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ABSTRACT
The Production and Evaluation of

Self-Instructional Computer Courseware to Assist
the Teaching of the HWritten Alphabet

Nicholas Barker

The purpose of this Tbgéis—equivalent wdq to desidn a
self-instructional tool for the elementary school .classroom
in qrq%g to teach the writing of the lowercase alphabet.
Cqmputgr Ass;sféd Leatning (C.A.L.) was chosen as the medium
of instruction because it caﬁ combine.a”“dynamic"
presentation of the 1etter§1to the student and an instant
feedback format: Interaction between the computer and the
student was achieved through the use of a draphics tablet.
Sixteen learning disabled children,;ere tesﬁed ovd@ an eight
week period for their ability to write the alphabet to - .
. criterion. For two of the weeks, the children were exposed to
the computer courseware. It was found that ﬁhere wés a

significant decrease in the number of errors between the pre

and post—intervention periods. Despite possible threat to
learning due to some aspects of the program design, it was
concluded that this courseware Yas an appropriate -and

effective teaching tool in a normal élgssroom situation.,
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CHAPTER 1
LT "~ The Problenm .
The specific skill that was chosen to be're?ediated Qi;a‘
‘computer courseware was the writing of the‘ lower case
alphabet. Special Education teachers experience much
frustration ‘in th‘e tea@ching of this skill to éh‘ildren with
| learning’disabi‘.].iti.es or a mental hand igap” “B&.requires
_ ‘ . .

constar;t re‘b\e_tition on tlhe part of the stu&ent, which of *
course must be. vigilantly monitored by .the teacher to ensure
that it is the correct letter fgrplg_t_ion that is being
"NFeinfor‘ced. ka this monitoring process could be achieved
through a student-paced and self-instructional format, the
teacher wc}uld be able Eo use this time in more co})structivé
ways with his or her students. ,
Apart from the designing 'of such courseware, t_be
implemer')ta{:ion oi; Computer A'ssist!A Learning (CAL) in a
ciassroom situation is an additinal problem. Teacher
ac‘ceptance of ”éomputers in the cilassroomidoes not reflect the
enormous amount of\rsgmarch being conducfed in the field of
CAL. There seems to be three main reasons for th.is. First,
the fierce cc;mpetition between producérs of both gomputers o

and software and the attendant problems of non-compatibility;

second, teacher apprehension of not being able to manipulate
: \ er '

/

. el *

-
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the teoheolbgy; and third, teacher scepticism that computer
-programs can really assist in the teaching process.

Bec;nt research (Hedges, 1983; Morrissey, 1982) has'
pointed out that teachers have QOOd reason to be apprehen51ve
Fof computer technolodgy and to be critical of its actual use
in the classroom. Documentation for both hardware and
software operation can often be baffling and discoeraging.
This leads to a frustration on the part of the user and, .
espeoially fbr the initiate, an angry reJect1on of the

tqfhnology. Much of the current software has not lived up to

" its advertised effectiveness in normal classroom situations

and often requires that the teacher be present with the user

to read and interpret on-screen directions and to take
L'

decisions on the optlons presented
TblsiPhBSIS will concern itself with the two problems

outlined above: the remediation of handwriting skills using

' CAL and its practicel and effeqﬁive implementation as a tool

-l

in a normal classroom environment.

»
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' CHAPTER 2'
Beview of the Belated Literature .. o
5 ‘ . P

. There has been much concern in recent years abéut a
. L L ® N
possible drop in literacy skills of schogl-children and about

-

v \
-the teaching of these skills.ﬂ? the schools today. The

e O '
teaching of bquwriﬁing has not escaped this ori?}p&ln. For’
example, Peck (1980) emphasises that cdrrenﬁ'teéoh3n§ methods

do not seem to be s&tisfactory'considering the importance of

S——

these skills in our "literacy—conscious” society. Sassoon ° . —

(1983) states that “poor handwriting is having a serious

effect on the performance and sometimes the potential of

2

»

children of all ages." " - -

The most common instructional technique for this skill

" in recent years has been copyingd. Copyind consists of
<

-~

presenting the student Qiph‘a model, either on a blackboard

or in a work-book, and the student copies the imagg‘onto a
sp;ce on a sheet This procedure is repeated unt11 an
aceeptable copy of the model has been produced. A variation

of this Q?thod is faded tracing. Here: the model is prosented
as a seriés of dots (or‘ps—a brokpn‘liﬁe) in a work-book. The -
student connects the dots thus }6rming the letter. ‘This
exercise is repeated on a rote basis._érédually the QOts are

faded out and the*s%pdent is .draving the letter in a blank
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space. Much rpsearcE’has been directed towards finding the

more efficient: of thiese two methods but results have been

inconclusive (Peck, 1980). ‘ 2

mador problem connected with copying is’that the\x

studént cannot recel§e ;;n81stent and 1mmed1ate feedback for
each Qopy of the model. Charles (19%1) attempted to remediate
this situation by the use of overlays. The student copies the
model and then overlays the attempt with a corregt ‘ L
representatlon of the letter. This introduces the elqméht of *
feedback and also requires critical anaiysis on the part of )
the student. A definite increase in accurate letter
formation was reported‘usin; this method. l

However,.zveﬁ with this method, théée still appeared to

be liéple»generalisation of handwriting strokes to unfamiliar

2

letters. The letters wére still beind memorized as discrete

“chunks"” of information. Gibson (1972) notes that perceptual
learning pqhes a‘gregter problem than the actual motor skill

and this is why ‘letters similar in form are often the most

,difficult to learn. The letters "m" and "n" are examples of

this. : .
" Wright and Wright (1980) conducted a study in order to
Gest the hypothegis that learning the different segments that
make up the letters is more effective than memorising each

letter. They predicted that if a model depicting motion

o

.

[}



could be deveioped for individual studeete, the sensory
feedback would be an improvement over the use of the still
(overlay) model previously described. They devised a
; "fiip-ﬁook“ so that the letters ceaid be presented in‘ae
animated certoon style Thus the student viewed the
development of the letter, segmeﬁt by -egment as thé& book
was rapidly flipped through.- The studenE then put the book
doen and formed the letter on a shedt with the aid of a still
model. This'method feported significantly better results.
- However, correct manipulation of thb flipbook was a constant
problem ang the element of immediate feedback was sacrificed.
] Smlth and Murphy (1963) studled another important aspect
of handwrltlng that is often overlooked when discussing the

e

learning processes involved. They demonstrated that A

han&writing is not solely mediated by visual feedback. Their\

A

subjecfs were blind—folded before being asked to write and
"the researchers’ concluded that letter formation and accuracy

. were hardly affected by this adverse condition. It appeared
that handwrltlng concerns both visual and kinaesthetic

processes. N

N It can be concluded from the above research that the
L] '
follz&ing elements should be present when teaching this
handwriting skill: copying, immediate and accurate feedback,

critical analysis on the 'part of the stu&ent and a knowledge

L) ' Y
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of the various sedments that coﬁgine to greate different

lefte:s.

-

Handwriti Skill 1 CAL
There has been some research conducted in the use of CAL
Yor éhe,teeching of‘handwrit?ng skills. Lally (1981) designed
a system utilising ' a monitor that was tilted at an
appropriate wr1t1ng angle and a light pen attached to a K
computer. His subJects wrote directly on the screen with the
pen, followind a box-shaped cursor. The cursor left a
blinking trail whicb'changed to an unbroken track when
followed by the pen. If the subject\et:ayed too far from the
o

tre&} the b11nk1ng trail would stop until it was relocated by
W,

the pen. \
‘ This research combiues Phe elemeut of dot tracing with,

immediate and'accurate'feedback, supplied by the comeuter.

The research indicated that t;acing promotes accuracy inithe

patterns produced but requires little active decision- .

making about shapes and stroke sequences.

° Lally stated that the element of qu1ck and accurate

" feedback was of cruc;al importance in the favourable results

—achieved using this model. ?o'deliver'this feedback is

diffiocult in this situation as has been breyiously discussed

and yelly's study appears to indicate that significant

- L] ' \.p ,
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improvement can result from presenﬁing the student witﬁ
precise and detailea information yet without disgracting from
the task at hand.

The same inétruction model was used by MéCleod and

o

Proctor (1979). This research concerned the remediation of
‘signature-writing skills. Their strategy was to present a
guideline .on the monitor screen (with a blinking dot to =
ihdicafe where the subject spould start). As the guideline
was successfully tracked it turned iﬁto a solid line behind
the light pen, The model of the correcf sigﬂature wag ‘
presented to the student segment by sedment, thus “each
stroke indicated its own dynamic pattern as it was about to
be drawn byhthe subject.” Here, a new element,‘movemqqt;
comes into pléy. Not only is the model being revealed to the
‘Student segment by‘segment but also the sedments are
presented as dQnamically formed entities.

The researchers nated that the addition of this élement_'
of movqment appeafed to enforce stroké sequences and
direction as well "as supplying the vi&al feedback. It
confirmed to them that handwriting ékills should 53 taught
.with the emph;sis on gpé d;hamic,ﬁfocess involved rather than
on the_ﬁroduct. the finished letter. It was alsc noted that
handwriting skills learned this way generalised to a pen and

phper situation.

B
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The research discussed in this'chapter indicates that
- the computer-based model for hﬁndwriting instruction .can
supply consistent and immediate feedback and also proJide the _

student with an exact, dynamically-formed model from which to

copy.

’j\lh Children with specific learning disabilities exhibit a
disorder in one or more of the basic psychologiéal processes
involved in upderstanding or in using spoken or written

. languages (Bartel and Hammill, 19755. Generally, they possess
normal intellidence and suffer from no physical or sensory
handicap. It if argued that learning-disabled children have , °
‘an intellectual potential that is normal or better than Q%

normal, but because of these specific disorders, they

N

function at a lower level than expected. The possible causes )
of these disabilities can be neurélégical disorders (posgﬁbly
c%rigsered by prenatal problems or mild brain damage at birth)
or side-effects from drugs, infections or food additives.
According to Levy (1878), some of the common’
characteristics (relevant to this thesis) displayed by
wloarnina—disabled children are; sloppy writing, ietter

reversals,.mirror writing, short attention span and spelling

k-] B
problems. It must be emphasised tbat it is children who

7]



exhibit a constellagiop of these symptébs overNa period of
time who are considered learning disabled, since most
children show some of them at different stages of their
development. '

The education of learning-diéabled'children is neither
. quick nor easy. No specific Jeapning program 9&8 been
successful in all cases. Individual attention and hard work
on the part of the student usually result in imbrovement; yet .
progressican be agonisingly slow.'The literature indicates
that adapting materiais so as to accoﬁodate gspecial
~‘educ‘ational néeds can result in increésed learning. Lauzon
(1981) adapted a computer keyboard so that large, coloured
lettersﬁweré displayed to'mentally handicapped children and
found a significant increase in the learning of sight
vécabulary. Spé¢ia1 educational measures are applied eithef
in a special class or in a free-flow structure @epending on
the extent of the difficulties.

The writing of the lowercage alphabet is usually taught
in Grades 1 and 2. Prior to this,‘the emphasis would have
been on letter recognitign and the writing of the capital
letters. It is generally agreed among teachers that the
learning of the lowercase alphabet presents two major

problems to children with recognised learning disabilities:

(a) many letters differ, often quite radically, from the
. . Ly

Pr—
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J .
previously learnt capitalé, (b) ma;; of tbelletters are very
similar in form, such as "d” and\"b"; “p" and "q." This
phenoﬁenom is a natural consequence of a rapidly written

i

alphabet. .
If children begin to struggle with this transition from

capitals to lowercase, it could indicate the presence of a//

" learning disability, especially if the difficulﬁ& persistg/
into a secon? year. The problen_ggp[be further compound 4 by
the fac£ that femedial instruction'requires a high lgyel of
individual assistance which is not always forthcom%ﬂé. The.
CAL courseware in this thesis was designed to easé/this
transition stage. The learning problems of leaééin;L
disabled children have been approached from tﬂé Viewpoint‘oY
increasing tbe’invoiﬁemeét of the studenﬁ in the learnihg
process through a multisensory feedback systey embeddéd in a

self-instructional format.
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CHAPTER 3 ,
e Dosi
Ob.jecti
The concept of writing alph;;éi*letters can be defined
as an educational, psycho-motor skill “initiall§ processed by
péfceptual—cognitive functions and carried out through the
psycho-motor system as an instrumental behavior, conveying a
graphic record as the product of that behavior® (Sovik,

~

1975). ' N .

The educational problem addressed by th}s thesis is the
writing of the lowercase alphabet by means of a -self-
instructional and user—friendly courseware. This courseware
must be abie to function as part of a normal elementary
classroom routine.

‘The firsﬁ‘requiremeht in the design of this courééware
was to create-a.progrém,whereby_the computer would be able to
receive graphic inforﬁation from tﬁe student, compare this
yinformation<with a model stored iﬁ_the memory, and then
tranpmit the résult;of this 6bmparison b;Ek to the student
for critical analysis. This process wouid be repeated until
the student attempt matched the model. It was predicted that
such a program Qould.not'onli be an bffeotivé monitor for the

learning of this skill but’ would also significantly increase

the ratéiof leérning. Lt ﬁas also predicted that thé new

1 .
f
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level of learning achieved th;ougq using the courséwgrg_would
' be gustained after thé program was removed from the teaching
‘situation.

It was then required that the program be adaptablejto a
normal classroom situation. To achieve this, tﬁé following
conditions'had to_be met: (a) the program had to requdire the
minimum of computer exper@ence to operate by both teacher and.m
student, (b) the program had to be truly self—-instructional‘fH
i.e. it would require no teacher supervision once the student

was familiar with it, and (c) the program had to be of proven :

educational value.

Audience

The potential ugers of this courseware would be anyone
wvho needs to know how to write the lowércase alpﬁabet. Apart
‘fron its use as a remediAI tool in the elementary classroom,
oéggr ﬁobential users are mentglly handicapped children and
adults, and any young ehiidreﬂ who are- forced by
circumstances such as illness to learn in isolation.
Coursewdrelsuch as this could be used in adult literacy

r

‘classes as well as with immigrants from different alphabetic '

ocultures, such as Arabic.

{
"
2



Descriptidn of the CAL Courseware e

The hardware used in designing and running this = .
courseware was an Apple 11 computer and a graphics tablet
peripheral called a PowerPad (Appendix D). This tablet has
recently been put on the market by Chalk Board, based in
.Atlanta.°1t does not require a specigl.peﬁ to communicate
with the computer, any stylus-like instrument will suffice.

The softwére‘that was created for this'courseware has
two parts. First,‘thereois the “bank“‘of alphabet letters
that are brought to the screen, segment by segment, on the
prompting of the student. Second, there is the communicétiog
between the éémputer and the tablet.

All p;ogrémming was done in BASIC, using high-tesolution
graphics to create the letters (Appendix C).

Tbé user wrote on pre—programmed'sbee;s, dependind on
which letters were practised. The sheet of paper was secured
on the tablet by way of two small clips. These positioned the
paper exactly so that the user’s attempt would superimposeu
\Bver the model in the computer’s memofy. The flashing dots
whijp/apﬁéared”on the screen to indicate the beginning of a
letter segment coincided with coloured dots on the sheets.
The pressure of the user’é pencil on the sheet transmitted

the attempt to the computer’s memory via the PowerPad

‘(Appendix B).

“



The courseware was desigﬁed in such a way that no

computer experience was needed to operate it. The user needed

'onlx;gggidentify théyletpers of the alphabet and the

* .
spacebar on the Apple keyboard to be able to interact fully

with thé program. There were no codes or passwords to be
) /
remembered or typed in. The pacing of the program/bas ’

controlled by the user throughout. -

—— .

Instructional Stratedy

o

. 'The‘design of the courseware attempted to incorporate

the major elements identified by the literature as important

. for the successful learning of handwriting skills. These are:

copying, critical analysis, immediate and accurate feedback
and-pfesentingltbe student with dynamically-formed segments
of the letter to.-copy. Unfortunately, these elements have not
yet been combined into one instructional technigue. A
miorocomputer along with a graphics tablet allowed the
combination of these.elements into the instructional strategy
for the courseware. ,

The seqﬁence of events that takes place when a student
interacts with the program is illustrated in the
Instructional Stratedy Chart (figure 1). Steps ?hree and six
require decisions concerning the replication of the prompted
letter segment. Step eight reqd%;es fast and accurate

- T — LY
L
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feedback from the computer. Finally, st%p nine requires
critical analysis of the superimposed attempt on the model.

The qfudent'has to discover where the discrepancies are and
y < - ‘

'thgAto correct phem. . ",

LAl

“The étudegflpnogram iﬁﬁeraction that activates each step
on the Ipst;uctional Strategy Chart is as fol}ows (a;‘phe
'student presses the key of the letter that is to be
practised; (b) a ffﬁsbing dot indicates where the sedment
starts forming on a grid—iike background of four hori%ontal
lines, (c) the fxrst sedment is created dynamically on the
screen. It is drawn slowly, as if drawn by an 1n9}51b1e -hand,

(d) the student copies this segment on’tbe,sheet (on which is

drawn the same grid pattern as on fhe screen) resting on the

tablet, (e) when the pacesap is pressed again, the flashing

dot indi;ates vhere the ‘th éegment is going to start, (f)

prohpted,by tye student, the ngxt sedment appears on the
‘screen and is copied as befo p'on the §heet, () ?roméfed by
the studént, the student attempt is superimposégrover fbe‘
model on the screen and the two letters are examined for

discrepancies, (h) by pressing the key of the letter the

process starts again.

———

v/
. The element of feedback has been described as the most -
" .

important. A feedback system'éas defined as "a kind of

‘peoiprocal interaction between two or more events, in which

-~
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feedback system comprises of three events which have'beén

. built into the instructional design in the following manner;

k]

i

(a) movement generating the system towards a defined path ¥

. (steps two and three), (b) comparing the respoﬁses of this

[activity with the true path gnd/finding deviations (steps

-~

furth®r attempts: (steps tq? and one). :
Whlle'de81gn1ng the strategy’ descrlbed above, severglv//,

decisions had to be made concerning the most effective way

eight and nine), and (c) using the deviation signal for
J

for students to interact successfully with the program. It

W = 1

was decided to create tﬁe'ﬁodel letters thicker than the

s

superimzibéd student attempt. Thus the student did not have

to rebr uce an exact reblica of the model (a difficult_

‘ enough task even "without the added distortion of the

monitor). The thlcker model letters meant that any attempt

wvhich lay wiﬁpin the parameters of the model‘could'be

o ' : v
considered. as having achieved criterion.

Pid
[*]

It was considered necessary to indicate the starting

[

poihf of each segment by a flaéhing curser as the primary

¥
users of the coursware were young children. This flashing

-

curser facilitated the process of viewing each segwent as a

IS
ES '

-~
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discrete chunk of4ihformation with its‘own starting and .
fipishing points. _ ;

,At'Step three in the strategy, the student is attempting
to replicate Phe model letter on the paper. It was decided

not to have thix attempt appear on the screen as it was being

formed. Although this might have given immediate fe ack to

the student as he or she.was in the process of creating the

@

letter, as noted by McCleod and Proctor (1979), the actdal
superimposi@jon process could prove to be distractihg. The
student would tend to watch4the screen rather than .

coﬁcentrating on the physical process of creating the letter

on the sheet. i

v
4

. * ‘
Programming restraints dictated that the student attempt

could not superimpose djnamically over the model; an action

»

which would have reinforced further the awareness of the

- i

deperate segments in each letter.

¢ : :
Rationale for Using C.A.L.

AL

v

. 0 N ’
It was stated in the Instructional Strategy that the

>

elements thought necessary to teach handwriting skills could

only be combined using a computer., and a graphics tablet. O0f

crucial. Tﬁera is ?o other teac g _+60l generally available
, -

-

/ ) - - -
"that can organize and present \s graphic.information so

accurately as a computer.

o)
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Research indicates thaf children are intrigued with
coﬁputer technology aéd enjoy interacting with CAL course-
. -ware. Lally and McClead (1982) have put'forward five
Qrinciples that underly "high-quality interact;on” when using
a computer in a remedial setting. These are (a) student
. attention on the task as a whgle and on those aspects
- relevant at each stage, (b) procedures which exercise fiﬁe
control over the 1earﬁing process, (c) feeaback, both  at
criticql moments and for the overall performaéce. (d)ﬁ
challénging Aﬁd enjoyable activities, and (e) reinforcement
of success. These princi'ples.‘ have'beeﬂ applie(i to thjeﬁign

of this courseware.

Motivation is an important part of remedial instruction

[

bnq these aspeéts of computer-based igstguctibnacan help to
maintain concentration and motivation. The radically

different appearance of CAL from more traditional tools - ®»

(together wiph the semi-mystical powers attributed to

g
I3

computers) could give the student an enhanced expectatién of
success. The self—instructional aspect of effective CAL can
be another Boost Eo motivation and~seif;image. The
student-pacing and self-evaluation tbat‘are'inherqpb in
succéséful self-instructional courseware can diﬁinish the

fear of error, relax the pupil and encourage a more active

ahd critical way of qpproaching problems.
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%V A formative evaluation was conducted with three,

diagnosed learning disabled children. A pre-test was

administered whereby the children copied all the letters of w

the alﬁhabet from a blackbbard ont6 a paper. The number of

unrecogn1zable letters as well as the number of recognizable

. letters that were not formed to criter1on were noted. The

v X

" children then practised six of ‘these letters using the CAL
t

¢

courseware. Observation of the children, ‘todether with the
resulté of discussions with them, were used to ﬁssess the
ease‘of‘q;e of the instrument. The viability of the
self-instructional format was also assessed. -Overall
ogmprebension of the gogﬂs,dﬁ the courseware, and the
chi;drens' reaction to it, were uééd to assess j; the .
instrument was appropriately designed for children of this '
age and educatagnal level. At the end of the treaZpent
period, a post-test was admlnlstered wblch was exactly the
seme as the pre-test and the results were cgmpared.

I

v

<
" The evaluation of the courseware examined the following"

1

questions: -

‘(\
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* Will the use of°this courseware in the course of a
normal learning routipe significantly increase the number of

letters written to criterion by learnfng disablad_childron?

post—intervéntioh'period of three yoeks? , S

]

Is the coursevware an ‘;ﬁggsriate teaching tool for the

e

remediation of handwriting in a classroom environgent? That
- ) '

is to say, is the courseware truly self-instructional?®
; “ '

»

Sample '

' The sixteen children involved in this‘evaluation were
chosen ffom\Grades One and Two of the Regu}ar programme i%,
Terry Fox School in Pierrefonds. All the children had been
diagnosed as Moderately:Learning Disabled (MLD) accord ingd
to-the ?ritefia of the Departmen£ of Educayionl (1981). The

. 3

"
Will any significant improvememt be sustained over aw".

process of diagnosis is standard throughout the School ﬁbard.

If a teacher suspects that a child :is in .need of special

»

help, -the chil% is referred to the Special Education teacher.

The child is tésted using two instruments, the Slingerland
Perceptual Tests and the School *Board Manual of Minimum

Objectives. The results of this procedure indicate whether

v

the child is at Grade level in respect to eye-hand’

coordination, fine motor ability, manual dexterity, etc. If

. the child is found to be two years behind in any of these

¢ e
1

v

o
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respects, yet appears to be able to_function in a normal
classroom situation, then he or she is diagnosed as MLD and
attends a number of remedial smali—gtoup sessions with the

¢= free flpw teacher. | ,
All subjects were unable to form ten or more letters of
the alphabet to criterion. This criteérion was debiéed by ‘the
evaluator and two other teachers. In the case of borderline
' cases, a majority decision was agreed on.
Eleven of the subject§ were from Grade Two and five were
. fro; Grade One. The Grade Two subjgcts were raqdbmly assigned
to two groups and then.tbq Grade One subjects were similarly

S
assigned to the two dgroups. The groups were balanced so that

they containeq eight subjects eaéh.

The design choéen'fbr this evalﬁation was an adaptation
of the multiple time-series design as described by CadpGQII'
- and Stanley (19633;g%his design is illustrated in Figure 2.
'Educatiqnal processes can qu;n be’considered as trends of
dradual learning..lt is important, when‘intervenina in such a
process, to demonstrate that any significant increase in

léarning is due to the intervention and is not merely a

product of the continuation of the process.

&N
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.Multiple Time-Series Design (Campbell and

Stanley)
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Ideally, the intervention of this coursewax:e should Be
viewed as significantly accelerating this trend. Th a time
series design is the most efficient way to establish “she
éxj.st;ence of a true effect by observing the stabilita' of the
base-line of pre—intervention lga(rni.ng (the prestests)  and

the stability and strength of the post-intervention learning

- (the post-tests). The stability of any"inprea’se in learning

is an important factor. If the test scores increase
immediately a.fter the intervention, yet the effect weakens
vohver the coﬁlete post—testing x;erioq, it wou}d indicate that
jthe increase is dug largely ;;o the novelty of the situation
(i.e. the presence of computer courseware). dioate that
true learning has taken place, the data would have ﬁo\
indicate long-term stability after thé removal of the
.intervention. . .
| The main evaluation d‘esign (figure 3) .was a staggered
'tj.me—series format. Two groups of eight subjects each were
pre-tested, diven the intervention, and then" post-tested.
This took plhce over an eight-week period for both .groups.‘
However, Group B, wpre adbinistered the first pre-test as
Group A were experiencing the first intervention session.
Thus the time-span for the c.:‘oinplete evaluation was ten weeks.

©

The advantage of this design was that the two groﬁps could

2 :
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act as control for each other at two critical points, and so
keeﬁing the time variable constant.

Terrel and Lynyard (1982) used a similar design when
Q'evaluating the SpeakSpell spelli;g aid. They“noted that‘a\

‘ parficular advantage of such a design is that it is simple
and flexible eﬁough to be adapted to the organizational
patterns of a school with the minimum of dis%uption.:A deslg?
of this kind can be imposed on a normal classroom routine -
without disturbing the working atmosphere to a possibly’
significant degrée.

_From the design‘desc:iypd above, two mixed factorial
‘de81gns were tested. “The mi;;d factorial is the design of
choice when a researcher 1s/ﬂéudy1ng learning and the
processes thqt 1nf¥uence tﬁe\ﬁpeed with which learn1ng takes
place.” (Keppel, 1980). In béth, ﬁQb independent treatment
conditions were present, treatmpnt and testing. The former ,
had two levélég%intervention and no intervention), and the
latter had two levels (test position). Two comparisons were
made using thesé designs.

v

1. The results of Group A over the intervention period

<t

were compared to the results of Group B over the pre—tqstiné

period (figure 4).
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2. Similarly, the results from the intervention period
of Group B were comggred to the resulfs from Group ‘A over the
post-testing period (figure 5).

For comparisons One and Two, the third\pre—yesﬁifor both
groups was used as a covariate. This was used to account for
individual differences in handwriting aﬁility before the .
courseware was interuced. [

A third comparison was made between the combined
pre-tests of both groggs and the combined post-tests of %Pth
Tikoups. The results gk\tﬁé two groups were collapsed over an

eight-week period (figure 6). - ’

Each letter of the alphabet waghyested and t;;
procedure was consistent throughout. All subjects were tested
for’ their ability to wri%e the letters to criterion. The
usubjecté were tested as a group following a standard
procedure and using a standard instrument, a lined sheet of
paper (Appendix A). The letter "a" was written on the‘

s,

blackboard and thefgubjects’ were asked’ to copy it onto their

4

.sheets. After a l5-second interval the procedure was repeated

for the lette; “"b"”, and subsequently for thg rest of the

<

glpbaﬁet.

M
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" The sheets were then collected and marked accordiaa to

R

the criterion agreed on., K The raw data thus comprised of the
number of errors in letter formation (out of a total of 28)
for each of the subjects over the eight tests. . . ¢
When the subjects’ were experiencing the intervention,
they were infg?hally monitored by the evaluator. This data
compr g? not only the evalua%or’s observations but also
subjects’ comments, questioné and reactions to the
courseware in general gs well as to specific componeeys of it
ruéiional format). It was congidered that

this informal data could not only augment the results of the

statistical analysis, but also provide information concerning

the interactiaﬁy etween CAL courseware and elementary
teache s“g.d children.

' o ®

———y

Erocedure
One day before the inteirvention of the courseware, the
subjects participated in a familiarisatioa session with the
computer and the graphics tablet. This was inten&ed to
minimize any confusion concerning the manipulation of the
courseware during- the interveﬁtign periad, and also to alert

the .subjects to such practical considerations as -not pressiud

down on the tablet with the free hand. -
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The evaluation took placé in Terry Fox. School,
Pierrefonds. The classroom used was i-,bat‘of the Grad;e Two
Regular class, compr181ng 25 ktudents. ‘/

A time for the . weekly testing was arranged with the™

\

classroom teacher. This was when the class attended a regular
lésgon in the ‘gym and so leaving the room empty. For two
weeks Group A lfo'llowed the testing procedure previously
described. At the third test, Group B joined in for the first
time. At the fourth, fiftln—sixth, seventh and leight‘ﬁ tests
both droups were tgsted 'i;ogether.‘ For tests nine and ten, |
only Group B was 't;sted. .

The .intervention of the coursewyare consisted of ‘“en

dAily sessions for each subject over a two-week period. Group

A worked with the progra£ dur:mg weqﬁ% four and five and
Group B during wgeks six and seven. A table was set up in the

~
corner of the room to support the hagmre and facing away

from the class. A schedule was drawn up so that the subjects
could spent 20 minutes a;iay working with the program wijbhczut
disturbing the rest of the class. ’

All the Grade Two subjects were members of thi’é ci%ss (
az;d the-Grade Ot?e subjects.entered the room just for their
turn at the computer. Initially, the appearance of ‘i:he
hardware caused some disturbanéad.n(@ class. This was
compounded by the news that only certt}in class members were

“ )

-
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to use'it. It was arranged that the rest_of the class would

m—

~
get some time at the computer on the completion of the

evaluation. . ; R .

For the first two dayéf‘thexevaluator stayed with each
subject at the computer, explaining the program and observing
reactions.:The explanqtion followed thp same pattern for "each
subject; first it was stressed th4&t the compuier could make
any 1epter the subject wished and make it perfectly each
time. After the subjects had experimented with this, it was
then explainegvthgt the ‘Subjects themselgés could make
letters Jjust as wéll as ﬁﬁb‘éomputer and that the computer
would help them in this process. The graphics tablet was then
reintroduced together with ﬁhe programmed sheets and tﬁe
sequence of interactions was explained. Thgn ﬁhe,subjects
operated the program alone, with the evaluator observing,
answe;ing questions and clarifying certain concepts when iﬁ
appeared nece&sary.

After these two sessions, the evaluator withdrew from

the computer and observed from a djstance. At the start of

each session, the subject would ask the teacher which ‘letters

were to be practised, something the teacher and evaiquor had

arranged in advance. A limit of five letters per session was

f . ® .
set. At the-end of each session the subjects showed the
‘ A - d €

sheets to the teacher for review and comments. ¢

-
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Data Analvsis
Tﬁe data obtained from the overall ten tests were
subjéct to‘the following anglysis: -

'1. The means of the ‘scores for Group‘A and B'fpr the
first comparisén (for teéts four qnd fivé, Table 2) ;ére
subject to an analysis of covariance for repeated measures.
The,mean scores for week three acted as the covariate. The
results were examined for any significant differences between
the two groups. -

2. The means of.the. scores for Group A and Group‘B for

L 9
the second comparison (for tests six and seven, Table 3} were

1

also subjett to an. analysis of covariapce fop repeated
measures. The mean scores for test three acted as the
covariate. The results were examin?@ for any significgnt
differences." ’

'3. A one-way analysis of variance for repeated measures
was pergfrmed on tse collapsed group data (comparison three,
Table 5). This was to test for significant differences
.betw\een the eight Rest means. :

4. ;\pOSt hoc analysis, .Tukey’s comparg;on of pairs of
means, was pe;formed on the collapsed data to iﬁdiéate any

. Significant differences between test means. ~

™
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CHAPTER 5
. Results and Discussion
. . [ '
One to One Evaluation o v
As a result of the one to one evaluation, some potential

.

threats to learning were discovered due to hardware -
limitations and software design. Due to the ;;é;re of the |
draphics tablet, the whole writing surface was “sensitive” to
the $ouch. Thus if a student touched the surface with the
free hand or any part of the writing hand.P?sides the pencil
point, this pressurg_ would appear on the screen along with
the actual letterlformation. Attempts to mask off the unused '
portion of the surface via a platform for the wrist of the
wgiting hand proved unreliable and too awkward to ma&ipuiate.
The children were instructed, prior to the intréduction of
the courseware, to form the letters ﬁitb Jjust the pencil
point touching the surface. This is not ‘a natural writing
position and thus posed a potential threat to learnind. The
«.students appegred'tb adapt quickly to this style of writing,
especially when the reason for it was ciehrly demonstraged.
‘The post-test results indipated that tranmsfer of learning to
a normal pen and paper situation took place. ?

During the design of the courseware, it was decided that
the model iett;rs had to be between 1" and 2.5" high on the

séreen to maximiée the visual effect of the dynamically

N3
s
et



created letter segments.‘However, anything that is drawn on
the tablet appears smallef in scale when it is transferred to
the screen. If the student attempt was tp superimpose exqctly
byer the modéi letter, it meant that the\studenﬁ had to |
create letfers almost twice the size as the model on the
screen.‘The letters created by ?he student would have to bé
between 2.5" and 5" high. This scale of writing was expected
to increase the subjects’ awaréness of the psycho-motpr °
actions that are involved in the formation of each letter, an
iﬁporfant aspect of handwriting skills as previously
\discﬁs§ed in Chapter Two. However, it dia\;;: conform fo the-
fine motor actions used in writing during,n' mal classroom
activity or in éhe testing sessions. The parameters for‘
correct letter formationwin‘the testing situations were
between 3/4" and 1.5" (Appéhdix A). The post-test results
indicated this size difference betweeﬁ.the intervention and
the testing.setuations di%anot deter'learnipg.

Another design problem was that the student atteémpt as

written on the sheet did not translate exactly when

transferred to the screen. This was due to both:a limitation

of the graphics tablet in recording exact curvatures and the
pixel by pixa&\reproduction of the monitor. Although the

subjects noted these\ﬁjscrepanoies (sugh as sI}ghtly[ ~

e
14

%
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flatteneﬂ curves) 'they did not appear to detract from

’

critical analysis of the éttempt and the model.

The following conelgsions were made followinﬁ the one to

one evaluation: hN

1. The self-instructional format was comprehensible to
children of this age after careful explanation and ;fppr
L allowing the children to experiment with the graphics tablet
outside of the prodram.
2. The size and width of the model ietters were
. appropriate. '
' 3. The dynamic letter fegggtion intrigued and delighted
the children and prompted an 1mmed1ate impulse to copy.
4. The comparison batween(the pre and post-tests
indicated learning had taken place. °

5. All the childrgp*expressed satisfaction using the

courseware and indicated a willingness to continue:

l|. E ]“I;
i .
The means and standard deviations for the qumber of

errors recorded are shown in Table 1. The analysis of
variance for the group means of the fi¥rst comparison (weeks
"four and five) indicated a significant interaction between
the treatment and testing ﬁariable; (F1,42 =7.17, ' p = .0201,

-
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. . ¥
Table 2). This would indicate that the ﬁéan~pumber of errors

in letter formaqgon for Grdup A decreased significantly on
the introduction of the courseware compared to the Group B
results, vwhich indicated a slow decrease in errors over the

same period. The Tukey procedureifor the comparison of means

. performed on’ the data confirmed the above; there was a

significant difference between tests four and five for Group
A, but not between tests ;our and five for Group B (Table 4).
The Tukey also revealed significant differences between
Groups A and)B over gbth tests, thus confirming a signfficant
decrease in errors for Group A during the intervéﬁtion. |

The analysis of variance for the group means of the
secpnd comparison (weeks six and seﬂen) indicated a non-
significant interaction between the treatment and testing
variables. Furthermore, the effects of the two variablestwere
also non~$i¢nificant (Table 3). The analysis revealed that
ﬁeithpr group performed significantly better than the other
over the treatment and testing variables. The treatment had
the effect of eliminating any differences between the two
groups over the testing period. So it can be claime& that the
séores of Group B, during the in£ervention, were maintained
over the time of the G;oup A post-tests.

The mean differences for comparisoﬂs one ?nd two are
expresged graphically in Figure 7. |

¢

4
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The means and standard deviations for the numbqq_gg
errors recorded in the third coﬁparison (the collapsed dﬁtalﬂr
are shown in Table 5. The analysis of variance indicated a
significaht difference between the means of the test ‘
po%itions,(F?,Ql = 43.80, p = .0000, Table 6). The Tukey
pra ure peerrmed on the data revealed a significant
difféneQFe between weeks three and four: Heek four marked the
introduc£ion of the courseware. This~préc§aure dlso indicated
no significant differences between the scores of the three
pre-tests (the baseline dataf and no fignificant diffeérences

between the three post-tests (Table 7). This information is

expresséd graphically in Figure 8.

Learni Out
The statistical anal&%is of tﬁe data.deséribed in the
previous section indicate;that'thé ibgervention of this
courseware did increase thg'nﬁmger'of letters learnt to
criterion by the students. _
The baseline data for both ééoups A and B indieaie that
the iearning of this handwriting skill without using the

courseware was prodgressing at a gradﬁﬁﬁ but étatistipally

’l\
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Table 2

4

'(/~“/ Analysis of Variance
‘ Comparison 1

W

a
g

Source SS af . MS . F P
Covariate  199.31 1  199.31  20.73 .0008
Treatment 105. 56 1 105. 56 10. 97 . 0069
 Error  105.83 11 9.62. |

Testing 17.28 1 17.28 17.71 *  .0012
Treat x Test 7.00 o 1 7-00 7.17 ’ .0201

Error 11.71 12 .98

Table 3

Analysis of Variance
Comparison 2 R

’

: BN
Source SS df MS F P
Covariate  252.9 1 252.9 '16.74 ~ .oo18
Treatment  0.52 1 0.52 0. 03 . 8562
Error 166.23 11~ 15.11 R SR
Testing 0.00 1 0.00 0.00 '1.0000
Treat x Test 3.57 . 1 3.57 1.83 . 2012

Error  23.43 12 1.95
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Table 4

. Comparison 1

Ordered Sums Matrix for the Tukey
Comparison of Pairs of Means

(Critical Range

vl g i S e S o — — o S o S i — 2 i T W T et (A S T P i e e A S Tt S TS Gt e G e S e

A4
B5
B4

————

A5 A4
55.2 73.0
- 17.9

t

"

11) - .
7
B5 B4
84.9 ~gg.9
29.9 .33.95
11.9 15.9
_ 3.9
£
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o Table 6 & . -
Ana‘lysais of Variance <
Comparison 3 -
A
Source SS df MS F e T T
Groups A%B 915.68° 7 130.80 43.8 0000
. (collapsed) 4 ‘ , )
“Error ©  271.74 91 2.99 ,
& A - o
y




Té‘ze*?- :
Comparison 3
Ordered Sums Matrix fér the Tukey

Comparison of ‘Pairs of Means

(Critical Range 28.6)
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insignificant rate. Analysis of both the first,and tbifd
comparisons'indicaté that a s%gnificant increasé in leqfning
took place wbeg phe courseware was introduced.

The Tukey procedure indicated that there was na
si&ﬁ}fieant decrease ih learning over the post-test perio&.
When the courseware was withdrawn and the normal learning
?outine }eestﬁblished, Epejlevel of ‘learning achieved by
using the cﬁurseware was sustained. This demonstrated that
true learning did take place and that the 1ncreas?.was not

. ?
due solely to the introduction of a qew and exciting medium

of instrugtion. It could be argued that this level of
eérof—frée learning could be eventually reachéd even if/iZi
courseware did not-intervene, only . that the proceés would
take longer. A further long-term study uslng a traditional
céntrol group dgsign would test this hypothesis. Regardless
of the results of: such a study,/thé early intervéntioé of the
courseware can be jﬁstified in two ways. Firstly, this .

accelerated learning can only increase the motivation and

éelf—confidence of students already struggling with léérning

disabilifies. Secondly, this learning comes about imr=a
self- 1n8truct10nal format, thus relieving the teacher of a
tlme—consumlng an ,repetitiVe task.

Anoéber interesting fpllow—up study would be to continue
to use §be courseware as.described in this thesis until

; . \“‘\/
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criterion for all 26 leﬁters was reached or until a ceilin&

T —
for thij/ﬂandwriting skill was reached.

L
.

The Self-Instructional Format | ;

by

/

The self—instructiona{‘format was a critically impértant

asbect of this evaluétion for the following reasons. Firstly,

~ -

_ previqys'researbh indicates that enhanced learning takes

‘learning process. Secondly,. a majgr objective'of this

place when the learner has some degree of control over the

evaluation was to creafe a teaching tool that would ease some

of the(teaéber’s burden of individual instruction in

-~alassroom. Thirdly, according to the literature, -

, . . i .o
self-instruction is one of the advantages that CAL holgs over

the traditional methods of instruction.

the

AN

*

!

In the case of this evaluation, the self-instructional

format demanded more than merely moving thé program albng by

pressing the spacebar.The students ‘used the courseware in a

truly self—-instructional manher only after they had grasped

the relationship between vhat happened on the screen

they had created on their sheet. Once this was estab

. .
ligh

. -

/\\

criticallanalyéis of what had occured tob% ﬁlaceé//

what,

ed,

. . - /, A . :
automatically. Any discrepancies in letter{fotgp ion were.
N

»
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pin-pointed and the desire to self-correct was expressed, and

the process was repeated.

t

Two days after the 1ntroduct1on of the courseware, five
children (all from Grade Ong) were still demonstratlng
difficulty in using theese1f~1nstruct10nal format. Hith these
children, the relationship between the superimposedi;ttempt
on the screen and the letter foimed’on thefsbe;t was
stressed. After four days, on1y~\wo ?hildren were still
experiencing difficulty. These ch&ldren tended to be passive
in front of the computer and made the least improvement:in
the testinf' situations. The Grade Ope teacher singled out

tbes? students as probably dlsplaylAg serious learning aqﬁ

concentration problems. The fact that almost all of the Grade

. 14 ' /
One students experienced some ini@ial difficulty and the

Grade Two students did not in ménipulating the program

perhéps indicates that a,certain level of maturity is’

oA .

reqiired to comprehend this interactive process. Equally, the’

problem could be attributed to a lack of confidence among

\wphildren in the few months of their first full school year.

The program itself could be improved to include more visual

hd ,

or musical cues to prompt ;be student -when specific input is

required. : »

-

Thé self-instructional aspect of the program appeared to

(2}

aid the concentration level of the students during the
“
.

>

T

/ﬁ
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self—-correcting process. Genera}ly, small-step corrections
were made to a letter not formed to criterion, but because of
the ease and speed of the feedback process, criterion could
be quickly readhed by many such small steps once the
self-instructional aspect had been maétered. This constant
repetition and correction not only allowed the student to
discover the\Hypamic process of letter forpation but also
alloyed for drill-and—prgctise of the skill which was-
self—dlrected and self-paced. o
- Being able to manlpulate the courseware alonL seemed to
instill the confidence to demand mare control over the
situation. The evaluation bhad been designed so that the
student hgd ﬁo install & fresh sheet of paper on the tablet
for each correction attempt. However, many students asked to
keep the sheet with the origdinal error for their .subsequent
attempts, so as to better gauge the small-step corrections.

| Only when they had reached crltepaou'were they wilrlng to
transfer t? a fresh sbeetf Thls transition Was tbenE ‘
undertaken with a sense of Q§pectancy and confidence, an
i?dication Ebat the student néw u;derstood how to create an
limproved letter. Remarks such as "I know how to do it nowf‘

and “"This time it’s going' to be easy" often accompanied the

transition to a fresh shéet. The number of corrections

»



' of decrease varied from child to child.
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L}

generally decreased with each fresh sheet, /although the rate

e

D ic Lett F 4i
The model letters stored in the program’s| memory were made up

of one or more of 17 segments. For example, the letter -d-

1

was created by combining the segments -1- and -c¢-~. As the

intervention progressed, the students beggn t5 comment on
these individual segments and the letters\they formed. They
demopstrated their grasp of the segments concept while
watchring the segments form the letters. Common remarks were
“Oh yes, this bit is the same as in the -a-" (for example)

ahd "Thab tail is the sameuas in the -j-" and "If the

computer stopped }ight here it would make\an -r-" (as when
o

I ‘
‘forming an -a—). Thus the courseware assistéd the student in

daining a dynamic, ;Ptellectual concept of 1etper formation

as opposed to a-mechanistic, trote-learnt concept.

-,

. /

Tpe learning disability kﬁown as reversals occurs quite
frequently with learning disabled children. This disability
. z ' : ’
manifests itself as mirror-image letter formation. For

example, the placing ‘'of the rounded segment of tbe letters

-

]

',.\\
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—-d- .and —-b- are often confused, or the letter -a- is written
as - —-. The exact cause of this disability is not known and
has proven very difficult to remediate. Of the 14 subjects,.
who took part in this evaluation, seven reverséd betyeeq
three and six letters in the pre-testing situation. An
analysis of the post-test results showed only a slight
improvement in these letters, although improvement in letters
not usually subject'to reversal (such as the -m-) waé
sidnificant in five of the cases. All the subjects’
consistently correcteq their reversals when faced with tbe
graphic feedback on the screen, yet this learning did not

appear to(&grry over to the pen and paper situation.

™,

o n
T

¢

Motivati
The research see;s to ipdicate (Laliy, 1982) that CAL
courseware can encourage and sustain student motivation. In
the case of special education, }ack of motivation is cited ﬁs
a major stumbling block to learning (Levy, 1973). The level
of ifterest of}the children who participated in tﬁ/sj
evaluation was high. After the flrst week of using the
courseware, thelchildren were asked if they liked working v
with tbe'prpgram. Besides four subjects, who expressed

indifkerence to the program,.all the children were posipive
)
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. d
T
v

end enthusiastic. Many were concerned, when changes in the
schedule had to be made, thét they‘would miss a turn. Once
they began to manipulate thg program alone add ‘the
self-correction process began to.yield positive results, the
confidence level bedan to rise. The number of letters
practised at each session increased until the limit of five
was reached. At this point, the students were given the
'choice of either leaving the.érféram oy practising the same
letters again. Most pref;rred°the fgrmer choice. They were
quickly at ease with the program, often &isplaying such
relaxed behavior as pressing the keys with the blunt en& of
the pencil and talking to the screen.

The courseware was designed to achieve positi;e results

0

over a short period .%ltime, as this can be a frustrating and
.ei;cting skill for these children to learn. The attitude —
towards discrepancies signalled that this suécess came eariy.
Initially, discrepancies in letter fgrmation as revealed by
the superimposed feedback were viewedkas errors. A common
response to the feedback was “Oh, I got it wrong there."
However, as the self-correctional process bedgan to

aéﬁeler;fa, these "errors" were.seen more as steppiné stones

" to reach. the perfect letter, and‘the feedback then dféw‘such\
responses as "It needs a bip more thii/way“ and "It’s got to

be rounder here."
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i - : ’
Thege.manifestations of confidence and motivation can be
attributed partly to the ability of the courseware to deliver
. non-judgemental feedback. The program channelled a student’s
ability towards a goal and then allowed him or her endless

~attempts to reach it, all the while demonstratindg clearly

where corrections should be made.

The Program .as a Teaching Tool
One of the objectives of this evaluation was to create a
teaching tool that could work efficiently in a non-computer
oriented classroom. The couréeware had to assist rather than
complicate the role of the teacher. The evaluation design
dictated who uééd the courséhare and for how 1ong; but fﬁe
tgaqher had to decide which letters were to ?e practised and
to continue with the normal routine of the class while each
subject took their turn at the computer. This teacher had
never experienced a éomputer in the classroom before.\Aftef_
some initiai confusion, the teacher and the evaluation
sub jects were soon into'a smooth running of tﬁe schedulﬁ{ | 3
Over the four weeks that the courseware was in operation, the
initial skepticism of the teacher was replgced-by enthusiasm
as the students’ accepfance of the p;d&ram proved lasting and

positive educational results began to appear. .

. ——

 —
‘o
®
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On several occasions the teacher spontaneocusly used the ;

program wﬁén working with a student outside of the evaluation

to demonstrate a specific point of letter formation.

| - o During the four-week period that the computer was in the
classroom, two other teachers expressed an interest in the
courseware for some of their own students. Unfortunately, the

unavailability of an Apple in the schooi meant that this

interest could not be followed up.

v \ ,

Conclusion '

It has been stated that four elements must be present in
combination to effectively teach the skill of writing the
alphabet. These are copying, instant and accurate feedback,
critical analysis and a:dynamic presentation of the letters.
The results of thig e;gluatian seem to indicate this CAL
courseware can successfully provide two of these elements
(instant, accu?ate feedback and dyna;ic presentatidn% while

_at the same time providing an intérestiné and motivating

v m——— e

decisions and to copy consistantly. Therefore the courseware
. can be Justified as a legitimate instructional tool. In fact,
the’four elements named above cannot be brought together any

" other way in a self—instructionai format.
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APPENDIX B
'Prdgrammgg Sheets for Student Copying

L 4 A 4
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L LAY 1 O v L . 14
[N i -~ - . -

IRUN |
ILOAD THE PROGRAM! (MACHZ)
L1sT

10 TEXT : HOME : PRINT CHR$ (13
} CHR$ (4)"BRUNLOMEM.?: & LOMEM:
. 243576
120 HIMEM: 149 % 256: GOSUB 1400
O: CALL 149 # 256:WR% = 230:

P1% = - 186300:P2% = - 1629
o 9:GS% = - 14304:FP%Z = - 16
- . 302:HRZL = - 16297
) ‘ 130 GOTO 520

140 CALL 149 # 256 + 3:S = FPEEK
a (8): IF S = 0 THEN 155
145 IC = IIC + 1: CALL 149 * 256: - IF
IC > 4 THEN TEXT : HOME : PRINT
"PLEASE CHECK ALL CONNECTION -

S ON THE .POWERPAD AND RE
~-RUN THIS PROGRAM." CHR$ 7
BN ¢t END !
‘iu / _— 150 GOTO 140

. 155 IC = 0: CALL 149 * 256 + &6:X@
‘ ‘ = PEEK (7):¥YQ = PEEK (&):
- \ IF FZ > 4 THEN F%Z = 4
210 IF X@ = O AND Y@ = O THEN Fz
= F%Z + 1: GOTO 235
215 Y@ = Y@ - 25: IF Y@ < O THEN

™~

g

o YR = 0 ] ~>
220 IF FL = 4 THEN XP = XQ:YP = -
{7 N (-
230 F%Z = Q: POKE WR%,64: HCOLOR= )
- 3: HPLOT. 260 — XP # 2,YP * 2
- . TO 260 - X@ * 2,YQ * 2: HPLO
260 - XP % 2 + 1,YP % 2 TD 2
60 - X@ * 2 + 1% YR % 2:XP =
‘XQ:YP = Y@

: - 235 C = PEEK ( - 16384) - 128: IF. C Y \\,._ ‘

o K C < > 32 THEN 140
S ) 240 RETURN .
S S20 TEXT : HOME : HCOLOR= 0: POKE - :°
WR%Z,32: HPLOT 0,0: CALL - 3 oo
082: GOSUB 900: HCOLOR= O: POKE
WR%Z,44: HPLOT 0,0: CALL - 3
0 . .
540 VfaB 10: HTAB 4: PRINT,"PLEA . L
SE PRESS THE KEY OF THE LETT ‘
. ER"z VTAB 12: HTAB 8: PRINT ~
"YOU WANT TO PRACTICE...";: POKE:
SRR * 16368,0 o
. 550 GET A$: IF ASC (A$) < &5 OR ' .
ASC (A$) > = 91 THEN 550° ‘¢ . '
S50 A = ( ASC (A$) — 63)
%570 POKE GS%,0: POKE P1%,0: .POKE'
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580

590

600

&10

620

630
635

6430

645

650

660

v

V = .BiFLAG = 1:AB = 140:X0 = y

-

) ~
WR%,32: POKE FPZ,0: \OKE HR%
+0: HCOLOR= 2
ON A GOTO S590,600,&10,420,463
0,680 ,650,660,470,680,5690,71
0,720,740,750,740,770,780,79
0,800,810,820,830,860,870,88
o Iy
BOSUB 950:W = 133:X = 134:Y =
64:7 = &5: GOSUB 1020:V = 1:
X0 =" 114:YO = Q0:FLAG = 1: GOSUB
1130: W = 133:X = 134:Y = 8S:

- Z = 86z GOSUB 1020: GOSUB 10

60: GOTO 520
GOSUB 930:W = 133:X = 134:Y =
16:7 = 17: GOSUB 1020:V = 2:
FLAG = 0:XO = 153:¥0 =.90: GOSUB
£130:W = 133:X = 134:Y = 85:

7 = Bha BOSUB 1020: GOSUB 10

&b: GdTo 520

V = .8:FLAG = 1:AB = 143:X0 =

114: YO = 90: GOSUB 1130:§ =
130:X = 131:Y = 77:Z = 78: GOSUB

_1020: GOSUB 1060: GOTO 520

GOSUB 930:W = 133:X = 134:Y =
16:Z = 17: GOSUB 1020:V = 1:

XO = 114:Y0 = 90:FLAG = 1: GOSUB - -

1130:W = 133:X = 134:Y = 85:
Z = Bb6: GOSUB 1020: GOSUB 10
&0z GOTO S20

FOR G = 91 TO 139: HPLOT G,B8

S TO G,93: NEXT :W = 95:X =
96:Y = 88:Z = 89: GOSUB 1020

Y = .95:FLAG = 1:AB = 158:X0 =

114: YO = 90: GOSUB 1130:W =
133:X = 134:Y = .88:7 = 89: GOSUB
1020: GOSUB 1Q60: GOTO S20

= .75:X0 = 153:Y0 = 40:FLAG
= 1:AB = 75: GOSUB 1130: FOR
X = 44 TO 116: HPLOT 129,X TO
139,X2 NEXT W = 165:X = 166
1Y = 25:7 = 26: GOSUB 1020

-

FOR X = 131 TO 160: HPLOT X,

60 TO X,70: NEXT :W = 134:X =
1359:Y = 6437 = 65: GOSUB 102

0: GOSUB,1060: GOTO 520 )
116:Y0 = 9Q: GOSUB 1130:W = -
433:X = 134:Y = 75:7 = 76: GOSUB

" 1020: GOSUB 970:V = 1:FLAG =

0:AB = 6B8:X0 = 114:Y0 &= 141:
GOSUB 1130:W = 133:X = 1343
Y = 4437 = &5; GOSUB 1020: GOSUB

1060: GOTO 520 - :
GOSUB '930:W = 133:X = 1341Y =
16:Z+=1 172 GOSUB 10203V = 23 o
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Vo . . 665

670

685

620

710

$ 720

SPTI 745

750

N BoS-

" 0:1AB = 90: BOSUB 1130: FOR X

W, .
*

X0 =§153=Y0 = 90:FLAG = O:AB
= 90: GOSUB .1130 8o
FOR X = 91 TO 116: HPLOT 168
X TO 178,X: NEXT W = 133:X . o
= 134:Y = 85:Z = B86: GOSUB '
1020: G0OSUB 1040: GOTO S520
GOSUB 950:W = 133:X = 134:Y =
b4:Z ="485: GOSUB 1020: FOR X
= 49 TO 58: HPLOT 128,X TO
139,X: NEXT :W = 133:X = 134
tY = 49:Z = 50: GOSUB 1020: GOSUB ————
10640: GOTO S20 '
GOSUB ?70:V = 1:FLAG = 0:AB =
68=x0 = 114:¥0 = 141: GOSUB
11302W = 133:X = 134:Y = 64:
Z = 65: GOSUB 1020 ;
FOR X = 49 TO S8: HPLOT 128,

X TO 139,X: NEXT :W = 133:X =

134:Y = 49:Z = 50: GOSUB 102 -
0: GOSUB 10&0: GOTO 522 ]
GOSUB 930:W = 133:X = k34:Y = ‘ .
16:7Z = 17: GOSUB 1020:X3 = 1{ '
S63Y3 = 66323 = 170: A5 = 0:zA
$¥29: GOSUB 1110:W = 165:X

= 1663Y = 64317 = 65: GOSUB
10202 X3 = 128:Y3 = 80:Z3 = 1
43:AS = 0:A6 = 3I5: GOSUB 109
O:W = 133:X = 134:Y = 85:Z =
86
GOSUB 1020: GDSUB 1040: GOTO
520 -
GOSUB 930:W = 133:X = 134:Y
16:Z = 17: GOSUB 1020: GOSUB
1060: GOTO 520 .
GOSUB 950:W = 13B:X = 134:Y =
64:Z ='465: GOSUB 1020:V = 2:
X0 = 153:Y0 = 90:FLAG = 0:AB

= 903 BOSUB 1130: FOR X = 9

1 10 ?u.: HPLOT 148,X TO 178

s X2 NEXT :W = 133:X = '134:Y =
,85:Z = B86: GOSUB 1020 '
V = 2:X0 = 192:¥0 = P0:FLAG =

fl

.= 91°TO 116: HPLOT 207,% TO

217 ,X: NEXT :W = 173:X = 174
1YV = 8%:Z = 86: BGOSUB 1020: GOSU
1060: GOTO S20- . ' i
GOSUB 950fW = 133:X = 13
bA:Z = &5: GOSUB 1020:V
X0 = 153:Y0 = 90:FLAG. =
= .90: GOSUB .1130

FOR X = 91 TO 116: HPLOD
yX TO 178,X: ‘NEXT sWé=

U m {341¥ = 85:Z = B6: GASUB - .
1020: GOSUB 104603 GOTO 529

XO = 142:Y0 & 90z X1 = 1

v




ol

v ' \ . -

90:V = .S:FLAG = 1:AB = 180: ‘
GOSUB 1130:W = 141:X = 142: . 81 ~
Y = 69:Z = 70: GOSUB 1020: GOSUB )
1060: GOTQ 520 '
760 GOSUB 970:W = 133:X = 134:Y =
b4:7 = &9: GOSUB 1020:V = 2:
FLAG = 0: X0 = 153:Y0 = 90: GQSUB
1130:W = 133:X = 134:Y = BS:
Z = Bb6: GOSUB 1020: GOSUB 10 |
60: GOTO 520
770 GOSUB 970:W = 133:X = 134:Y =
64:7 = &5: GOSUB 1020:V = 1:
FLAG = 1:X0 = 114:Y0 = 90: GOSUB
1130:W = 133X = 134:Y = 85:
Z = B84: GOSUF-1020: GOSUB 10
. 60: GOTO S20
780 GOSUB 950:W = 133:X = 134:Y =
" &44:7 = &5: GOSUB 1020:V = 2: -
XO = 153:Y0 = 90:FLAG = J:AB
= 70: BOSUB 1130:W = 133:X =
134:Y = .85:2 = 86: GOSUB 102
. 0: GOSUB 1060: GOTO 520 )
790 TEXT : HOME : VTAB 12: HTAB
10: PRINT "LETTER NOT AVAILA
BLE YET.": FOR XX = 1 TO S00
0z NEXT : GOTO 520 ‘
800 GOSUB 930:W = 133:X = 134:Y =
16:Z = 17: GOSUB 1020: GOSUB
1000:W = 104:X = $07:Y = 35:
Z = 36: GOSUB 1020: GOSUB 10
60: GOTO S20 , _
810 FOR X = &6 TO 90: HPLOT 90,X = .
. TO 100,X: NEXT :V = 2:%X0 = T
114:Y0 = 90:FLAG = 1:AB = 90
: GOSUB 1130:W = 952X = 96:Y
. = 6437 = &5: GOSUB 1020 :
815 BGOSUB 950:W = 133:X. = 134:Y = -

.64:7 = 65: GOSUB 1020: GOSUB
| 1060: GOTO 520 4
B20 X3 = 96:Y3 = 46:Z3 = 112:A5 =

0:A4 = 49: GOSUB 1090:W = 10

4:X =-105:Y = 64:Z = 65: GOSUB R
1020:X3 = 191:Y3 = 662123 = 2
07:A5 = 0:A4 = 49: GOSUB 111
Ot = 199:X = 200:Y = 64:2 = .
65: GOMUB 1020: GOSUB 1040: GOTO
520 .o
. 830 FOR X = 66 TO 116: HPLOT 120
s X TO 131,X: NEXT :W = 126:X <, o -
= 127:Y = 64:2Z = 65: GOSUB ' c
1020 . : >
B32 X3 = 152: Y3 = B6:7Z3 = 164:A5 = o
- O3Ab6 = 29: GOSUB 1110:W = 15 - ¢ e
8:X = 159:Y = B6:Z = B7: GOSUB -
\1020=X$ = 152:Y3 = 861213 = 1 * T . ..
64:A5 = O3Ab ='29: GOSUB 109 , ' C. -
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O ='158=§\5—159:Y = 8637 =
87: GOSUB 1020
835 FOR X = &6 0 116: HPLOT 18S
»X TO 196,%: NEXT :W = 191:X
= 1921Y = &4: 7" = &5:i GOSUB
1020: GOSUB 10460: GOTO S20
860 X3 = 98:Y3 = 66:23 = 110:A5 =
0:A6 = 49: BDSUB 1090:W = 10
G:X = 105:Y = 64:7 = &3: GOSUB
1020: X3 = 146:Y3 = 66:13 = 1
§8:A5 = O:Ab = 49: GOSUB 111
O:W = 3152:X = 153:Y = 64:Z =
GOSUB 1020: GOSUB 10&60: GOTO

870 X3\= 98:Y3 = 66:Z3 = 110:A5 =
= 49: GOSUB 1090:W = 10

4: X 105:Y = 464:Z = &5: GOSUB
1020:X3 = 193:1Y3 = 66:23 = 2 :
05:A5 [= 0:A6 = 100: GOSUB 11

10: W 199:X = 200:1Y = &64:Z =
,&5: BOSUB 1020: GOSUB 1060: GOTO

X 520
880 :SER = 102 TO 186: HPLOT X,
~“T0 X,76: NEXT :W = 102:X =
103:Y = 70:Z = 71: GOSUB 102
0:X3 = 146:Y3 = 67:23 = 158:
AS = 0;A6 = 47: GOSUB 1110:W
= 150:X =.151:Y = 70:Z = 71
: GOSUB 1020 ,

885 FOR X =110 TQ 155: HPLOT X,
104 TO X,113: NEXT.:W = 106:

X = 107:Y = 110:Z = 111: GOSUB
1020: GOSUB 1060: GOTO-S520
200 HCOLOR= &
910 HPLOT 1,16 TO 279,16z HPLOT
1,17 TO 279,17: HPLOT 1,65 TO
279,64: HPLOT 1,65 TO 279,65
: HPLOT 1,115 TO 279,115: HPLOT
1,116 TO 279,116: HPLOT 1,16
7 TO 279,167: HPLOT 1,168 TO
279,168 ° - ‘ ,

920 HGOLOR= 2: RETURN

o

-

930 REM VERT.jLINE FOR B,D,HaK.  _ -

L,T.
940 FOR X = 17 TO 116: HPLOT_128
,X TO 139,X: NEXT : RETUAN

' 950 REM LINE FOR A,I,N,R

940 FOR X = &6 TO 116: HPLOT 128
" 43X TO 139,X: NEXT : RETURN
970 REM VERT. LINE FOR P,Q
989 IF A =7 OR A = 10 THEN FOR
¥ X = 66 TO 145: HPLOT 128,X TO
139,X: NEXT : RETURN

990 FOR X = 66 TO 166: HPLOT 128

+X TO 139,X: NEXT : RETURN

1000 REM THE T



1010
1020

1025

1030

1040
1050

1055

1057

1040

+ 1070

1080
1090

1100
1110

©f 1180
1130

1140
1150
1160
1170
1180
- 1190
1200
1210
1220

J
1250
. 1260

1270

1280

.

FOR X = 103 TO 162: HPLOT X
,30 TO X,41: NEXT : RETURN
REM FLASH POINT & WAIT FOR
SPACE BAR ]

POKE -~ 14368,0: POKE WR%,3
2: POKE P1%,0

HCOLOR= 1: HPLOT W,Y TO X,Y
TO X,Z TO W,Z TO W,Y: FOR B
B =1 TO SO1: NEXT «

HCOLOR= 2

HPLOT W,Y TO X,Y TO X,Z,10
W,Z TO W,Y: FOR BB = 1 TO 50

O: NEXT

C = PEEK ( —-16384) - 128: 1IF
C < > 32 THEN 1030

F7Z = 4: PDKE - 16368,0: GOSUB

140Q: HCOLOR= 2: POKE WRZ,32:
RETURN
POKE - 16368,0: CALL 38234

= PEEK ( - 16384) - 128: IF
< > 32 THEN 1070 \.=
RETURN
HPLOT X3,Y3 TO Z3,Y3:X3 = X:
I+ 1:¥3 = ¥3 + L1:23 = 23 +
1:A5 = A5 + 1: IF AS = A6 THEN
RETURN
GOTO 1090
HPLOT X3,Y3 7O Z3,Y3:X3 = X
I~ 1:¥3 = Y3 + 1:2I3 = I3 -
1:AS5 = AS + 1: IF AS Ab THEN
RETURN
GaTo 1110
HCOLDR= 2 {,

C
C

o

IF AB = 0 THEN AB = 178
:R1 = 15:DHPI = 2
R = 25
DPHI = 2
X = X0 + R
X2-= X0 + Ri:Y2 = YO
Y = YO
HCOLOR= 2
DPHI = DPHI #* 3.14159 / 180

‘DHPI = DHPI #* 3.14159 / 180

-IF FLAG = 1 THEN FOR FHI =
DPHI TO 6.2824 STEP DPHI: GOTO
1260 :
FOR PHI = 6.2824 T DPHI STEP
- DPHI .
X=1~R=* COS (V#* 3.142 -
PHI) Ty . 4 ‘
X2 =1 - Rl * COS (V # 3.14
Y - PHI):Y2 = 1 - R1 % SIN
(V # 3.142 - PHI) .
Y=1<>R#* SBIN (V#* 3,142 ~
PHI) . . .

A
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1290 X = X0 + X ‘
1300 X2 = X0 + X2:Y2 = YO + Y2
1310 ¥ = YO + ¥

1320 AX = AX + 1:AY = AY + 1
1330 HPLOT X,Y TO X2,Y2

'1340 AZ = AZ + 1: IF AZ = AB THEN

AB = 0:AZ = O: RETURN
1350 NEXT PHI “ Y
1360 AB = 0:AZ = O: RETURN
14000 FOR X = 149 # 256 7D-149 *
256 + 127: READ Y: POKE X,Y: -
NEXT : RETURN :' DATA 76, 9 1
49,76,22,149,76,44,149,173,9
0,192,173,88,192,173,89,192,
173,88,192,96,1469,0,133,8, 16
2,255,160,255,173,99,192, 16,
8, 136,208
14010 DATA 248,202,208,245,230,8
196,173,91,192,173, 90;432,39~\
167,149, 133 b, 32 67 149,133,
7,173, 99 192 173 88,192,966, 1
/ az 7, 173 91, 192 173 %0, 19;;1
73, 97 192 10 102 8, 202 208,2(
41, 165 g, 73 zss 74 6

14020 DATA 169 O, 13.3 2,133,0,169

. ,32,133,3, 169,64, 183, 1,160, 0
& 4177,0,17,2,145,2,192,255,20
0,208,245,230,1,230,3,165,3,

" 201,64,208,235,96
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TECHNICAL POINTS .- >

PO

Resolution: * 128 x 120 !

* 18th of an inch in both dxrect;ons

, * 100 switches to a square inch (for most

computers .
‘*  there are 14,4080 points on the surface

* Electronics of PowerPad scans the entire work suface aboug 30
times a second in search of contact points,

PowerPad "talks" to a computer through the game port on most
home computers: involves a software interface.

* Is not a generic interface. ( a joy stick is a generic
interface). '

" can run programs written by user in BASIC
COANE%TS to a computer through a serial 1nter£ace (4 wiye

interface - 2 in , 2 out); usually the game port-wi
PowerPad connector cable,

% -

. . Q
A CONNECTS TO: Commqdore-64 -~ through Port 1
. Vic-28 - lst control port receptacle
T Atari - lst controller jack (joystick)

- Apple - requires our. special starter .cable to
connect to the I/0 game receptacle INSIDE the
computer.

Franklin Ace/1800 - will codnnect w/Apple
* Starter Kit if it has a 16 pen dip connector.
IBM - also requires our-special cable. Will
connect to the Bus inside the machine., Our
Starter Kit will iaclude a small printed
) circuit board which will plug into the IBM Bus:
. . a cable will run from the back for connecting:
. 'to the PowerPad. -
* Most produ written in assembler BASIC machine language or
LOGO. ‘ ’ : : .
INTERFACING: ) . - A
" PowerPad can be interfaced with .other computers but requires
someone with interfacing experience; can use our PowerPad
Programming Kit for reference. ' .
. N

R8232C' (is not a computer - but a standard) Our Po;efiad.has a .
ser1a1 1nterface, but’ is not 232.

;
/ -
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