constitutes one triael.

1. Given s series of dots numbered Using light pen, points - tq the
from 0 to 16 on the screen dots in successive order No sore than 3 errors for all
- 16 trials .
° 2 Given e saries of vertical bars Counts the number of bars and V/$ Correct
Ia sets of 1 to 16 on the' screen types in the snswer . R
3. Given the numbers from 0 to 16 Using the lightpen, polints to 10713 Correct
In random order and a linear the correct position on the
scale with 12 equally spaced nunbered scale .
numbered |ntervals on the screen - -
A, Showi s series of straight and Using the lightpen, points to A/S Correct -
curved lines In pairs with the the straight line In each pailr
dlscrimination becoming more ¢
difficuit for each peir _ i N
S. Glven iilustrations of the Oraws stralght lines between 7/8 Correct
-Jorract way to hold and position indicated crosses (x) on paper
the ruler, pencil, and paper, .
+ond wsing & pencii and ruler . .
6. Given display of standard ruler Using lightpen, polnts to the A/S Correct
on the screen v whole inch merks
7. Glven instruction on the screen Draws lines of whole Inct.’ LY/3 urmot
about how to draw measured Tine lengths elways stasting st .
lengths and pencil and ruler . the 0 merk . B T
?, 8. Given & series of line segments Using lightpen, points to the Yt éormt
of different lengths on the shortest and longeyt line , R
i sereen segments N .
9. GCiven instrpftion on flinding Ysing lightpen, points to il 100X mestery. °
2, 1/h, W8 and 1/16 merks fractional merks Nust be with 3796
on ruler and enlorged 1 inch ¢
portion of ruleg;on screen -
-
10. Glver instruction sbout | Using lightpen, points to V/5 Correct
cosbining wholg. and fractional 4 correct merk .
marks and display 6f full . M
ruler . ) .
1. Glven tuler and panci) and Oravs lines of mined - 13/16 trlels correct
directions on screen N fractionel lengths with 1/16" acewrsey
12. Given & series of parellel M Indicates (by typing yes /s Correct
ond non-paghliel ilnes in or no) whethar palrs of i
. pairs and Jnatructions on lines are pare! el
the scriben - -
13: Glveh Inst » Draws parsllel lines » ] WA Correce with /18"
to draw parellel lines vis specified distance apart ‘ scewreey .
1tvstretions and penci|, 1 . - : ~ '
ruler and r . R .
-4, ‘Slven Instrictions on the - - N draws o dimens d form " Gach tine Is | trisl,
screen,- o -dimensioned fketch, occording to sppcifications ;;;- u'n:hu of 8 l:l:o
. ond pancil, papar, and relar - ’  trials correet w
’ ! Vl‘"(nunq
. ’ [ .
ﬂ. - ! +
, \ \} Lo
’ ’ . - * -
. U A i zZ / ' >
Y . . P
- b - -
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. program was that the ;gkdents wvould be. able t3. rule up a k
dimensioned fcrm according to given specifications. . . ' :i
1 ¢ ~ ' ’ - = P
\' . ' The major objectives "in the btogtai are showvn in Figure .1.. -

- As the Figure ehows, the program involwes the bleidding of a set.

' © of cognitive skills wuith psychomotor skills. The cognitive -
. 'skills involve the discrimination -of line' lengths, .relative
. spatial ' positions of the marks on the ruler, learning the
concepts of straight and parallel lines, and the rules

associated with learning which fractions correspond to which

\$§pecific marks.. Thus, in terms of a taxonomic analysis, the 4

cognitive compoénents involve the skills of discrimination,

-concepts, and rules. The psychomotor skills required are those

involved im holdfng the ruler and pencil, drawing straight

1ineey~and;d§auing lines an exact length. .

& /
A detailed description’ of the task_-objectives in the ]
sequence taught .is given in Table 1. The first objective was e
- designed as a-connect-the-dot game. The student was pregsented
wvith an arrday of nuabered dots and instructed to point the
dots in the correct sequential order (see Pigure 2). This served ot
to determine fhat the student could count from 0 to 16 in order
and also had the necessary manual dexterity to hold and use a
pencil accurately. The game . format created a high 1level of
R . interest and motivation t¥owards the progranm. )
The second’ objective involved the presentatiom of varying
numbers of vertical bars that the student vas requested to
- : count. This established that the student would be able to count -
the number of marks which denoted a particular fractional unmit
(€<ge.y 3/4, 9/16, etc.). The shaping in this objective involved
presenting the bars wide apart to begin with and gradually
making then <closer together so that the final discriasination
. matched the actual discrisination required on a ruler. The third.
x objective involved presenting the studen* with. a number line
vith 0 to 12 marked on it and asking the student to identify the
position of all ‘the numbers. (in a randca order). The purpose of
this exercise was to shape the student "up to recognizing the
vhole wunits on. the ruler without the complications of the
{ fractional units.

The next objective involved learning’ to distinquish between

a straight and non-straight 1line. *he shaping here 4involved
starting with a ‘discrimination ‘between very curved .or wobbly

. lines and progressing to a finer discrimination’ between almost
straight (but pot quite) lines. Having mastered thé concept of a
straight line, the student vas then asked te drav some straight
lines. The next.objective presented the student with a ruler and
asked for the ideptification of all the unit marks on the ruler

L. Y (in a-random order). After mastering this, the student wvas en ,
asked tﬂ draw lines of various unit lengths and hence comfine
the skills mastered in the previous objectives. 3

The next objective 'ptegenéitfhe student with a number of . °

o

Q '.‘. ’ 7 -
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line segments of different 1lengths and asks the student to
identify .the, longest and shortest lines. This is a necessary
- skill in order to be able tb distinquish the different
fractional mar from each other. The next objective is to °
actually teach-all of the fracticnal markg in an inch. The
instructional strategy' used for this is described in detail in
the next  section. . Having mastered the identification . of
fractional units, the next objective involved having the student
drav l4ines of nmixed ‘(unit and fractional) lengths using. the
ruler. e v . Mt

’ . ‘ . .

Thé next objective involved teaching the student the
concept of parallel 1lines fcllewed by drawing various, sets of
parallel linfes. This stef is necessary in order to build the
subskill fqi the final, objective which involves drawing up a
dimensioned Iform. (consisting. cf many parallel colusns and rowsj
according to specified dimensions. . . . '

The program was designed so that each objective must E@
mastered before. the next cbjective could be undertaken. The
criterion was ‘gemerally 80% correct except for the objective
dealing with the fractional marks in which -100% -mastery : was
réquired. The reascning for the: setting of these criterion
levels was that in a typical test of 5 gquestions, it is -
reasonablé€ to ‘expect the student ‘to make one @mistake due to
carelessness but that 2 cr more errors may in&ﬁbate lack of
comprehension or ‘complete learning. The 100% standard for the.
fractional units was set because this subskill must be pefected
to accurately use: a .ruler. The criteria for the psychomotor
objectives involved drawing lines that were straight and within
‘1/16" accuracy. . , ’

. < With respect to the performance component of the
ohjéctives, for most of the cogpitive objectives, identification
of the correct answver was felt to be appropriate.;, Thus, being
able to identify the correet position on the ruler'is the actual
nature of the skill tequired for the task and other respg;se
modes (telling, writing, etc.) were inappropriate. Obviously,
the-most appropridte behavior for the psychomotor. objectives was.

drawving. \ s

The pre-entry skills required are detersined. by ® the
particular strategy which vas adopted (déscribed in the next
section). The tvwo critical pre-entry skills required were:

1. the ability to rationally count from 0 to 16

2. the ability to distinguish line lengthse
In addition, it was also assumed that.students would be able to
read at Grade 2 level or above and be physically coordinated °
enodgh to hold and use a pencil, rulér and the cosputer terainal
key rd/lightpen. ) ’

Instructiopal Logic & strategies .

]

In andlyzing the task, am atteapt was fldq tQ restrict the’
/ L - \\’-

v ‘ -9
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objectives to 0n1>\those .which vere absaqlutely .necessary to °
achieve the specified terainal objective. Furthermore, in order
o . to minimize the'learning demands of the task, a strategy was
y " squght wvhich would involve the simplest types of learning
’ possible. With this in mind, it vas decided to use a strategy- '
vhich would not require the learning of fractions or_/an
. understanding of spatial distance. The strategy.zeflected in the
task analysis just described ‘involves learning how to use a’
ruler on the 'basis of the length and position of the marks.
Thus, the student is taught to associate the  denominator of a
fractional. unit with the %;ngth or size of the appropriate mark
and the numerator with the kosition of the mark from the pearest
. whole inch mark. Using this strategy, the basic cognitive skills
\ " needed are \the ability to discriminate 1line lengths and the'
- ability to\ count -- both of which were considered to be .pre-

! entry skills™Qf the students. This  imstructional tactic nmeans
that it is ot ece’ssary to . tdach the student fractions or
spatial partitionihg of area which are higher crder concepts and
principles. . ‘

Following this strategy, the student is first introduced to’
the sixteenth marks and is taught to count every amark starting
~ with the 1/16 mark in order to find the correct 16th mark. Thus,
' to find the 9/16 mark, the student is told to count 9 marks fronm
the first 16th mark. To find 8th mapks, the student must learn
- to count all the marks as 1lgng as or longer than the 8th marks.
So to find the 5/8 mark, it is nécessary to count the 1/8, 1,4,
3/8, 1/2, and '5/8 marks and ncne of the 16th ‘marks. The 1/48 and
- \1/2 marks vere also taught this way (althowgh they can simply be .
neIorized). Some ‘'screen displays for. teaching the 1/8th mark
using the counting strategy are shown in FPigure 3. ’ .
. ‘ . ' - .

. : - Becalise there was some dd!!; thay this strategy would work,
a complete sequence for teachi the fractipnal units on the
basis of spatial proportions was |pr grammed as remedial
‘instruction. This sequence would be given if the student failed

criterion on the findl post-test for the objective on fragtional

units and also had failed criterion on |the podt-tests for each

"individual unit. It involved showing a rectangle partitioned

ihto parts and associating the fractiohs vith the appropriate

"number Of parts shaded in. Following this} the nlarged inch vas

. shown (same size as the rectanyle) and ‘\the ractional marks

B shewn to divide the d4nch into thé approjiriatae :nlbe: of parts.
- .~ Screen displays illdstrating this strategy for the 1/8th nmarks
” are shown in TFigure 4. In contrast Yo the first strategy
described adbove which started with the 1/1 sark ‘and worked up
to the 1/2 mark,. this strategy start4d with the 1/2 mark"

Adividing the inch Jnto 2° parts) "and prodressed to -‘the 1/16

.mark. Although both strategies started wilth the simplest unit,

. this qgs different depending uron whether the strabegy ‘involved

c

the "caunting" strategy or the "spatial® stfategy. ,
- The general‘ instructional fogic. used “in the prograam is
- depicted in Figyre 5. At the beginning of eath ebjective to be
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A
taught,.instruction is presented vhich e€xplains, de‘onstrates or_
illustrates the particular - skill or concept involved. A post-
test follows the instruction wvhich involves the.preaqntation of
) a ptoblen/question and an indication the desired .mode of
-vresifnse de.g., typing lan answver.via the key oard, pointing with

lightpen, or drawing using a ruler _apd pencil). The
student's response is thea evalyated. If the respogse is
correct, a positive feedback wessage will be given apd' another

. questipn is provided. When the student makes an initial mistake,/

he/she is " rrompted for .a second fry, I¥ the next respomse is -
still wrong, an error is recorded and the vorrect ahswer .is
;1ndicated ‘ato  the stddent. ; When all of the available
questions/probleas have been presented, a test is aade- to . see if
the student has achiéved the critez;zn for that’ objective. ‘If it
is met, the student goes ‘o next -objective.. If :the
criterion™ is not achieved,, remedial instruction is provided if”
available for that o6bjective or the teacher is called¢ for'
assistance. Thus the major rcle of the teacher in this progranm:
* is not ‘the .delivery. of instruction . but rather the task of
diagnosing student .probless and: pspviding remedial assistance on

an 1ndlvidua1‘bas1s. ) ‘ . ~
” \ ’ -

) - . The teaching logic for a specific objective: is“illustfkted

- l in Figure’ 6. This objective (10) reduires ,the . student to

identify mixed (whole and.fractional) unigts on the tuler. The
;. student has previously mastered identification .of whole and
fractional units separately and. now aust conbine these®tvo
skills. The  instruction for this objective involves showing that '
the same Set of fractional ugits is found betveen each set of
inch marks (i.e., every inch.'is divided into tha.sale fractional’
subdivisions), and that the vhole number ih a mixed length
indicates the inch mark in which a particular fractional unit ie
found (see Figure'7). This particular point is demonstrated by
pointing out different lengths on the ruler with the same
fractional unit ‘(e.g., 5 1/2, 7 172, 11 ' 1/2). The student.K is
then asked to point to a specified mark on the displayed ruler.ﬂ
Af the student points to the correct position (within 1Y/16
nch), a positive feedback message will be given and another
question presented. .If the student points to am ‘incorrect
position, he/she is init'ially told to try-'again, and if the next
response is incorrect, the correct position is shown. When five
questions have been presented, a test is made to see if the 80%
mastery criterion wvas achieved (4/5 question$ correct). If it
vas, the student goes on to the next objective otherwise teacher -

»

-

assistance is called for, and, the enti e objective is repeated “‘

vith the . teacher prese diagnose and cofrect -
aisunderstandipgs. If a renediqfrsequence was available for this
objective, .it would have been presented instead of chlling for-
the teacher. .

number of ‘other features were used in the oprogr4s. In general
the teaching of concepte. (e.g., straight &t parallel line) used

the logic of presenting positive and negative 1nstances and
. , [

In. addition to the general instructional 12g1c ontlineh. a

~ - 14
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eaphasizing t be . discrilinaqing/i&relevant‘ at;riﬁétes.
Directional afrows were used thrcughout the' program as”™
attentional cues .or prcapts to direct attention to aspects of
the ruler or the positicn of matks. All student response was -~
* promapted. via capital leqters,(e.g.. TYIPE dr POINT).

The rate of progré!é ;thrdhgh the progsam is set by the
4tudent as hesshe controls the presentation of ch successive
screen display via the space,ftar on the keyboard., The segquence
of presentation fcllows the organization cf objectives given, in
Table 1 although a branching feature alloved the teacher to
manually override the default sequence in order to skip  an
objective or review an-earlier.one. .

.+ v Isplementing & Iesting the Prodras

S -] . .

The program was written in COURSEWRITER II and ilpfhneq;ed
on the 1BM 1500 Instructional System operated by the Division of
Educational Research Services at the University of Alberta. The
1500 system has 20 student terminals' each consisting of a
keyboard and 'CRT (€athode Ray Tuke) screen, an image projector,

'7 and an audio wunit. Each terminal alse is equipped vith a
lightpen which allows the student to respond *o questions by
poin‘ing to things on the CR? screen.®
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! , In writing the; program, a number of instructional ‘design
considerations were itaken into account. Any sequence which could
be conveyed via an illustration or animation wvas done visually

' J;ather than verbally. Thus the frogram as* a vwhole vas highl
visual te capitalize on the capabilities of deaf stydents.
fscreen displays verp kept as simple as possible, usually vwith
only one idea being expressed in each display. A ,great deal of
effort was expended to use the' most €lemenfyary level of

N . vocabulary and simplest Sentence construction ossible in the
verbal material. In particular, slang terms \and 'phrases were
avoided. The  use gf arrovs as attentional cues or froapts was
mentioned in the previous section. These arrovs were mainly used,,

- to point out the fpositions of marks onm the.ruler, but also +to
drav the students' attention €0 important features or changes in
the instruction. 1In- addition, technigues such as enlargement,-
flashing, wunderlining, and delayed cr paused display were
employed occasionally. The feedback messages wvere stereotyped
(usually either Prigﬁt" OI "wrong”) rather than the usual varied
type of feedback messages used with normal. students. Almost ‘all
responses required in the program wvere done “via pointing to
something with the l{ghtpen (rather than typing in answers via
the keyboard). This is a <cimpler response mode and also was
appropriate for the type of ‘'learning specified in .the task
analyesis. . : : ) .
Thé ' initial versions of the program vere tested. by two

different groups: 8 deaf students aged 11-13 at a.junior level,

and 6 Grade 2 students with normal hearing, aged 7-8. Six of the °

.8 deaf students completed the program vith completion times
ranging frcm 2 hours, 35 amihutes to five houfg. MNome of the

~ norsal children completed the program. Although they were able
to read and. understand the instructions, they were unable to
master the ‘fractional units. While they could understand each

fractional unit by itself, they could not remember two or smore .

together. Thus, it was -concluded that the.reasoning skills -~
demanded by the program were beyond the typical ability of
ndyzgl children at this age. '

-~

//A number of changes were made to the program on the basis
of the performance of these two groups. A standard terainal
intrcduction wvas too complicated for the deaf students and a

’ such simpler version was written. The instruction on fractiomal
units was modified so that the post-test for each unit would
review all of the previous units not just the most immediate one
taught. Thus, the test for the 1/8 marks also included the 1/16
marks .and the teg§t for the 1/4 marks included the 1/8 and 1/16

\ marks. Origipally, (only the final post-test for the entire unit
had tested all of {the marks at the same time. This modification
reflected a gap in the original task analysis, natety. the skill-
'of integrating or synthesizing each new fractional unit with the
preceding units. In fact, the results‘syggested that this was

, one of the crucial 'subskills in the entire task as indicated by

. the failure of the normal children to get beyond this step.
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» Another change to ‘the fractional .units involved the

“linclusion a "count vith me®™ frompt vhen the student failed ‘to

pick the \corkect mark im the counting strétegy. This involvgg
displaying the message "Count the marks: Aith .me"  and then
pointing to each Of the sucgessive marks vhit§ also showing the
'‘nunbers. This demonstrated the correct use

strategy and alloved them to  figure out ¥hat they had done
wrqng. Originally, an arrov would have pointed to the correct

mark and they would . have Leen tokd that their selection vag
“@rong". The original correcticn proébdure shQved them the right

answer but 4id not help theds discover 'what they had done

-
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of the countipg

The last objective was also modified. It was clear that the ~

step size from the objective cf drawing parallel lines-agd that
of drawing up a dimensioned. fors ‘was$ too large. Instéad of

asking the students ‘'to imsmediately,.dr up a page-size,

dimensicned fora,' they were -asked. to ‘d%aw a Aseries "} 4

dimensicned forms beginning with a simple box and working up to -

more coamplisated foras. Thus, more shaping was necessary in
order to achieve the final objective. 1Imn addition, it was
necessary to point out to the students that the final

dimensioned ' form would occupy the entire page. This was a ainor

tbut important) _aspect which had been overlooked in the original

task analysis. ,

In addition to the changes to the instructional content, a
major change was made to-the instructional logic. According to

* the original logic, if a student failed a post-test criterion

for an objective, a messade was displayed on the screen telling
the student to call for the teacher's help. The'. teacher would
watch as the studept wvent through e post-test again and
diagnose the problem. It was felt that a single time through
each unit provided insufficient practice and also necessitated
an excessive demand for teacher assistance. In view of this, the
logic vas changed so that when a student failed a post-test,
they would be branched back to the beginning of the post-test
again. JIf the student failed the post-test qn the third atteampt,

"then the message vas displayed and: teacher assistance calltd
e

for. The general effect of this 'change was to increase ¢t
amount of drill and practice the stude received in the
prograna. ; ‘ :

. #ith respect.to instructional strategies, it wvas found’that
most students had considerable difficulty. understanding ¢he

counting strategy when it came to the 1/8 marks and they had to .

learn the rule tc count all, the marks as long as or longer than
the 1/8 marks (but not the shorter nmarks). Using ¢this ‘Tule
apparently demanded /fcomsiderable reasoning ability and hencd
made the counting strategy much smore difficult than we had
expected (since it only involved the subskills of couating and
discriminating line size). The intPoduction of this -rule was

amplified and the student vas -asked to identify all the lines’

vhich vere as long as or longer than the 1/8 sarks. “Although
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these waodifications made the rule easier to learn ‘we.vere now
uncertain that the counting strategy vas easier ,to learn than
the spatial strategy. In order to check this, it vas deécided to
emapirically ccmpare the two strategies 4dn the test of _ the
program with the target students. . &

L 4

A further probiem which emerged in. the ‘test runs vas

ng}at' to the use of the light pen. It vas observed that wmany
S o} the

errors made by students wvere due to imprcper use of the
pen. This included holding it at an angle (and hence pointing to
something other than intemded) or pushing it, in vhen the systea’
wvasi't ready to accept input. This could be very frustrating to
the ‘students because they would be sure that they were ‘'correct
but get a "Wrong"™ message. A number of things were done to
reduce this ‘problem. Considerakle emphasis "was- placed in " the
introduction and in. error messages about holding the pen very
straight when pointing. Emphasis was als¢ plated, upon waiting
until the 1lightpen indicator (a small square in the corner of -
the screen) was shcwn befcore pushing on the pen. Some students
had trbublé seeing vhere they pointed the pen because it was at ,
their eye level and hence bIccked their field of wvision. To
correct this, the chairs were raised as high as they would go so
that the students would be high enough to loock down on their
hand as they pointed. Unfortunately, most of the ' displays
requiring- pointing were located dt, the top of the screen rather
than at the bottom (a difference of about.5-6 inches) and the

,aovement of these displays would have amounted to almost
rewriting the entire program. This problem with height is a good
.exanple of the type of unexpected problems which can be

encountered vhich- effect the instructional design yet have
nothing, to do with the content qr task.

Pield Testing of the Program

When these modifications were completed, the 'program vas
then tried out with the intended student group: 15 deaf students
(aged 12-15) from a vocational prograsme. Of these 15 students,
12 conpl@@ed the progras in the period of 3 _sessions ' one week
apart. Wie other 3 students vere in the last few objectives and
likely vould ‘havé completed the program given another sessiqQn.
The exact completion "times” as well as the total number of
correct.-responses are given in the first 2 colums of Table 2.

he range is frca 1 hour,, 23 minutes to 3 hours, 58 minutes with
mean completion time of 2 hours, 23 sinutes (for the 12
students vho finished). The pumber of correct responses ranged
from 104 to 294 reflecting the number of repetitions or remedial *
instruction involved. The remaining coluans in the Table give
the number of responses (correct or incorrect) made 1in each

‘cognitive objective t¢ achieve the criterion. This does'not.

include responses to guestions used in the actual 4instruction
(for rrompting or shaping purposes). A

One important thing to notice is that'uhild some students

_vwere consistently lower or higher in the nusber of Tresponses

) 20 h
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) TABLE 2
Summary of Student: Performance Data. !
/
A J
< Total Total

Completion S Correct ,

Total Responses/Objective

12

Student’ Time Responses 1 2 3 4 6. B 9 10

3 2:08 131 20 8 16 5 6 2 78 18 15

2" 8. R 50 6 14 5 5 2 276 5 8 °

3 1:34 105 17 7.1 20 5 2 28 5 . 5.
h' / 3:38 243 16 9 13 6 5 2 4711 30 8
-5 3:58 296 © 17 5 1k 5 5 2 256 23 30
6 r1:38 120 16 19 13 12 5 .6. 4o 5 14
7 M6 103 16 B 13 7 5 2 %5 5 6
: 8 2:40 146 3 713 5 5 2 8 38 13
9 . 3:19(mmc) 135 -~ 31 5 % 5 5 2.9 7 14
10 2:06 14 33 16 71312 5 2 55 n 5
7 1:23 b 727 7 15 6 s 2 25 5 -7
12 1:43 106 25 -8 14 & éi 2 W2 131
) 13 2:14 1@8 T3l 5i W 5.7 2 6866 15
1h- 2:30(n.c) .10 - 1R 5 1k 5 "6 -2 106 14 1
’ . }

- ’ -, e
j ) n.c. ind]{ates course not completed
- -

r
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. needed to reach a criterion, there wvere certain objectives which

gave ' some students trouble but not,otﬁers (e.g., student 3 and
objective 4, student 11 and objective 1, students 8. & 13- and
objective 10, etc.). This sEuggests that students differ in their

specific competencies on the subskills involved in the, task and -

hence qualitative analysis - and evaluation on each skill Jis
necessary.. %his data also shows that some subskills were
relatively easy for all students (e.g., .objectives 2,3,6,8)
vhile others involved. considerable individual variance (e.g.,

Qbjectives 1,9,10,12).- This sSuggests that certain subskills vere
pre-entry skills possessed by most or ail students at this level ~

(and possibly could be eliminated frca the progras) while others
vere skills nct mastered by sose of the students (and - hence
required in the progras). . . .

In ' order fq, gQaIuaté__the relative effectiveness of the
instructional strategies for tegching the fractiohal units, half

of the students vere randomly assigned to the counting ‘strategy -

(students 1-7) and the other half to the spatial‘'strategy
(students 8-14). Both groups of students received identical
‘instruction in units 1 ¢through 6. FPurthermore, both groups
received exactly the same post-tests for each fractional wunit
.({alvhough “they were in opposite order for the tvo strdtegies)
and the same post-test on the overall objective. If a . student
failed the . unit tests and. the final post-test using one
strategy, the alternative strategy vas tried. . - .
As the‘data’in Table 2 shows, the 7 students im the
counting strategy msade more errors in general than the 7
students who got the spatial strategy even though the nuaber of
errors in the fir 6, 0bjectives were about the same for the two
groups. In fact, there was noc significant difference between the
mean scores of the twc grcugps for the first 6 objectives, but
the means of "the tvo-grougps oh objective 9 (fractional unit

were significantly different (t=2.71; p<.05, 2-tailed). These
results appear to suggest that the spatial strategy is better,
although at - least - three of the students (3,6,7) who had the
counting strategy did quite well. Purthermore, it should be
noted that the sample sizes are quite small and may be affected
by violations of assumptions ‘(e.g., homogeneity of variance) . of
the t statistic. However, it seems reasonable on the basis of

these preliminary results ' to use the spatial rather.\than‘

counting strateg}aas the sain strategy. R
-
The performance data from this pilot test ipdicate that the

prograam provides efficient instruction. Hovevef, there are soae.

further modifications vhich are desirable. One of these iivolves °

putting the photcgraphic instruction for the psychomotor
objectives under computer ccntrol. This involves displaying the
Photographs as slides on the 1500 image projector and -displaying
corresponding instructions on the CRT screen. This will make the
psychcmotor instruction interactive and allov nmonitoring of
performance on these objectived as wvell as the cognitive

objectives. However,” the evaluation of- the psychomotor.

[y
4

P

Y 22 l"t



\

" objectives aust still be done by the teacher sincé there is-do

wvay to make this kind of evaluaticn on the CRT due to screen
curvature and the limited resolution of the lightpen (about 1/8
inch) . Other improvements -  ‘will. 'involve the use of .a ‘game
strategy (as used in the firs¥§ objective) in cther parts of the
program to increase attentien and interest. - Purther use , of
animated ' sequences would alsc help vith attention and interest,
Finally, the use of color (not available on the 1500 system but
dvailable on other CAI"systems| would increase the motivation of
the students and also be helpful instructionally (e.g., cteing).”

In addition tc teaching the students the intended final

" objective in a reasonably short amount of time, the progras

seems to have taught tvo more more general-learning skills to
thése students? The first of these is the necessity of reading
and following instructions. Students initially d4id not read the
instructions carefully (or at all) and would tty t6 guess what
they - vere required to do. When they did this, they would be
unable to achieve the criterion and would be returned to the
beginning of -the unit again. They quickly learned that thkey
could avoid this repetition ‘they read the instructions the
first tiWe and followed em exactly. The seccnd and related
skill learned was the need to be precise in their pointing
responses. Thus, if they did not point to the correct position
on the ruler, they were told to try again and be more careful in
pointing. They scon learned to be /very accurate im their
pointing respohses. This accuracy carried over to the

- psychomotor objectives which was highkly appropriate since this

vas demanded by the criterion. While it is uhknown vhether these

tvo learned skills transfered to other subjects or tasks the

studénts learned, it certainly seeas that these vere important;

by-products of -the program and using CAI. Thus, a greater diet .

of CAI programs might not cnly imfrove the specific skills they
are designed fot but contribute to.a greater general lefrning
ability. ) .

. . .l-,
r . -
The ‘preceding discussion has described the 4instructional

’dsﬁign aspects of'a CAI program specifically designed to teach
deaf students how te use a ruler. This involves three amajor’

instructional design components: (1) characteristics specific to
the nature of the task and the termimal objective (rulimg up a
thensiéned form), (2) those specific ‘to the particular

apacities of the student pcpulation (deaf students), and (3)
the characteristics due to the particular instructional logics,
strategies and medium (CAI).% All three of these coaponents have
'generality beyond. the ' specific program they were developed

,

b4 4

S. A general daiscussion of these three instructional design
characteristics in the context of CAI is givtn _in FKearsley
(1976) . , :

I4
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.. within, Thus, the task analysis ‘reveals the .bagic - subskills
» involved in wusing a rulér cr. measuring instrument and could be
~. U8ed for different student populations or instructional methods..

Furthermore, this analysis could be used as part .of a related
. task, e.g., teaching hov to ccnvert English 'linear méasurements °
to metric ones, or far a different teraminal _objective,  ‘e.q.,
. using a ruler in carpentry or dress-making.

/
!

in€luding logics and strategies, will also carry across the

particular student group and ,subject Matter involved in the

program. These include: e
*using feedback to shape the correct answvers
*use of arrq:i and capital letters as grcarts and cues

%/jihe* characteristics of tHe instructional lethodolbgy,’

N\

*use of game }ytrategies to increase attention/interest
*use of enlarged letters, flasQiﬁg, cr derlining for
.emphasis ' ' )
*use of.a 'student's name $o increase rap
Thus, techniques such as these can be earloyed for any subject
matter or task and student group,” although they will be nmost
important when the studernts are disadvantaged or the -task is
relatively complex/boring. . . / e o

4

. Finally, the characteristics of .the design related to the
particular. student population (the deaf) also have amore
generality than the specific program described herein. Thus, the
present wvork along with that of others (e.g., Brebner &

*Hallworth,- 1976; Sandals, 1975) using CAI to teach the
handicapped suggests; . ,
. )

*the use cf coficrete &xalples and minimal abstraction

*strategies which shape behavior rather than .those which-

are didactic .

*considerably more use of positive feedback than with

normal students . .

*feedback messages shculd be constant rather than variable

in nature ’ ' ‘

*screen displays should be .  simple and express only 1

idea/screen . ¢ :

*instruction should involve as much student participation-

as possible . g
these suggestions imdicate a further benefit of using CAI with
the handicapped, nakely, the emergence of a set of. prescriptions
about hovw to teach. Because these prescriptions have been stated
operationally in the fora of a“progran, they have relatively
precise referents and can be. reliably demonstrated. This has
rather _ important implications "to educational practice and
research. . ' Co

. . - .
In closing, it must ‘be eaphasized that the effectiveness of
CAI (and imstruction generally) will bp a function of how well
these three components of instructional design have been
accounted for. The fact that the ‘present program ianvolved 3
months of task analysis, about 100 hours of programaing tiame,

w
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- ; and the coabined phovledge of two experienced teachers. reflects
) / the-effort vhich Ment into the imstructional design. Thus, AI

™. itself possesse nc magic “which vill turn poor' teaching

n - good teaching. However, CAI does provide a medium vhich per its

individualized and interactive, instruction wvith monitoring of

resnlts and this tacxlitatg§ instructional design cOnsidera ly.
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