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The purposes of this study were (1) to extend the testing of

Sensory Modality Matching (SMM) tests (visual auditory ‘and: haptic),
as developed by Jarman (19{?) and Sawada and Jarman (in pr

selecqii cognitive process tests ( trail—making, figure copying, digit

ess), of
"B
A

span and- subitization) as developed by Das Kirby and Jarman (1978)ﬁ
nd of scholastic achievement tests (reading comprehension, reading

f decoding and mathematicdiachievement) as developed by the local school
\ - district'

(2) to study the specific haptic sensing strategies and'
the relationship these strategies may have with students m thematics
A _,pefformance

o

of grade one students.c The SMM tasks each consis ed of a

linear stimulus pattern followed by -a- linear comparison patte n which

N

the student deemed as being the same ork"different".
\.

Two samples were selected Sample 1 consisting of 90/grade one

rs

1..

students selected from suburban elementary schools and Sample’ 2 a
subset of Sample 1,_consisting of 22 students. Sample 1 was tested
using the SMM tests, cognitive

\

process tests and achievement tests,
while Sample 2 students had their haptic sensing strafegies studied
in depth B ”ﬁ “ |

The data obtained were organized by correlation analysis’and : i
factor analytic techniques to reveal both the performance 1evels and'ﬁ' _ g
the types of information processing that were characteristic of grade; }ff,fﬂ'
one students (Sample 1) Initial haptic sensing strategies were f w0 f,:' : t
identified dgring the subjects performance on the haptic-haptic SMM o
»*u tasks.?

Alterations were*also noted as the subjects continued through
the five SMM tests (Sample 2) -

. i
: .

. n./"
\



"who were able to plan specific strate
A

‘nce; Sﬁmultaneous and successive

tudy is the subjects

df‘the haptic sensing strategies.

1

as determined in thea\naIysis~
i R — : ,
el ”during theh§ﬁﬁ*f“§kSWM~m~

b g
| " % -
.4 W ile those who

consiStently improved their mathe Q&g@ 3
20 g
perfo ed €o a” evel equal to or

'a

were unable to utilize planning

below chance.'

This finding has’ major implications for mathematics educators in

the lower elementary grades. The emphasis of mathematics education

‘needs to focus on the development oi,strategies and planning skills
This may be best be accomplished through the

utilized by students;
frequent use of conventional and novel problem solving exaeriences.

Students should experience Such activities in order ‘,igffectively
: @ : n

‘3&velop strategy and planning skills.

. e Y . . . el
. : . . T, RN
. o ) ; » -’ . .

use of planningf

i

e - “Students— . i

i
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- CHAPTER 1

. INTRODUCTION TO THE STUDY

®

A series of recent reéa;rch projects studied the relationship
?etﬁeen Sensory Modality M@tching (SM%) skills agd cogniéive processing.
'~ Jarman (1975) studied in detail the relationships between in;elligence
(low IQ; normal IQ, high IQ) and the information processing abiiity of
180 grade four males. As part of the study, the subjects were given
SMM tests, within and between the visual and auditory modes. FEach
subject was first presented with a stimulus in one ﬁodali;y thch wasg
then remerd. A comparison stimulus was then presented‘in a matching
or nonmatching modality. The subject was to determine if ﬁhe c;mparison
stimulus was the "same'' as or "different" from the initial stimuius.
Each stimuiys 1A’the visua] modality was preseﬁted as a linear ar?ay of
dots having either short or long gaps between them. The auditory A
stimulus consisted of a series of beeps Elayed on an audio-recorder with
short Qt iong paﬁses between the beeps. A more de&ailed discussion of |
the stimuli'is found .later in this study. From this study, Jérman
‘qogcluded that'fIQ groups differ in their ;lannipg and decisions regard-
ing an ;ppfopriaté strategy for cognitive tasks". i
In a 1éterbreport, Jarman (1978) gave further support to his
egrlier findings . He claimed that subjects' performance in auditory and
visual matching teéts also varied directly with tﬁe’level of IQ (low,
: ' medium, high) and when considered across these three IQ groups, differ-
ential factor patterns appeared and/or disappeared entirely. These |

factor patterns or strategies were identified as (a) rehearsal and .




: ,relied primarily on the processes of rehearsal and retrieval. The o

"or coding, and (2) wquld younger subjects (grade 1) reveal similar

';factor patterns’ L Nféui '

)::'read&ng tests)“ f*"‘

R L
aT‘Are similar strategies being used in each of the three modalities7

f‘.the high IQ group mainly used verbal coding while the low IQ group

S

i medium IQ subjects employed a combination of both factor patterns Two

a

;f Sawada and Jarman (in press) in testiqg grade 3 subjects (male and5

v
e.

:'_;female) added a parallel constructed haptic modality test to the f’»

vVauditory and visual modality tests developed by Jarman (1975)

Tyl

’jfcorrelating subjects performance on these SMM tests with mathematics B

T

Ui“achievement (measured by a. locally prepared mathematics achievement

LA R \

:,were the matching strategies involving the visual and auditory

.»n k. ’ h

s‘v.

'[;modalities. Subjects haptic matching strategies were also found "to
;fbe more strongly related to mathematics achievement than to either

.r;;reading decoding or reading comprehension (as tested by standardized

e

No attempt was made to identify what specific strategies the ‘

”‘fsubjects used to encode,(store decode and match thE‘tWO stimuli.iargﬂf'_

“v ‘h‘.

<!é

tf'capacity of the short term memory (STM) store (Miller,_1956)° Does a

L relationship exist between the findings of Jarman and early number

S

oy i

.-Vretrievel processes and (b) verbal coding processes._ rt was found‘that .

"ﬁ_fquestions here remairfunanswered (1) what were the subjects rehearsing fi

lfftest) they determined that the matching strategies involving the haptic T

-ﬂmodality were more highly correlated to. mathematics achievement than o

'iIf subjects did encode each linear stimulus to a- series of digits as “d

' suggested by Jarman (1975), what implications arise that relate to the :

fyconcepts (Fuson, 1977 Draft Paper) as taught in elementary mathematics 'f

S T



R

T

.

'programs?'tFurthermbre;hif haptic modality:matching performance'isﬁ

,-correlated with mathematics achievement at the grade three four level

B does the same correlation exist at the grade oneylevel7 If so, what

-

-implications are there for the use of manipulative materials in ﬁ

Jiteaching elementary school mathematics7 What implications exist for

the teaching of strategies to 1ower elementary students"'”

P D . «.:1 o
o

* . STATEMENT OF THE PROBLEM

®

Thisﬁresearch is designed to have two major purposes. 5 ‘:fv :bf'_'lt

”’\a. . To determine the performance level of grade one students’on N
, ; i o ,__:or o .: 4

v various Sensory Modality Matching tasks,'related cognitive process L

'tasks and their scholastic achievement and to discover interrelationr?T

ships in students performances on the above tests.<l

Uhen grade one children receive a sensory modality matching (SMM)

' stimulus, as used by Jarman (1975) and Sawada (1n press),_and match

Q

it with a SMM comparison stimulus,.is their performance similar to
o ,(\ ‘5, i

“ that oflgrades;three;and four students7- Is it possible that young

.".»u... .

i students are able to develop various haptic strategies9 Do these

o systems vary over intra—modal and cross—modal tasks’v Are children_ryﬁf‘f"‘

‘..c_“ N

able to adjust and change a: matching system when they desire” ThiS/
/

study is designed to compare the performance of grade one students in v

/

',:’various SMM tasks and related cognitive process tasks of successive R

-
/

c.prooessing, simultaneous processing and planning : Further analysis l:“

e

‘ffwill study thenextent to which these abilities relate to achievement°

‘{jin the scholastic areas of mathematics and reading The final aspect

Lof this purpose will estabfish relationships, if any, the results of

O ‘ _ . S e
Sy T e 2 ,_f‘.,"ﬁ“' v”ﬁ‘, L
R L . . 1 B cl . . A ; o . o«




[ e

L ?“sh‘ this study have to those of other related studies. S

Lé To study various haptic sensing StratEgies used by students oni
“/7' SMM tasks and the relationship these strategies may have with the

ﬁ» B students mathematics performance.ff\ E 'ﬁj'd-"‘]

\

u

What role do various haptic wensing Str‘iegieslhave'on:a studenﬁYS

‘individual performance on SMM tasks? Is a sthdent's ability in

“:/i ' hftl;i'mathematics a reliable factor to predict specific haptic sensing

A e strategies or is the converse true° Observational and statistical
S . . ”

R R : . o

_‘analysis will be used to study the various haptic sensﬁng strategies .

'i,of grade one students when performing SMM tasks and attempt to relate
5these to the[students mathematical abilitY-;'f%5;y fiw-';;;,dj'“7'°3f3~

' DEFINITION OF TERMS. .~

P

For‘the purpose of this study,‘the following terms will used as’
"fi defined e - . Y | |
Vfg;vh?‘fg.Chunhing‘-‘theyprocess‘cf combining "single stimuli into 1arger unitsb
;f%;%%i:frffffjdiﬁfi ?i;{:(Klatzky, 1975) as related to STM The number of units
'vlf.f;;7lbfflf;fii‘i‘j'g?which can be chunked together iS seven/plus or minus tWO,:'
a':aﬂix;g;li:v;fa'““‘:(Miller, 1956) with a unit having variable size (eg word
‘fihifidf;itifﬁ-ﬁ,_.ig;lfisletter, ‘or syllable) | | |
: fﬁs;v'dtgsoding;yithe.total sum.of.the cognitiye processes necessary.for the
vdfi;receiving and storage of stimulus traces. Das et al (1979)
‘?fg;states, coding, broadly consideréd represents input,
recoding, and storage of information .;dififfdff
'.‘,‘ Cross—modal Matehing. the matching of a stimulus pattern-in one”d

o

“’; modality with a comparison pattern presented in



Tk

- . e .

// a differing modality. S '

4

Decodingﬁhfthe retrieval and” recoding of stored information for use in

'decision—making. .Lt o . ‘."‘ AR o ,:J»“
’Encodingzifthe coding process dealing with the recoding of inputli
: i ) . ; _ / S oo . .
: fstimuli for storage. PR f. [ Lo N

Intra—modal Matching the matching a stimuluﬁ pattern in one modality

Ra l

'with a comparison patéern presented in the same

2N

‘Inverse'scoringfp the system of . scoring in which a high score indicatesv

a pooref performance than a 1ow score.

’,57?lanning theyability to establish and alter SChemes for problem

":;Subitization"”the immediate apprehension of . aakumber of objects in a

- ‘N"\, -
solving._ , U

4'Prob1em. a situation in which a student cannot readily find a solution.-'f o

F”Problem Solving the process by which a satisfactory,solution is IR

50und to a. pr°blem.“n";'_‘ll#)fc'

b'.fset. ,It is reported that for young children subitizing

"Y‘OCCurS only for numbers less than five {Klﬁhr and Wallace,l‘” S
'3f~1976)
© . 'ORGANIZATION OF THE REPORT

fe

Chapter 1 contains the overall and the specific statement of the

”*f'problems to be studied A general review of related research is

:,ithe selection of the sample, development and selection of the tests,

-,contained,in-Chapter.Z Chapter 3 contains a detailed description of

S T

experimental design, research procedures, and the collection and f"



4

recording of data. Chapter 4: presents a discussion resulting from the

statistical analysis of the data. The fifth chapter cont;ins detailed

A

:study of the haptic sensing strategies of the subjects. IChapter 6
>”inc1udes a discussion of the»conclusions, implieations‘and suggestions.

for further,:eseareh;s \

R T RS ' IO




- CHAPTER I
i T ol R b s o j
BACKGROUND TO THE STUDY

o . . —
A . A

) L.
The present study; as discussed earlier, is in part a replication

and an: extension of earlier studies.‘ Jarman (1975), Sawada and Jarman -

\(in press) and Sawada (in press) Extensive summaries of related
e ‘
research are readily available in the above mentioned studies. These :

studies, however, raised certain questions pertaining to the

"performance of middle—elementary grade subjects on intra—modal and 'f

Ty :

"‘i_cross-modal sensory matching tasks, questions which are addressed

below under three headings.i information processing, short—term memory

W Ve . DS

jhand hapticvsensing maneuvers; RN "pi.::VV‘ o o ‘h.] Lo

‘ '»v;'ln-vforma’t‘ion'.Pro'cesvs"ing:' |

<

The cognitive abilities of humans have been the focus of much

A
N

'jpsychological research since Spearman (1927) postulated his "8 as ‘a’

-

pand successive processes.. poe T vf-, - Sl ",’49‘_

o
-

'5jphysiological source for man s reasoning powers.f Recently, Das, Kirby

. :fTand Jarman (1975 1979) designed a model for human cognitive abilities.

o

1Their proposed model of information integration included simultaneous 5gi:"

A

o Das,_et al (1975) referred to simultaneous information processing

'v;as;:' synthesis of separate elements into groups, these groups often

',taking on. spatial overtones .’ This then is the processing of any part

of a whole which is perceived instantaneously with disregard to its~_s

By

~rposition in relation to the whole. In contrast, successive information

processing refers to processing of information in a serial order.‘ipThejuf'

-5 y



distinctive difference‘is the:inability-to process a total result at

a given ‘moment in time.\ Luria‘(1966 a,‘1966"b)vhas‘id ntified three,

‘ processes within each of simultaneous and successive 8y thesis.' That

'o% perceptual mnestic (memory) and complex intellectual onceptual

¢

.'%~ | cognitive operations. Das has incorporated these into his. model A

~

-"‘more generalized description of these processes is given by Das and

.(,'_

associates (1975 1979)
_ Further in studying the model, one _assumes that the individual can
select either or both modes. of processing as determined by habit and’
dtasks demands. ‘Both simultaneous and successive processing can be L
v;involved in’all forms of information processing | |
It is therefore conjectured that in processing information,'
’external stimuli (input) are’ received through the varied senses .

:\Y.; h including the visual, auditory and haptic modalities These stimulus
N L5l o
: traces or memory traces, which are. either short—term or long—term are‘

- integrated in a sensory registry A transmission is then made to

N

\\icentral processing where simultaneous and/or successive synthesizing

"takes place., A response (output) is now formulated which determines g

L

'7and organizes individual performance or behavior.
A diagram of the above components is included 80, the reader may
:fmore clearly follow the path of a stimulus from input to output.‘

'(See Diagram 1)
Two specific cognitive techniques were. noted by Jarman (1975) as

| “iyu individually related to the auditory and visual modalities. The first S
. :

technique was direct recall of tone sequences. This was primarily
: ‘T“
v demonstratedtwith the A—A (auditory—auditory) matching tasks for the
\ S
low IQ group. The second strategy was numerical coding.v Jarman found
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.;that this’ strategy was’ dominantly used on all intra—modal visual tasks.
Then adding a parallel haptic dimension, Sawada (1979) also identified
varied haptic sensing strategies and techniques used by the subjects
‘but only speculated to related cognitive)processes. The haptic
strategies were dominated by a left to—right feeling of the’ individual
lbeads.. Although this was an expected strategy, the question,of how
this stimulus,was'encoded,_stored, and then matched to-the comparison
, sé&mulus needsﬂto be considered.f-Were the.students,counti;g cluStersy
of beads, or differentiating.the spaces between the beads, or some-
hthing.altogether different?svhow did the actual matching happen? Is
‘there a relationship'betueen'haptic'strategy and thekcognitive process‘
being used? | | E |

Althouththevabove researCh has identified~some cognitive'processes

/
.

used in SMM others remain unknown In Jarman's study the two

- matching strategies are related to ‘two modalities (auditory and visual)

&
How these were. used by the subJects for cross—modal matching is not ’

‘o'

'ﬁ‘clear.. Using factor analysis Jarman concluded however,‘that for thei
'high IQ group, all information, visual and auditory, was encoded to a:
common numerical‘code What about the middle and low IQ groups7 Was
‘ this done by the.subjects in Sawada' 'S study for haptic information7 He
identified by observation,,three varieties of numerical coding. These

' can be illustrated by considering the pattern "O C TR ) 0 eo" "
h One strategy was to cluster the dots and count the number in each

.. gToup, such as, "2, ,.3' A second technique was a variation ofi SEER :
chounting and pausing '»"1 - 2 (pause) 3, (pause) 4 - 5 - 6". The

'third strategy consisted of the number of groups, such as "3 groups .

"0f the 24 observations, only 2 occurred on cross—modal matching tasks; ‘



0f the 24 observation\;\only 2 occurred

on cross-modal matching tasks

and 12 involved the haptic (H) mode’ Twenty-two of 130 observations

occurred during,visual.tasks; . This sup

ports Jarman's findings of the \

relationship bétween yisual tasks and numerical coding.

Other strategies such as counting

For the example above, the spaces betﬁe

J'“&

" as "short - long - long 4 short - short
«of the once widely used Morse Code of "
This strategy however is highly unlikel
exposure. to Morse Code in the child’ s e
yariations‘may be present: |

A'child's early number experiences

' the'specific strategy,employed. Does ¢

v

the spaces can be speculated.

en ‘the dots may be referred to

2

This‘parallels"an application'

dit - da - da— dit - dit"
y to occur due to lack of

nvironment although some

N

— |
may also be closely related to

ounting actually’occur“in all

"cases or do the students use subitizing techniques’ When matching the

1shorter linearlpatterns (3 dots and 4 d

Ry
ots) 1s the strategy,used the

"same as that used when matching the longer lineaL}patterns (5 dots to.

o

8 dots)7 'Do individuals use the same s

(V—A) task as he does for a A—V task’

trategy forka‘visual-auditory

For a H-A task? Or for an A-A

task?, Is it possible that for'the shorter tasks no enCOdlng strategy

'1s used at all and subjects simply dete

rmine "same" o "different"

through congruence or incongruence of the perceived patterns7

Short—term Memory .

 The notion that memory consists of

N
) v e
two distinct kinds, namely

short—term memory (STM) and 1ong-term memory (LTM), dates back to. the

. turn of" the century (Muller & Pilzecker

-vstated that "short -term memory is trigg

» 1900) .. Hergenhahn (1976)

ered by sensory stimulation ‘and

11



: rehearsal were used. by the subjects._

\\\H are'combined*into 1arger units. These units contain more or less

: (covert practice) and then recall the item after a~given period of

continues for some time after, the stimulation has ceased. Exactly how,

. long the activity continues is not known, but it seems that the

information stored in short—term memory 35 available for less than a
minute' (p. 329).

Peterson and Peterson (1959) determined that the best retention

~ interval for immediate recall (STM) was three 'seconds with;the period

N . X \ i .
three to six seconds next best. In the SMM tests used by Jarman ‘and

-

" by Sawada, the time interval between the initial stimulus and'the

comparison stimulus did not exceed five seconds. -Therefore it seems

.evident that subjects needed to rely only on their STM and related

_strategies during these studies. However,,there is no indication that -

this is in fact the case or if the STM strategies of chunking and

./

Miller (1956) determined the magical number seven (plus or minus

two) to. be the average number of "bits" of information to be processed

-at a given time by average individuals. In order to increase the

number of specific items which can be absorbed into memory, certain

strategies have been found to be useful. '"Chunking" (Miller, 1956) or,

. -"clustering"‘(Bousfield, 1953) is a technique whereby single stimuli

>

b

information ‘as. circumstances permit.v A second strategy is_referred to
‘as ' rehearsal" (Helleyer, 1962, Adams 1967' Posner; 1967; Klatzky;

1971) In studies involving STM and rehearsal subjects are instructed, o

‘to repeat the stimulua either aloud (overt practiCe) or silently

[

vtime. Helleyer and Klatzky found that rehearsal does increase recall

"in STM Adams argues that the reason for such findings is that

12



practice increases resistance to forgetting by slouing'down the rate of

‘decay rather than delaying the onset of decay. In either case, the

recall of information from STM memory is more functional with the use

of rehearsal. \

B ’ » | Lo
Low IQ (below 80) has been thought to be highly reldted to a pdor

STM (Galton, 1968; Jensen, 1964; Ellis, 1963; Brown, 1974). Although

<

Haptic Sensing Strategies ‘

this point has been disputed by Wechsler (1949) it 1is generally

‘believed that STM is closely connected to intelligence. - This con- .

clusion may explain wh% the low IQ groups within a normal population:

in the studies conducted by‘Jarman and by Sawada performed most

poorly on the SMM tests and the high IQ groupsﬁperformed best. Can it

‘belconcluded that similar results would be obtained havingIYOunger

o

children‘as;subjects? ,

. "I,v .
Sawada (1979 b) observed ‘the haptic sensing strategies used by

subjects during SMM tasks involving the haptic modality. He

identified the most’ consistent’ pattern as well as common- deviations.

A left to—right technique of feeling each bead was used by 73% of the

-160 subjects. this is not surprising for tw0vreasons, Firstly, the

'leit?to-right pattern ofivisual"sensing,hasibeen firmly founded h

because of the reading program. Secondly,van auditory stimulus was -

presented in a manner such that the beginning of the auditory signal

./corresponded to the left side of the visual representation of the

) stimulus and proceeded across the pattern to end the signal at the

v‘rightgof the visual representation."

9,

13
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Another 20% of tho sample used a right*to—left#techniquc.. This
technique raises several qucationﬁ. Did thcﬁe aubjccta alao rcverﬂv
the visual and auditory pattcrns or did rcvcrsnl happen only in
connection to the haptic stimuli1? Did reversal take place during the
perception stage or during procegsing? In encoding the in}tinl
stimulus, what role if any did the STM'facilitaiora of dhunking
(Millerx 1956) and ceﬁearsal (Klatzky, i975) have? ‘\ \ N

Fusoh‘fl977, Draft Paper) reported a study by 8ell, Fuson and .

Lesh (1976) focusing on the development -of early number concepts thu

children.  Two items of interest were cited as relating to the number

word system and thc‘numbefﬂsymbol system.
1. Tﬁe values of given digits aremEXplicitli«named and these .
. names dre\read from left—to—rféht.‘egi five thousand six
i”hundred ten. | |
>~2.A The nu@ber symbols are leorned, beginning wich digits aod
position_(plcce‘vélué) and the main relation moves from’
rightéto:left;.eg:b‘thé inc&easing of si;c from.units.to
tensifo HUndredé.etc; | | | )
- In this grade/iével (grade 3 - 4) a great deal of emphasis in the
matbematics program #s also placed on the sequencing of the basic
| algorithms of addition. and subtraction. Thgse algorithms also
) N ) , : ‘
vlargely depend on a right-to-left movement.
Since Séwada~fou5§ a'significant relafionship between tﬁe
i'subjecﬁs' performance onﬁthc habtdc SMM tasks and mathLmatics
"échievemcnt; could it be that thc right-to-left sensing movement is.

related to the development of mathematical concepts?

$§0ther haptic~sensing'strétegies, identified in the remaining 7%

\\

14



15

of the sample, were feeling all the beads si{multaneously with a

finger spread or feeling the bends quickly back and forth without
feeling individual beads. Do these specific haptic strategies glve an
fndication of the cognitive processcs being used by the nubjecta? 1s
there a relationship between mathematics achievement, reading
achievement and'haptic sensing strategies? These questions still need

to be considered.
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observed behaviors, Each of these components is discussed in the

‘"\Sectionsfwhichffollow; R EE T

'Q'-classrooms in three elementary schools.. The schools were located in o
various newly developed areas of metropolitan Edmonton. Due>to theSe

locations the schools enrollment came largely from families having

fr'students, 32 from each school : The students were randomly selected

: age or school achievement.f The smaller sample,ynotéﬂ hereafter as
selected to serve as subjects for the observational study into

“5@.itestingvsession. The 32 students (Sample 1) from each school were

- - -
e | | .
v CHAPTER III B TR B
~v‘.' Lo ':v o . IT‘ ' . o o '» - : .

Seme g 'STUDYfDEsIcN'1

The design of the study consisted of %he selection of a sample, S

development and selection of tests and procedures, the administration

e H .u=<~‘,

Sa

. of appropriate tests, and the collection and recording of the data and¥»

Ve L ) AR . oo ) : RS

,UfDEsckIPIiON‘ANﬁ;ssﬁECTIbeor THE_sAMPirs, PR

SH «v f "‘ ' '_,’ R

Participan@s in the study were selected from eight grade one '_4sh.'£

f . . R ¢

¥
e

K

recently relocated into new homes and new communities..
, . ‘ ,; . ;. .

v'.]f: There were two samples selected one being a subset of the other. . f

The larger sample, noted herafter as. Sample 1, consisted of 96 ;'."

Coell

N i s : R
from the total grade one population in each school There was no

attempt made to control the selection in regards to sex, intelligence,“"
B -‘3\‘\ o ﬁ-(‘... . R

RN

éample 2, consisted of Z& students, 8 from each school ' They were'

specific haptic strategies.' This selection Qook place during the first

oo

s . : L S o o SRR : - e : , o
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randomly assigned to groups of four subjects and given the H—H

modality matching test.‘ The haptic sensing strategies of each student

»were observed and recorded After all students were tested on the~

’v- . -

V;LH-H task eight from each “school were selected on the basis of varied
v . I B

bfhaptic sensing strategies., Students were then reassigned within the P

\.groups of four subjeots to allow ‘one. and only one of . the Sample 2

@

'studentSvin'each,group.' This made possible the opportunity to video-‘”

‘tape record the haptic maneuvers of the selected subjects during each

. of the following tests. The data collected on these 24 students will

"a.‘

flbe discussed in detail in Chapter 5 IR \
'7hTHEIiESTING}iNSTﬁUMEngAv“i

"':,-- The twelve tests used with Sample 1 in this study are grouped

'ﬂinto three categories as. related to their function. These_functions-:V'iv

are:- B
| ”hflfi scholasticbachievement}g:4f1” “J‘:‘e»g'v""
/‘:e;%}jimodality matChing’ _»f:,'ffﬂﬁhi :

'75‘3;_lcognitive processing |

C ‘-'“

' Scholastic Achievement Tests -

The achievement tests used were locally developed by the Edmonton

Public School Board to" reflect curriculum changes in their schoo&

oL ’ S RN

. ‘programs.’”
- B

17
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‘fEIementary Reading Test i

The Elementary Reading Test was designed to be: administered in

‘b.three*sittingseheach of approximately‘onelhour. Of the 100 questions“'

l \
.asked Sosquestions tested word decoding and 50 questions tested

tf::reading comprehension. The WOrd Decoding section was- designed to

‘assess the following four basic decoding skills (1) Sight words ‘,to

hrecognize instantly words that occur frequently in word 1ists.bv(2).
o Contextual analysis" to anticipate and identify words by using 5

-syntactic cues, by using no- point cues and by using semantic cues.d

»

‘(3) Phonic Analysis‘ ‘to. associate phonic symbols with corresponding o
Jl'-speech sounds using single cbnsonants, using two or. three letter.y‘
'digraphs in initial final and medial positions, using single vowels R

:'and using phonograms. (4) Structural Analysis ’ to associate sounds D

'\

:and meanings of structural elements within words w1th their correspond--

o

l -
ing graphic symbols using word structures and using word endings (Test
]_uManual) r}lr Jifﬁ'sﬂ'ff ;‘a""“' A e S

.

' The Reading Comprehension section was designed to assess

1l

:_achievement as determined by the following objectives. ‘(l)f Vocabulary

‘::~$0 increase and enrich vocabulary through discussions of real

experiences, print and non-print materials. Develop and label concepts s

& ghfor describing real and imaginary animals, people,»objetts, places

_’and happenings.. Understand the use of connectives ‘to. establish word

18

';3re1atibnships.» Establish depth and breadth of word meanings in phrase SR

~”and sentence structures.; (2) Literal comprehension.- To locate and/orv

’ flwrecall detail in pictorial and printed materials, the sequence or’ "‘::'

_rorder of events or objects main ideas and subordinate ideas, :

L
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. relationships among objects, patterns, words and ideas. (3)lInferentia1 ‘
“comprehension: To infer relevant details, the sequence or order of
. events or objects, predictions, conclusions (4) Critical comprehension. -

v

‘To evaluate and/or judge ideas by detecting that which is absurd or

"'plausible 'is realistic or imaginary, is true or false (Test Manual)

The validity of the test was determined by the expert judgment of
. committees of- elementary teachers and consultants who constructed the. »,Vf o_fd

:vu'test., Study was given to determine the content validity of the test

\c

' items against the before mentioned concepts and it was determined to
: be’ valid.; - L Ly
The reliability coefficient was determined through the use of

"dKuder—Richardson 20 formula., On a scale range from 0 to 1 the_”ﬂ

:cfreliability coefficient was 0 945.‘

‘;fhlx'ﬁ

'f’{-Elementary;Mathematics SurveyﬁTest (RevisedgEdition)vvf

The Elementary Mathematics Survéy Test was designed to be *\p

' L'Zadministered in two sittings, each of approximately 40 minutes The ‘fti L

'~'test consisted of a total of 60 questions, testing the following seven

fglbasic mathematic skill areas. (1) Associate objects with numerals ,1”'
'”f’Q19:" identify two equivalent sets or sets with more ‘or. fewer members

.;bf‘Placing members Af-; set;in onebt0'onescorr¢SPOndenCeﬁjVASSEEiggé
bhEa set of objects with a numeral O through 9. kead:'write;and'order'h*
inumerals 0 through 9 (2) Geometry.ljclassify according to surfaces'l
: and shapes.»“cones, cylinders, spheres ‘and polyhedra,‘ Identify and -
7'dclassify according to shape 2 D. drawings of triangles, squares,

'firectangles and circles.: Match a 3-D shape with the 2-D representationli-@j

e
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a‘7found to be: high and the reliability coefficient was 0 88

_ﬁbd’a'litﬁy' Matching Tests |

identify the processes of addition and subtraction. Solve oral story

problems involving one. complete basic fact sentence. (4) Non—standard

. 'measurement' Compare lengths of two or more objects using terms such
'ﬁkgé "longer than ,_"shorter than ,:etc. Find the approximate length of

a given object using non—standard units of meaSure.. Compare masses off :

E

’two or more objects ‘using terms such as'"heavier than ,,“lighter'than 5
etc. Compare capacities of two or more-containers using terms such as,

more than ,‘"less than ,‘etc.f Observe the differences in. temperature

A, Al

'»‘.USing the terminology hot warm,‘cool and cold (senses only) (S)f
'vBasic facts to 9 Master the basic facts of addition and subtraction

"with sums and minuends through 9 (6) Two—digit numeration, fractions,,“

EordinaIS" develop place value concepts through,two digits.: Read
k 'derite and order numerals 0 through 99 Identify the fractions 1/2
‘:,'lldtand“1/3 Use ordinals through tenths.' (7) Time, calendar, money‘
b'y,_tell time to the hour.‘ Know the days of the week in order., Recognize 3
'-"[and state the singular value of the one dollar bill and the‘one cent,: o

”five cent, ten cent, twenty—five cent and fifty cent coins. IR

)

Test validity and reliability were determined in a similar manner'

-as that of the Elementary Reading Test.» The content validity ‘was -

\

Five modality matching tests were used The"tests were:developed'
and reported by Jarman (1975) and Sawada and Jarman (in press) (ljih~‘

‘,_uhaptic—haptic (H-H), (2)‘haptic—visual (H-V), (3) visual-haptic (V—H),

,::v&

E

of thatlshape.z (3) Addition and subtraction processes,vstory problems. '



(4) haptic-auditory (H—A) and (5) auditory-haptic (A—H) : S

Each test consisted‘of.31 items. The first five were used for

©

practice. The same stimulus patternS‘were‘contained in“all'five,tests.
See Appendix A for stimulus patterns.ﬂ Each patternvwasxcomposed'of‘a
linear array of stimuli for example, the‘variations of four components

L

‘(a) o o '.,.7 | | ”
g . ..

'7'The number of components in each stimulus array varied from three to -
, S ,

SR

’_eight. However, no item occurred where the number of components

zucontained in ‘the stimulus item ‘was. different from the number of

Y

s cgmponents in ‘the compariSOn item..: :

.’H;ptic patterns ' These patterns were produced from round i

,,‘

'f;headed map tack pins pressed into rectangular wooden rods. The.r' ";fd:?‘v

T

.'Jdiameter of the head was 4 mm, short gaps were 3 5 ‘mm and long gaps R

_were~l6 mm. Lo
. . ,/»»

Visual patterﬁs B Visual patterns were. produced as. a linear
‘j:'sequence of dots with variation created by short gaps and long gaps. :'i
len a pattern where a dot had a diameter of -one unit, short gaps were v«-s”'”

P'O 80. units pnd long gaps were 7 17 units._ The patterns were {_tfd~h"f'5a

TN

| ;pphotographed onto slides and the speed at which they were projected |

A

'7vwas controlled by impulses recorded on- an audio—tape. The projection

‘time of each.slide varied prOportionately with the length of the i em.f

' Auditory patterns » Auditory patterns were produced as



"sequences of tones recorded on an aud#o-tape}' The tones were created
) o K ' : . il .l ' .<l N N vy

by recording a soundAfrequencypof IOOd cyC1es"perAsecond for A
duration of 0 15 seconds. Variations.in patterns werefcreated‘by_

short pauses of 0 35 seconds and long\pauses of 1 35 seconds. “The

zﬂpatterns were each recorded using a left to right sequence.

Voo

In each test, an initial pattern (stimulus) was presented in one

: modality (haptic,'visual or auditory) and the student was to judge if
- it wasrthe 'same asvor-"different" from a subsequent pattern
'(comparison) presented in the matching og nonmatching modality.‘ ThUS'S.

any . item having no difference between the stimulus and the comparison

'.patterns was scored as "same". . -

s / c
by Example. Stimulus:pattern i e i ]/
‘e ® ee®. @ iU
S i : ," S o -
Comparison pattern = .~ _°
oo o °* o

An item having a correct answer of "different” cOuld have ‘a-
difference in the comparison pattern at.- any point throughout the
pattern. |

Example' Stimulus~patternj

ST SO T TR Q) o -./
",Comparisoanattern SR o -

o000 O .

or: xStimulus‘pattern‘



¥
i
]

K possible guessing._

is included separately‘in Appendix A, ‘._‘ | | ' |

\_  -Comparison pattern

After each comparison pattern the student circled '"same" or'"differentﬁ
. o L . . L o R -

on the answer'sheet_providéd,‘ All responses were scored zero for ..

; incorrect and one for corréct. No correction factors were used for

“

Since all tests had been previodsly tested (Jarman,'1975 Sawada

‘and Jarman, in press) no . revisions were considered necessary The ‘

‘introductory instructions, timing sequence and script for each test

ngtic—uaptic MatchingiTeSt.’”

A console was used (See Appendix A) which allowed the testing of

”.fourbstudents-per sitting, Both/the stimulus and comparison patterns _c"

wereipresented‘to the*subjectSnin the hapticvmode;

Haptic-Visual Matchinngestl'

This test involved the matching of a haptic stimulus pattern with

' ?3a visuﬁi comparison pattern. The visual pattern was projected through

“a Singer Caramate at eye 1eve1 of the students.

\,‘i

I

"Visualeﬂaptic Matching»Testi_

e e TR R T
The:.items in this test were converse of the items in the haptic-

I P R SRS , PR . : D
- visual matching test, the visual representation being the stimulus .

"sfpattern and ‘the comparison portion being the pattern of beads tb,feél-’

23"
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‘Haptic4Auditory Matching Test

e
e _\__N.\._ﬁ— ] N

Each item in this test: was comprised of a haptic stimulus
‘followed by an auditory comparison. The auditory patterns were .
produced by playing a prerecorded audio-tape on a cassette recorder at

. a. loudness level of a person normally talking in the room.(

: Additory;Haptic Matching Test

This test was the" converse of the haptic—auditory matching test..
- The auditory set of tones was ‘the stimulus half and the series of -

'beads was’ the‘comparison‘halfk

‘c-

" Cognitive Processing Tests

Three sensory processing tests were selected and one sensory
processing test ‘was developed These tests have been found to
' indicate simultaneous and successive syntheses, planning schemes,

fshort-term memory and chunking(Das, Kriby and Jarman, 1978)

'
4

'Figure Copyigg' -

The figure copying test used was 'a modified form of onev
,b:developed by the Gevell Institute (Ilg & Ames,/1964) ‘The;test':
consisted of four,Z-D geometrical figures and'six 3—D geometrical%
’figures.{ Each subject was to reproduce by drawing, each figure : jL

a'(top half of page) directly under it (lower half of page) Each

.//‘ 3 . ‘ o ' B .. , :\‘,
\“‘ ) s . :

B \\%\ ! . ‘A' . )
S

- item has a maximum score of two, with ‘a test total of 20 Scores per ,

24
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A

1tem were awarded as O, 1 or 2 according to the correctness of the

reproduction. The figures consisted of a triangle, avrectangle with

,*intersecting-diagonals and'midlines, a diamond in which the léngth is

‘01 7 times the height, a diamond In which the height is 1 7 times -the-

length a cylinder, two cubes in different perspectives, a rectangular .

right prism, an irregular prism having‘one pair of sides as isosceles

trapezoids andzhexagonaljright prismf Copies of the 10 figures in

i

" the test and guidelines for administering and scoring the test are,in

Appendix B. The test was selected because success intthis test~seems

to be related to the ability of a subject to envision the figure as

a. whole (simultaneous process), as supported by Das, Kirby and Jarman
'(1979) Since no time limit was placed upon the oompletion of the‘

test, a subject could repeatedly reconsider the total figure during

the reproduction process..

Digit'§pan»Test'

" The digit span test was selected to measure short ~term memory

The test consisted of 14 series of digits paired as to difficulty

llevel The examiner read a series of digits which was to be repeated

by the subJect by memory , The first two series each consisted~of Just

‘two digits while the last two series consisted of eight digits each. E
';{The-examiner read the digits at a rate of approximately one digit per

-second The subject could begin repeating immediately after each

vseries was read ‘ Each subject was expected to repeat only one series

'at any one 1eve1 correct before being given a- longer series. A,"‘

25
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" subject's score was recorded as the 1ongest number of digits

\_practice. . " i

26

repeated correctly‘ A copy of the digit span series is in Appendix C.

u R t

: Factor weightings of the Digit Span Test in several studies (Das,

e A

;“f”Kirby and Jarman, 1979) have Indicated the test’ to ‘be a measure of

successive processing..

T

_Trail Making Test (TMT)

The Trail Making Test‘orginated as. part of the Army lndividual

Test of'General ﬁental Ability (1944). 1t was'adopted”(Armitage,'

*1946; Reitan, 1955; Spreen and Gaddes,'1969' Das;51981)'to fulfill
v varied purposes. It was reported to measure planJing and the ability

‘to shift from one stimulus sequence to another. The TMT used was

divided into Parts A.and B. ' In Part A, the subject connected in

'correct numerical order encirgled_numbers (1 15) distributed randomly

. oJer page one. He then connected (on page two) in similar fashion,
~tencirc1ed numbers (1 25), the first 15 being in the precise position
as those.of.page one. In Part B, ‘the’ subject joined two, sets of non=_ -
'circled numbers having systematic patterns, one pattern for eachrof

,the two pages. Each-subject‘was also given one sample‘page for

©
'

_ b . c : )
'-Scoring was in seconds of elapsed-time. In Part A, three timings :

»were recorded.f (1) total time for page one, (2) total time;for page

two, and (3) time difference between page one and page two. In’ Part B,

four timings“Were recorded:c (1) half-time of page one, (2) full~time f{
‘of page one, (3) half-time of page two and (4) full- time of page ‘two. &

A composite time was also recorded for each sub3éct (The sum of all



) o : . . .
four full-time readings). A test copy and administration\directions

are contained in Appendix D.

A subject s ability to perform well is reflected by a low score

[

~and a subject 8 inability to perform well is reflected by a high’ score

on the ™T. This is often referred to as inverse scoring and will be
.vreferred to as such during\&he analysis of the data.

'

 Subitization Test

ey ‘

”This test was constrUCted by the\experimenter.:'Klahr and Wallace
. \ .

(1976) determined that” subitizing is a function of short- term memory
_“and occurs during a simultaneous stimulus -of five\items or less. In
"the SMM items, the longest series of dots consisted of seven individual
,dots arranged in varying clustersu The longest cluster had four dots. |

"'The test consisted of a series of 15 linear arrays of dots, each b*\u'
g . '\\
'mportrayed onﬂa.538 card. Arrays varied in lengths of 2 to’ 6 dots, each
S R ' , . T
_being shown three times._ Item sequence was randomly arranged -Test

13

items and directions for administration are contained in Appendix E.
Each»subject was given an answer sheet and a pencil.to record the
number of dots he saw in each array. Eachlsubject was ndividually .-

'tested

Summary List of Tests

The Order of the above mentioned tests is sunmarized in Table\l

* and thia order will be maintained throughout the study for all references .

" in reporting the data and analyzing the test results. o - ;;,7/

e

27



10.

11.

12,

. 'Readiﬁg Test: Word Comprehension

_ Mathematics Test

‘Modality Matching Test: 'H-V

Modality Matching Test: A-H |

Digit Span Test (Successive Prbcessing)

28

TABLE 1
TESTS USED IN STUDY
Read;ng Test: Word Decoding

Modality Matching Test: H-H o

Modality Matching Test: V-H

Modaliéy Matching Test:  H-A

.~ Trail-Making Test (Planning‘Stra;egy)

Figure Copying Test (Simpltanepus Processing)

‘Subitization Test (Chuhking.Strategy).
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PILOT STUDY

A pilot study was conducted just prior to the collecting of the
data. The purposes of the pilot study were:

1. to familiarize the researcher with the hardware and procedures
of the SMM testing. Since the items on the SMM tests were sequenéed
to an audio-tape, the abilitf to operate the testing hardware smoothly
was eséential.f-This'wés most important on the haptic tests as the
‘stimuli were exchanged mechanically by the researcher.

2. to develop an 1hterview protocol. Each subject in Sample 2
was to be interviewed after the third and fiffh SMM test. This
protocol, it was hoped;'was to include questions which wéuld not ''lead"
the child's phinking but to solicit from the‘SUbject the thinking
pa;terné being used.yhen ﬁatching ;he stimulus and compariﬁon patterns. )

3. go determine if grade one'students could interact with the
SMﬂ tasks in ;’meaningful manner.,
| 4. to assésé if the prerecorded instructions of the SMM tests
were suffi¢ienf for subjects gt the<gréde one level. It was decided
. that i% they were inadequate, additional instructional techniques
would be dévelopéd and’ﬁested. k

57"td»détermine,the instructions necessary and the amount of
time negded to teacﬁ tbe subjects how to scére their answers on the
‘;SMM'anéqef sheets.

6. to assess the.discriminating value of the subitization test.
on grade one suﬁjécts, ?he test items weré answeréd orally.

Ten grade one students were individually tested duridg the pilot
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ol o . . ¥
A .

study They ‘were selected from an independent school in the samg

‘,'metropolitan area as that of the large samples

' ©
L .

filot 'S‘tudy' Res'uits R

'vl.‘ It was determined that to maintain a smooth operation of the =
e .

17:"testing hardware, ‘an assistant was - needed This assistant'would be -
‘responsible for coordinating the movement of students in and out of
ﬂ,the testing area, the preparation of answer sheets and to assist in

"the administration of the cognitive proCess tests.,j

S

("It was observed that a. small percentage of the students e

.‘could express their thinking when performing the SMM tasks (2 out of

7';5‘10) but the majority could not Because of this finding it was

».decided to abandon the planned interviews with the Sample 2 subjects,
., B;g Table 2 summarizes the SMM 3cores\of ﬁhe ‘ten’ pilot study IR

1f;subjects and the correSponding SMM test. The SMM scores obtained do

findicate that grade one students “are. able ‘to perform SMM tasks at ‘a
-level greater than chance._ It ‘was assumed that if the H—H H V and V-H
dttests could be performed so could the H—A and A-H tests. fh

b The prerecorded instructions were found to be inadequate i,f.f

"“‘during the initial (H—H) test. An assortment of stimuli‘and response S
hpatterns were made (wooden strips, 1 cm by 30 cm, with identical

"3‘patterns to the test items) and each subject was shown thes patterns;“
'Time was\provided for the subject to handle and feel}the sequence..fr

”fJIt was found that after this concrete experienée the smbjects werev}'go
"’fiable to. follow the recorded instructionsr} Once ‘the: first testing |
lpgzsession Vas’c°WP1Et¢!‘R° additional instructionSjwere;giveh, |

e
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TABLE 2

- SUMMARY' OF PILOT STUDY RESULTS'

. Subject’

:'SMM:Iesﬁ j“ B ‘SMM'Scofé~" i 4 Sﬁbiti:atioﬁJS¢dréu:.»

o

V- SRR Y R S N R £

e
Q0

Ce BRI

fyeg T 9

.

BV 20

2 SR IR 16,

T T S RV N Y}
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._instructions.

range of the scores was from 3 to 6.i This seems to indicate a. valid

: level of discrimination in the use of this test. B ' :‘- if‘ 'J~;,;'

N

Voo ! . [EOR
O

5. A11 subjects readily understood the‘process of scoring their

“'responses on the answer sheets by listening to the prerecorded

%

- '6;r The subitization test scores are indicated in Table 2 The" *

\\__‘

&

e



. ADMINISTRATION OF THE INSTRUMENTS '

\4 .

- The instruments were administered during May, 1980 The two

.

L Reading Tests and the Mathematics Test were administered by the school

“}staff during the same time period ‘ The scores for these instruments

©were obtained from the school principals at a later time.

: A small reading room was. provided for the administration of. the

' SMM tests. Each group of four subjects was first ghven the H-H test. .-

"The remaining SMM tests were rearranged into 24 varying sequences as‘

© : '~

‘1isted in Table 3 and each group was. randomly assigned to a testing

Each of the four remaining tests was administered to all subjects

Gy

“1ndividually. There was o’ attempt to establish a specified order of

Tsubjects during these tests. Subjects were tested according to"v_'

» vavailability

Sample 2 subjects were not“given any special attention during the
. ‘ ‘\ : :

',writing of any of the 12 tests. The extra data relating to their

. i . . w
haptic sensing strategies were collected through two ‘means

cy the haptic sensing,'yerbal clues or{thinking processes and

J

- ;other behaviors relative to performing the SMM tasks.'yljhv

CZ.I'A video camera was used to record the actual hand finger

f'movements during each of the four cross—modal SMM tests.zp'i“"h

33
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~ “TABLE 3

TESTS SESSIONS PER GROUP

. IEST SESSIONS . -
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Hom
:}H—H ‘N
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" CHAPTER 1V -~

RESULTS - PART 1 - B
N SRR BEPS ' ' }

The first purpqse of this study was to provide, in part, an
o extension to the‘studies of Jarman (1977), Sawada and Jarman (1978),‘,' :
"Sawada and Perfrement (1982), and Sawada (in press) and Sawada and
- Jarman (in press) ; To support this purpose, the following discussion -
Twill include a descriptive summary of Sample l the data collected and
the results’of the analysis performed on- thé data. S

The sample selected consisted of 96 grade one students consisting 3
" of 54 boys and 42 girls. Their ages ranged from 6 years 3 months (6 3)
1to 7 years 4 months (7—4) having a mean age of 6 years 10 months (6 10)

roughout the testing period, several students, due to absences from »\

,'school missed particular testing periods. Although an attempt was :d

-made to make up these tests, six subjects were’ deleted’due to incomplete

b'fdata.y=~*

— A:_G_E'v LEVEL‘ ANALYSIS

The subjects were divided into three age groups, group 1 - 1ow |

¢

: f(6 3 to 6 6), group 2 --middle (6 7 to 6 10) and group 3 - high (6 llt-' |

"_v,to 7—4) The groups contained 27 28 and 35 subjects respectively

A total SMM score. was obtained for each subject by adding
5<together the five SMM test scores. The means and standard deviations R

”for each group are given for each group in Table 4 Using analysis

70f variance these/scores were: tested to. find if age played a- signifi—f R

4 f‘//f ;&-ift'ifl.’.ffﬁ’,»,irh'ff:‘-:zf ‘“ff;*f : }r'jf IR P



TABLE 4 o e

o

| AGE GROUP MEANS AND STANDARD DEVIATIONS

'

i

FOR TOTAL SMM SCORES .

‘GROUP - = o MEAN STANDARD DEVIATIONS

Y

Am=2 . . 6858 . 1273 .

C2(=28) 7405 11.83
3 (=35 - .8La44 _/ L 12.55

ToTAL 7486 . 1310

s
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given in Table 5.

unexpected turn of events.. During the pre data collecting period

‘cant role in the subjects' performance on these tests. The results are

g0

e

‘ Some understanding can now be given to a question posed earlier in
the purpose of the study,/are grade one subjects able to consistently
perform SMM tasks’ ‘It appears evident that the answer is a conditional
yes. Groups 1 and 2 are both below the standarngroup mean - of 74 86

however group two is only slightly ‘below: As shown in Table 5; there

is a strong significant difference between groups 1 and 3 (P 0. 003)

v

and a weak difference between groups 2 and 3 (P = 0 074) A more

[y

: careful look at the mean for group 1 (X = 68.58), indicates that their
performance is only slightly higher than chance (65) This observation,
when considered with the limited age. variance,'seems to suggest two :‘ -

‘rather significant findings. First, the developmental stage present

P \-
in students at this age. To find a significant difference between

groups 1 and 3 when the’ age difference is limited (6 3 to 7 4 1ower
and upper 1imits) is critical when interpreting data later in the 3'

study.- Second >the grade one student'represents the youngest age

) subJect, for whom this type of SMM task seems to be meaningful

This study did not obtain IQ scores for the subJects due to. an

L]

.the experimenter was informed by the school district that standardized

IQ scores would ‘be available from the school offices for the subjects.f
- However, when the data were obtained for the standardized tests, it

was indicated “that the use of ‘the IQ test was optional and ‘two of these '

A

school did not-administer‘the test,,therefore no_scoresswere ~

‘available,
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TABLE 5 -

DIFFERENCES BETWEEN AGE GROUPS.
ON TOTAL SMM SCORES

o

GROUP e MEAN’DIFFERENCE o . PROBABILITY

i-2 . =557 0 0.266

13T c12.86 - 0.003

-3 S -n290 oo




GENERAL .FINDINGS

v

‘The data that were. collected for the. 12 variables for ‘the 90

subjects are summarized in Table 6 Three observations arE noteworthy.

The Ceiling Effect

‘ The first point is’ the limited benefit received as a result of theb

ceiling effect’ present in the mathematics test scores andkthe reading
‘ decoding scores. The maximum scores were 60(X 56 22) and y
SO(X = 45, 14) respectively Upon observation it should be noted that/
bnly 7 subjects recorded scores not within + 1 stdndard deviation of
the mean in mathematics and only 9 in reading decoding. As a. result,
no attempt was made to use either of these scores as a basis for
determining varying achievement 1evels. The scores of the reading .
comprehension test ‘'were more varied but‘Without support from either
of the other two achievement tests it was- decided to not stratify the
subjects into groups based on achievement levels. |

_Why was it that more variability was not obtained on the

achievément’teSts’ The. answer to this question seems to relate:to the .

ymajor purpose these tests serve. in the 1oca1 educational program. .That.':‘

is, to measure mastery rather than ability It becomes evident that
: the reading decoding test and the mathematics test are highly content

' structured therefore the resultant limited spread in test scores.

- Parallel Support for Cognitive Tests

The second observation supports the findings of the.present'Study.

39



~ TABLE 6

_MEAN§‘AND STANDARD DEVIATIONS FOR THE TWELVE VARIABLES

'

VARIABLE TEST ~© MEAN n=90  STANDARD DEVIATION ~ .

SN

l'i, Reédiqg‘decodiﬁg ' . : : '45'1A  " '5.600
2. . Reading comprehehsioﬁ  . ' -'_ 37.53 '  f 5.122“
3;:.Ma£hematics ééﬁievémeht - _' "56,22 ) o 4,22
4. Haptic-haptic matching 1380 0 3.25
5. Visual-haptic matdhiqg;'  Cle.se 472

“6.1‘Ha§tic—visual ma;Ching | ;: ' llS.SQ ‘:‘: o .  3.60

7. Auditoryfhapticvmatching o  14:%0 ' . ‘3.12'n
8. Hapﬁiéfaﬁditoff-matcﬁing “v - 14.32-’ : lk o381

9. Traii—makihgl N ;‘ . 220;40: . 3 74;46

'10. vFigurekqopy;ng | . - o722 ~1,' 3.70
1. Digit s§én" ‘ | o - i'_a;go”‘ o 1.05

12, Subitization N 11.61 " 2.62
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year.

Molloy (1973) tested 60 grade.ones.on cross-modal (audioév19ual tasks),

. figure copying and digit span'as'part of a study to determine the

effects of age and soclo-~economic status on cognitive thinking patterﬁs.

He found that grade one students had a mean of 5.64 with a standard

deviation of 1. 33 on the figure copying test and a mean of 4.14 and a

l

standard deviation of 0. 73 on a- digit span test. These results are.

similar to present results. The figure copying test has a mean of 4.60

and~a standard'deviation of 1.05. The figure'copying tests were

scored having a maximum score of 20 and the difference between the

'~ means of the two tests was 1.58. The digit -span tests had a maximum

]

’ score of 8 and the difference"between the means is 0.46.' The differencei

could easily be accounted for by the time of the year in.which the tests

were administered Molloy administeredxhis test during~mhe middle of

the school year while the present tests weré given at the’end of the
. - . : . . . /, . ' .

Parallel Support for SMM Tests

A third .and major point in terms of the study is the e

: relationship between the means of ‘the present study and the means of

7180 grade three subjects as found by Sawada (in press)von the SMM tests}

A summary of these means . as\they relate to the five SMM tests adminis-

- tered to both samples 1s found in Table 7.' The grade  one sample had

lower means on all five tests. \When comparing the means, the V—H and
the H-V tests were the best performed by both groups with V-H tests.

having the highest means. .The means for the A-H and H—A tests arev

E reversed for the two samples with only'31ight differences for the,meanj'

41



TABLE 7

{

" ' MEANS COMPARISON OF SMM TEST BETWEEN

GRADE ONE AND GRADE THREE SAMPLES

SMM TESTS | GRADE ONE:ﬂEANS s /" GRADE THREE MEANS
n =90 , _ n= 160

\

wE 13.80 - -  18.08
V- T 1ese 2159
B-V | 15.58 : , 19,54
A-H 14,60 | - _ 17.33

BA 1432 . ©17.98




scores.

The grade one sample scored consistently lower than did the

»

grade three sample on the H-H test. This difference 15 assumed to be

two samples.

~ due in part to the different administrative sequence of tests for the

‘ ‘ |
All of the subjects in the grade one sample were given

the H-H test first while this was not the case for the other sample.

CORRELATIONAL ANALYSIS

TExPetted Results

-"The results of‘intercorrelating the twelve variables (Table 8)

’

&

.give support to the findings of the before-mentioned related studies.

It was expected (Molloy, 1973; Jarman, 1975; Kirby & Das, 1977;

lDas, Kirby & Jarman, 1978' Ashnan,m1978- Das & Jarman, 1681'

(in press) that the following relatiogjhips would be found to be

\-significant.

Subitization to be related to ‘figure oopying, mathematics

!

}« . r,b ]
Achievement tests to be

4¢: to each other.

SMM teSt results to be related tb each other.
@

Cognitive synthesis tests (figure copying, trail—making,

digit span) to be unrelated to each other

# . A

reading decodingt .

Saﬁada,

and ‘

Figure copying to be related to reading cOmprehension and to

mathematics achievement.

Digit span to_be related to readingﬂdecoding.

. Trail-making to be,related t3~SHM1tests."

a
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.

'78 Trail—making to be related to mathematics achievement.
Of these eight expectations, four are confirmed (1 3 5 8) three

" are supported to varying‘degrees,(2,4;7) and one'was;not cOnfirmed (6); AT

- . - FINDINGS AS RELATED TO EXPECTED RESULTS =~ . -

T ERS]

g . ExpeCtation”l.' The‘three achievement testsid mathematics, reading '\
vdecoding and reading comprehension‘are highly correlated (all » k_,h: e
,correlations having P-< 0 01) | This supports the theory that‘
”tmathematiCS achievement and general reading ability,are indicatpré éfv;lf
’similar cognitive processes. | S B B -
Expectation 2 Of'the ten‘correlations‘of the‘SMM tests, seven
"are significant at the 0 01 1eve1, two are significant ‘at’ the O 05 o
"flevel while one was found ‘to be: non significant vahis one involved
'fthe H—H test (intraﬁmodal)'with the A—H test (cross—modal) ~The two:
"correlations at. the 0 05 level of significance involved the H—H test
"qi;(intra—modal) with the H—V and H—A tests (cross-modal) . An interesting

'vbiquestion is raised » Is there a different process 1nvolved yhen

o performing 'an’ intra—modal task than when performing a cross—modal task°

-dThese findings would suggest such was the case 1:1»df,f - i t,f ",

«

t';‘Exp‘ctation 3 The cognitive Synthesis tests ' figure copying,

_\’hﬁ‘f'5~trai1—making and; digit span/did not correlate with each ‘other (all el

/.

H'?’correlaqions having P >» :Dl);' Trail-making and digit span did
however,show a: signifi'ant correlation at the 0. 05 1evel Das Kirby

.ufand Jarman (1978) haée shown that these tests weigh on three

“

¢

tive proc:jseS' namely, simultaneous processing, planning and

rxd*successive progessing respectively., , "3 S ”}'f fv‘rf";i":f

._/ _“\
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, Expectationié Previous testing by Das,vKirby and Jarman (1978)
indicates that simultaneous processing is impogtant to results in

figure copying, mathematics and reading decoding With the use of a .

‘-subitization.test a simultaneous process task it was anticipated

‘ that significant correlation would result with each of the three above

-} 'mentioned tests. A significant correlation was found between ‘the

subitization scores and figure copying (P <. 0 05, T = O 29)

'However there were no significant correlations found between'

lsubitization results and mathematics or. reading decoding (r = Q.OG, L

£

'Aand - = 0. 15 respectively) o j :b o f: ,”kia v:¢7

Expectation 5. Figure copying did significantly correlate with

3

_reading comprehension and mathematics (r O 26 and T = 0 27‘1 i

o respectively), both simultaneous tasks.v Although this relation was :'5'

"not as: strong as expected it is acceptable for this age of subject.

Expectation 6 Although digit span has shown 51gnificant

'”correlation with reading decoding on preYious occasions, it did not

‘relate significantly on these results (P

:r 0 10, T = O 14) In fact

'its highest relationship with an achievement test was to reading

‘ o . :
comprehension, a simultaneous process, a. finding which was unexpected

No direct explanation can be determined for the apparent reversal of o

this expectation.'uf-'f"’ o
. : a_}

Expectation 7 It was expected that the subjects abilities to

ﬁperform the SMM taSks would be highly related ‘to planning strategies

a

, htherefore highly correlated to the trail—making results. This was B

E

dd found to be true on only three (H—H V—H H~A) bf the five tests @

g(r = —0 43, r +0. 43 and r = —0 25 respectively) Perhaps this was.

g factors.; The H-H test was given to all



) oinitial formulated strategies ' A second factor‘may have‘been related‘

students first. Students' curiosity and level of anticipation would |

t‘be highest atrthis point; therefore more effort,wasiput forth by the

subjects. They may also have carefully attempted to test their ’

to the.sequence V-H itself.‘ Subjects mayvhavebbeen‘able'to better’if

RN

. match haptic'comparison sequencesvafter havinglseen a‘stimulus.
sequence since a great deal of emphasis is placed on visual activities

during this period of educational learning A final factor affecting -

the H—A test may have also affected the A-H test (only slightly 1ess

lsignificant) “The auditory signal was linear in nature as was the

P

’haptic signal v This parallelisw v&ﬁave been’recognized‘and)usedvJf

:iby the subjects as a matching stra.egy,' e wﬁ_ : _'1? :“gﬁh

'i'Expectation 8 A significant portion of the mathematics program .

. _\v

in- school deals’with algorithmic approach to problem solving Trail-ﬁf -

_making has in past studies (Das, Kirby and Jarman, 1978) been’ used to,

nificant correlation was found between the results of these two f‘
”stsv(?.<1 0,0l, r ='-0.63)..f‘

‘To aligh the statistical analysis of this study with those of =

previous studies,bJarmanf(l975) and Das, Kirby‘and Jarman (1979)- the,

- results of individual performances on the twelve tests were submitted

! ..r\

Ty
to a factor analysis. As summarized in Table 9 four factors are

.

'clearly.identified. { - ‘. s ,\
a

‘The firSt:factorcis’c%earlyvan' vhievement'factor‘with;plannings

)

.

;test individual 8 planning strategies potential As expected a ;;" e

-

47
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S ON TWELVE VARTABLES

TABLE 9

[

PRINCIPAL COMPONENT WITH VARIMAX ROTATION ,

" 48

| TEST

© COMMUNALITIES =~ 1

Reading Decoding’

Reading‘ComggehEnsion ;

T ek

A‘Méfheséticsf. o
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101

-
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Mégg,,
yggif
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3
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© e
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078
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| 0Q9 
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"Cémpoment Variance -
% Cémpbﬁent'Variancé':u H\
{ VZ-Totai;Variaﬁcé:

o Eigenvalhes' E e

.87

‘\

1000

- 65.65

2.951
37,47
2560

4216
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28.71
18.85 12.04
1.617
..
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1

1835

- 1.087

1.218

15.47
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_ 0.958
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required. 'The-tests which loaded on this factor arelreading decoding5

reading comprehension mathematics achievement, %?ptic—haptic'f

: matching, visual-haptic matching and trail—making Trail-making load—

4ing is negative because the test has inverse scoring. Due to the .
nature of the trail—making tests, it has consistently weighted to the
’cognitive process of planning (Das, 1981). The intra—modal haptic—
haptic matching is a task which involves the repeated use of only

) one sensing technique and as shown here ‘is performed by the subJects
dsing a planning strategy. The only cross—modal task performed in'f
vthis manner is the visual haptic which also weights heavily on factor

ttwor This relationship between the H—H.and V-H tasks ‘was’ also found

e present when tested‘by correlations as discussed-earlier The
ot sks performed in trail-making were designed in a manner that would

= irectly enable a subject who was able to identify a. performance

- 1pattern in the first half of each task to use that pattern to a time

’advantage in the second half of each task. | It is apparent that this :
“Aability aided the'subjects performance on '’ the H—H tasks and to a |
v ylesser degree on the V-H tests., It might further be argued that this

’ability is basic to early mathematics skills and word decoding due

'gto the heavy emphasis at the grade one level on the memorization of '

' basic facts and word recognition These assumptions give support ton,

T

\ :
~the importance of teaching problem solving skills when working with a

'.ﬂvariety of patterned sequences and to a lesser role, in subjects

.ability at word comprehension. y -Ii
Factor II of the matrix is apparently a cross-modal factor with
' minor support from figure copying These four tests (V—H H—V A—H

: H—A) have 1ow to moderate (one exception being V—H to factor one)

o"



loadings on the other factors, indfcating that they are‘performed by
. : o S BRI ‘ o
‘sa common strategy ‘The distinctivenesm of this‘factor relative to

the other factors will form the basis for some later discussion and

«

"speculation.:

v ~ The third factor is-clearly the simultaneous factor:f‘Both T

‘ figure copying and subitization have relative high loadings- .on ‘this’

‘»factor in addition with low or negative loadings for digit span.

Reading comprehension has an: expectedVWeak loading to this factor;as

" found by Kirby and Das (1977)

| Factor IV of ‘the matrix is apparently succe551ve synthesis.:k

) Digit span loads extremely high to this factor and low. or negative to
- each of the other factors Also, the ‘successive proceSsing functions

of reading decodingjis present.:’

The results of the factor analyses of the five modaiity.matching/“

’tests demonstrate and supportfpreyious findings within this smudyj
(Table 10) ThedH?H test‘continues tovgtand‘by itself, as aifactor;
with 1esser support from VeH while ‘the four intra-moda1~tests share
a .common loading It appears evideht that the coding strategies

’used by the subjects did vary when performing the intra— and cross-

7. A1

modal tasks.v This apparent change in the use of strategies .at the
grade one 1eve1 will be discussed later as it relates to the teaching
vof early mathematics education.

& In summary of the factor analyses of’theJIZ”variables,vthe factor
solution found by Das (1973 a) and Jarman (1975) was replicated |
generally in this study The variations fogmd are- notable in -

' connection with‘thevSMM‘tests_and the factors related'to theseﬂvarié

“ations for the basis for further analysis of the SMM tests themselves. '

- 20



TABLE ‘10

WITH SMM TESTS |

]

PRINCIPAL COMPONENT WITH VARIMAX ROTATION

\

TEST -

COMMUNALITIES

. H-H
v-§
Ry
A-H

" H-A

908
648
576
572

610,

066
598
729

- 756

758

* Component Variance

va;Coﬁponenf Variance

| Z Total Variance

_ Eigenvalues

3.314
100,

756.30»
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"~ studied as to their deviation from the most frequent strategy, that

C ,  CHAPTER V

RESULTS - PART 2

'Tﬁ@ second’major purpose of this study waS’to'carefullypstudy
Ithe haptic sensing strategies of a subset of the subjects. ‘The
following discussion will review in detail the selection guidelines
for Sample,z, an in—depth'analysis of cross—modal matching‘strategies'
and a, comparison between the performance of Sample 2 and the total

sample less Sample 2 on the SMM tasks.

Selection of Sample 2.

As indicated earlier all subjects were first fiven the H-H test.
/
During this test special attention was given to the specific sensing

strategy used by each individual : In particular, subjects were.
of a left to° right techniqu7 using two finoers (fingers 2 and 3 when
tpfinger 1 is the thumb) (Sawada, 1979) Since.the subjects-were

A'vdrawn\from three: schools, it was decided to choose eight within each

school. Of the 24 subjects thus selected 22 had complete data sets.

In the large sample (Sample].), when given the - H—H test, 61/ of :

the subjects\gsed the haptic strategy of a left to right (L-R)"
aE

3 movement using\fingers 2 and 3; ZOA had a 1eft to right movement

rvvusing other finger combinations, 6% used a right to left (R—L) pattern

*

: with varied finger combinations; and 134_failed to show any cons{stent,
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nattern. ihoSe who used tbe right-to—ieft‘technique nere first
:selected in choosing tbe subjects for Sample 2 Because.of.the previons
decision to choose 8 subjects per school to allow efficient testing and
Yideo—tape recording, 16 subjects were seleécted who used a L-R.movement
with varions finger combinations.and two nere cbdsen’from‘the L-R<‘
movement using fingers 2 and 3; The two students who were later :
vdeleted from the study usedbtbe LbR‘movement.with various finger 1, é:
: combinations. | |

The 12 subJects (13/) who failed to show any consistent pattern wereﬂ
‘not Selected. It was assumed.that'this behavior_was largely due to -

‘ 5 E o v L .

~ slower development (as discnssed'earlier)dand the'resulting dataf'//

would probably be non-beneficial to the study.

,\‘ . X

Methods of Data Collection

-

The haptic sensing strategies were observed during two specific
time periods. The first set of observations was recorded during the S
H-H testing session (direct observations)_and the second set was L
viewed fromAVTR taken during the other two testing sessions (VTR
observations) . Y R e s ”(
DIRECT OBSERVATIONS | .

Observations were made on the haptic_senSing‘behaviors of all
subjects (Sample 1) during the H-H SMM test. The iritent of the
observationsbbas to provide'a basis for the selection of a smaller

sample (Sample 2) and to idemtify general characteristics of the

Coé
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Vunder the direction first moved. 1In

[l

/
haptic sensing strategies used by Sample 2 subjects. .
Since only a . brief description of the haptic sensing strategies
used by Sample 1 was. included earlier, a more detailed description

~is dncluded here. Sawadd (1979) found that 73/ of 160 grade three //

students used the L-R pattern when performing intra—modal and cross-—-

' modal matching tasks. He claims ‘that "this is not surprising since

we read left to right; and the auditory pattern‘(H—A,ﬂA-H) was given
left to right" 'He did not identify'the fingers used by'the:subjects
. but he: did suggest that the use ‘of fingers 2 and. 3 (F2, F3, see

Appendix F) was the most common. If the subjects in this study who

felt L- R not accounting for fingers used, were added together, it

twould account for 81% of the total subjects tested (Sample 1)

Sawada also found that 20% of the subJects used a right to left
feeling of the beads. This compares to 6% in the' present snudy Two
reasons may account for this difference First, it Was found that
13% -of the SubJeCtS in the present study were. not' able to formulate '

‘a consistent sensing strategy or fully grasp the nature of the task

‘u and second, nearly all worE)at the grade one level including

mathematics is L-R while the computational algorithms of . addition

“and subtraction are becoming well deyeloped at the grade three level
and they are most often taught with a R-L sequence.

The other strategies which deviated from the above two techniques
in Sawada s study included simultaneous feeling of the beads, rapid

»

- back and forth movement without feeling individual heads,-starting

”feeling in the.middle of a pattern and missing beads consistently.

The first and second strategies were. identified in the present study

hll cases it ‘was L—R.. The last

54
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fwo stratégies are highly illustrative of those subjects whb showed
no'behéviof‘pattern. |

After tﬁe initial obsé:vations wére noted‘as discussed above,'more
‘spgcific obsefvatidns weré recorded for thé,subjects of Sample'2.
Attentioﬁvﬁas paid'to éix Eagegories o%%s;nsing strategieé. vThé

diétribution for ‘each of these categories as observéd,is“found in-

{
[

Table 11,
1. a. Was the initial movement a L-R seqﬁénce?

b. Was thé'inifial'movemeht_avRFL éequence? o A e
. . » . : y L ST

~2-' a. Did the subject use F1? : - | ' S
, T v :

b. Did the subject use F2?
c. Did the subject use F3? . : o

d. Did the subject use F4?

. e. Did the subject use F57 =

I
3. a. _Werg the beads felt only once?
b{ Were thé beads felt’inia back and forth movement? . Sk
;4. a. Were the beads felt in a deliberate manner? . !

b. Were the beads'felc in a sliding”manner?' .

c. Were ﬁhevbéads\felt in a spanning mahner?
@. ‘Wefe'tﬁe geads fel£ in‘éﬁ grrétic‘mannef?
f53 a.. Did the subject give indication of;sybifizafion? B - ' |
M; ' b; >Dia th¢ subjéct give indication_of rehéérsal?' |
c. Did the subject give indicétion\of another method?‘ '; ‘ . i
d, Didlthe subject give no iﬁdicapion of a ﬁeﬁhod? : /(
6. a. Was a "aiffétent";éﬁsﬁer scofgd at poinf of‘errot?’
bf Was the:céﬁpleﬁgv"differént" sfimulus felt.beforewanswé£

.«  was scored?
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The‘firstlmovement across the beads was.considered as the |
identifying trait which characteriaed a'L—R‘or R-L movement. This ‘ I
was also true where subjects tried to simultaneously feel all the
beads by spanning the entire sequence. In what direction was movement -
first.taken? | | _ ‘ o - | : !

The fingers used often determined a specific sensing strategy.

If Fl ‘and F2 were used the beads were individually squeezed as in &
pinching‘manner (referred to as subgroup x in Table 12) . If one
finger was used (F2 or F3),'a slow sliding aqgoss the beads was used
'(referred to as subgroup y in Table 12) With the use of F2 and F3
or other combinations of fingers,‘the sensing,stretegies were of three
types: (a) deliberate movenent from one bead to thelnext as in
shuffling across,.(b) a spanning of‘the total sequence, like a
farnning of the fingers and (c) a rapid back and forth movement
(referred to as subgroup z in Table 15§

~ Although many students felt the bead’sequence onlyvonce-<15 ofrzzi,

several students either felt the beads over again as in checking the ‘o . J

sequence or rapidly slid the fingers back and forth across the beads' | : :1

until told to 1lift.

A further strategy gualified the finger movements as deliberate,

Q@

a definite action; sliding, a smooth continuous action, spanning,f'
simultaneous feeling,action; and erratic, a rapidvnon-con istent.;
“action. C o

Observed strategies used by the subjects to a1d in rememhering
h » g Y o
sequences were noted v Lip movements,.talking out loud (whichﬁwaﬁﬁgk'




f
|
provided an indication of specific shortTterm memory strategles being
used. These s?rategies were discouraged Because of the disruptive
influence they had on otherlstudents beiné tested at the same time.
Another strategy which deviated from the "normal" was the
possibility to record a ”differéng" ansWe?jwithout feeiing the total
comparison sequence. Since a variétion in the comparison stimuli often
occurred at'the)ﬂeginning or in the middle of a pattern, an answer of
"diffe?entf_cbdldfeasily be determined at the point ‘'where it occurred
in the comparison sequence.
. The abofe”observations were noted d;fing the H-H tésting sessions
o ,. ' for thq,S;mple 2 ‘'subjects. It sh&uld be noted that if the subject was
not pefformipg a'specific behavior,/ité absence was ndt directly .

recorded. A summary’of_the direct observations is found in Table 11.

 FINDINGS RELATED TO DIRECT OBSERVATIONS

e

The findings as they relate to thetdirect observations will be

df%cussed as they;relate to‘mathematigs;abilxﬁy,\individual SMM tests

[
\

(H-H, V-H, H—V,’A—Hiand H-A) and the toial'SMM.scores. Mathematics
) ' ’ oo ! . E ) : o ('&“ ' H
‘scores have been'chosen over either'mead&%gwéﬁore'(decoding or - _ T

e : «

. ’ . § ,
‘cgmprehension) for two reasons. First, .the assumed connection

;ﬁgween'ﬁathemétics and the SMM :asks: VAs suggest d bija}man (1575)

; “ ‘and Sawada (in pteSs),»subjééts uéed éoﬁnting/gs qﬁ aid in métching.the
"’f,SMM'tasks.; It was also felt that chunkiﬁg (subitization) and
. rehearsingi both skillé used in the 1eafning of mathém#tics, wouldv

play an impoftant role. Second, thé assumed relationship between

mathenatics scores and haptic.sensingbstrategies.

o, -
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/| T - The means of each subgroup as determined by the direct

oy
17

g S observatiqns were calculated (See Table 12) to aid in the following
discuss:{.on.J No other statistical analysis was attempted because of the

0

e ,; - small number of observations in many of the subgroups

1. .Direction.of Movement

As discussed earlier, the subjects were divided as to- the initial

s ' ,:‘

direction of’ movement (L— R—L) It was anticipated that during the

CA-H- and H—A tests, the subjects usin ’the R—L movement (group 1—b) may

have difficulty since the auditory st imuli are presented in ‘a left to'
|

. right direction. This was found tq/be true. Group 1 b had consistently

higher mean scores than did group 1~-a on the SMM tests, except for the

»

’:qé The difference in the mean of the mathematics scores of the twor

' -groups_wanless than one,

s R I 2,1'FingerwSelectionr"

‘/\ ‘;,:".‘ The subjects were grouped into three groups according to the

.,,,

';fingers used during the haptic sensing. (x) those who. used Fl and FZI“

L",,f fr(4 subjects), (y) those who used only one finger, F2 or F3 (8 subjects),‘

SR and (z) those who used other groups of fingers (10 subjects) Little

/ ;i"i:i ‘overall differencg was seen between group X and group y- Group 2z had

\ 8 . : ' N -
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. MEANS FOR.

. TABLE

12-.

SAMPLE ‘2 SUBGROUPS AS

 IDENTIFIED BY DIRECT OBSERVATIONS

W

e

AL el

v

* OBSERVATION
" CODE

-

MATH

 TEST

H-H . V-H '

SMM ' TESTS ‘& ..

-

AR

gt

‘A-H -

H-A

.‘SMM
TOTAL .

1. 31
g

ae o e o.ow

17
5

h_lbv’

.'115

57;0
1 57.6

. 56.3
©57.1
57.5

'57.0.-
57.4

56.3
27:6.

‘56?3,{
5317

55,7

15000 18.9

16,8 ¢ 22.4

16,3
115.0

- 18.6

15.0 20.8
- "j'16:,._' 3.

14.8° ~20.5
1507
. 16.0

213
14,7

16.7

819,

“v16.45

R L2

14.8° 20.5

20,2
1.3
- 19;8ff

. /‘ S

9 20.3
22,7
19.1

155 194
14,7 21.7

16.7
1822

16.0

17.1

17.4

18.1

"16.0
18.3

16.0

19.1

16.1

19.0

16.4°
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ff%;ﬁk:
17.3 .

16.9-
147

-l4.5~:f“';
:17.3'
16.7

16.7
6.3

6.8
17.0

16.7 1

15.6
14.6
15.00 -
13.3 -
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180.8 «
81.0°
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92.5 . .
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. 85.5

TOTAL_'MEANj}Sjgi}

15.4

119.7

17.1

e

B
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Although there is
little difference between the‘marhematics,me ns,'group z was higher.
L ) . . i ., ' ) “ ‘ . A : ' " ‘k‘\.

Seven of the 10 students in group z use

three or more fingers
and three of these'seven_attempted to span th

simultaneous feeling.

total sequence,
Perhaps‘when‘students

ereAable,to get a ’
complete impression of the stimulus,,they were able to. perform better.
o

This is supported by the SMMVtotal mean for group 4-c X = 92 5)

BN Lo 3. Repeated Feelings =

_The subJects (group 3-a) who‘felt'the beads |only once did'better
on the SMM tests than did the subjects (group 3-b who repeatedly kept
".iﬁ feeling the beads It was expected that group 3=

would use;a‘short-'

\

term memory strategy in performing the SMM matchin 'tasks.' '
\ little difference (inverse factor) found between t ese groups in
/ S

There was
mathematics ability
(9 D

. Manner of ‘Feeling .
T

e
e

. \-‘-

Of the four types of feeling strategies identifi d

the(subjectsd'
who simultaneously felt the beads (group t-c) had equ 1 or. higher
scd res on the individual SMM tests.

They also had the highest SMM
totbl mean- score.

. W \\ﬂi R ‘
Those who felt in a sliding manner vgroup 4-b) had
the second highest SMM total mean score, while those wh felt 1n an’

erraiic manner (group 4 d) were lowest. - L

Although little difference was found in the mathema ics mean.
scores, between the four groups, one observgtio‘”

is noted Grouplé—d‘ -
s SR : g1 B . : E : !

, i



', Of the various strategies

. .most effective- followed b

- anong the fqg:,r'groups-

' erratic movement, /seemed to have no systematic strategy of sensing the
sment, 59 ° . ) ‘ ,

|
|

. patterns..'They dlso had the lowest mathematics mean score. The 1ack

¢ .
\u! . ‘* . U T

", of sﬂaategy development may reflect lower mathematics achievement.

\
What significance is this finding to mathematics teaching7

\_ g

N

5. Matching Strategies \

- : » ‘
1} The’twovmatching stdategies'of clustering the dots into small

groupa, often referred tol as subitization and the technique\of

‘ counting individual beads with pauses, as found by Jarman (1975) and

"4

Sawada (1979), were both lassified as subitization in this study.
dentified, rehearsing (group 5—b) was. the
subitization (group 5- a) ‘ The three g
subjects (group 5 -c) who g ve indication of a. method different from

. § L
those ‘above,- had jhe%third ighest mean while those with no: (group

bUS d) indicated method of ma ching had the 1owest mean score.

Mathematics ability as indicated in the mean scores varied little ‘

' .6. Scoting 'IDifferent”. Answers =

-gibefore they had felt the complete comparison stimulus did not score’

YN in

:v-higher<than‘those who felt’the%complete comparison stimulus (group 6=b).

:It had been expected that those who were able to recognize a "different"h

bftask early would perform better.: The inability of subjects to do this

o may then be ‘due " to some _other factor and not to understanding alone.

o

o

Unlikevthe other observations; mathematics mean scores were

Lt
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:‘higher for:groupl6—1~than for group 6-b.

. ~ . VIR OBSERVATIONS ' o

Ar

‘During'each of the 1ast‘twoftesting‘sessionsvfor each of the

‘-Sample 2 subjects, a video tape recorder was positioned so as to

* .

,recordgtheir.haptic sensing‘maneuners. The recordings were later .

reviewed'and observations noted.
'Specific_obServations.were.recorded in‘six'areas_of‘concentration.-

-

'~ 1. Did the subject continue to use the same direction of .

movementl’
.bz.b'Was the fingerlselection varied and if so to which fingers7
34 Was the manner of feeling consistent throughout the SMM tests.
~and if not.when did it;vary? | |
fA;’}Did the'subject'hesitate whenifeeling theilonger'sequences?
IS;ijidﬂthe haptic‘sensing'behavior'show loSS'of concentration ,

vduring ‘the SMM. tests7 o ',':" e e T

“ 6. :Did the subject deliberately establish the starting end point

";before feeling the stimulus7

Assuming that consistent sensing strategies would give opportunity

v

/

for better performance by‘the subjects, consistency was‘checked in

three‘areasil L—R vs R-L movement varied finger selection and manner'

E| D

“;of‘feeling It wasfexpected that if subjects varied their method of

v,haptic sensing, it Was because they were searching for a: better

v

matching strategy as they were adjusting to a different mode of

o stimulus.~l‘“

Hesitating when feeling the 1onger clusters (3 or 4 beads) in the'”x




'sequences was also noted. Were stu ents counting as'theyzhesitated.or

.were they using some other strategy

' recorded A summary of the VTR observations as they relate to the .

4

As suggested earlier, grade one students seemed to be the lower

/

he

limit for students able to perforn the SMM matching tasks.- To further ' .

.,verify this,.students'were'checked as to the level of concentration

\

'during the testing sessions.

' Although all s@udents established the starting point, ‘some
RS 1

L{ : . : X - " v

'students seemed to be over anxious in getting the right starting

,point. “This behavior‘was also notLd.

The above‘observations were n ted.during the final two SMM -

testing sessions for the Sample 2 subjects. It should again be noted“
1 -

' that if the behavior was not being practiced it was not directly

six questions identified earlier is found in Table 13. A "+" on" the

"~ table denotes a yes answer and a." 43 denotes a "no" answer. ‘All

:'of feeling are\alsoashown;

alterations in finger,uSe were. to add more fingers and.these_are

indicated. The SMM tests during which subjeets changed the manner



TABLE 13

VIR OBSERVATIONS OF SAMPLE 2 = '

L SUBJECT - . OBSERVATI®NS AS PER CODE
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+ + #
t

+ +
]
+
I

V—H . ‘ o+ » - ) +
' o+

+ o+ 4+ o+
| t
T+ o+ o+ +
1
}
I

+ T3

1
| f
+ + 0
B
B
=
o
-1
\' >
+ + o+
+
i

1
Sy
!

e
'

1
+ .

F3

o
] 1
+ + 4+
o+ o+
+
1

!
|
!
'

F3 -

+ H-A
“+ F3

+ o+ o+
1
+ 4

_ | V-H, H-V
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FINDINGS RELATED TO VTR OBSERVATIONS ‘

The findings as they relate to.the VIR observations will be

discussed in two sections: deviant behaviors and mean comparisons.

Deviant Strategies

'% .;k Question 1. Six of‘the 22 subjects changed their direction of

‘ _movement during the testing sessions: four who started with a L—R
movement went to a R~L mo?ement and two who started with a R—L‘went

,.to ‘a L-R movement. Of the four who changed toﬁ -L novement,’one was

"during the V-H test only, one showed no preference for 1-R or R-L

¢

and varied regularly, and two used a R—L movement as if checking the
sequence : One subject who went from R—L‘to L-R made thefchange on

ithe first cross—modal test ‘and the other subject changed during the

»

A-H test after he had taken. the H-A test.

3

Question 2. Finger 3 was added in 5 of 7 changes in finger
" selection, finger 4 was added once and fingers 3 and 4 were added

once. . In no instance did subjects not use the fingers which they .
: : : ' : . F ; '
selected to use on the.first'(H-H)ASMM test. |

Question 3. In summarizing‘the‘changes in sensing movement, no

consistent pattern can befidentified. Of the 8 subjects who‘switched;

3 went to a rapid back and fdrth.mOVement ‘2 reversed the direction of **

haptic sensing, 2 seemed to settle on a more systematic system'during o ‘f@wﬁ”‘
their last SMM test and orie changed to feeling the beads. only once
'.during the V—H and H-V tests. The first change appears. to be.

- related tO\individual frustration, while the last three changes age

s



probably related to individuals déveloping a more satiSfactory haptic
sénsing sﬁrategy. g

Question 4.. As discpssed earlier, 12 subjects gave indication

of subitization. Nine of these subjects also hésitated when sensing

‘?honger clusters (3 or 4 beads). Five additional‘subjects hesitated
R \ .

-~ one subjects:

on the long clusters but did not give evidence of subitization. Only

* ‘; . ' » . \u
three subitizing subjects did not hesitate. ’

, Queétion 5. Eight of the 22 subjects éhowed signs of loss of

concentrétion durinquhe testing sessions. Most of ten their hand

movement stopped'and no haptic sensing was taking place. In all

‘cases thié hgppéned'after question 25 and when taking the A-H or H—A .

'teéts.v This further illustrates the developmental limit of the grade

Question 6."Onlthé¥1ast oBservation; 6 subjects used deliberate

. actions in_estaBlishihg the starting point of each sequence. It

abpeated as. if they did not trust their first feeling of -the end
block and needed to‘firmly.estpblishowherevthe'sequence began. It

is also possible,thét-the reaction is just a nervous response tp'the

[

' testing program.

AN

Mean Comparisons As Identified By Study Questidns

<

' The means were again calculated for the subgroups of subjects as .

determined by the observations (See Table 14) .

'

S Quéstiqn 1. Those subjects who.changed direction during

the testing sessions did better on the V-H aﬂd H-V cross-

% . . . f“

/
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TABLE 14

MEANS 'FOR SAMPLE 2 SUBGROUPS AS IDENTIFIED

~ BY VTR OBSERVATIONS

68

/.‘
/
. '/‘

- OBSERVATION SMM TESTS - SMM
CODE n  MATH  H-H  V-H B~V A-H  H-A / TOTAL
1+ 16 - 56.5  15.2 19.1 16.8  16.3 15.1 82.3

15‘\» 6 . 57.4 16.2 21.2 “17.8 ° 16.2° 15.1 '86.5
2+ 7 57.4 16.6 - 19.1  17.7  15.9  15.1 84.4
- B 57,0 14.9  19.9 . 16.7  16:4  15.5 '83.5
3+ 14 57.2  15.9  19.6 - l6.4  15.5 14.7 82.0 ,
3-8 57,0  14:8 - 19.9 18,1  17.5 16.6 86.9
4w 145706 . 16.6  20.1  17.9 © 15.9  16.4 86.9
4- 8 © 56.2  13.4  19.0°. 15.5 . 16.8 13.8 78.4
5+ 8 s6.4 - 14.6  19.1 17.5  16.9 15.9 84.0
5= 140 57.8  15.9 . 20.0 16.8  15.9 15.1 83.6
6+ 6 59.0  16.8 21.0 16.8  15.8 17.8 88.7
6- 16 s6.4  14.9  19.1  17.2  16.4  14.5 81.9 .
TOTAL 57.1 1504 19.7 17.1 16.2. 15.4 83.8
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moqal‘tests and no differehce Las found in their pérfofmance on
A-H and H-A cross-modal ﬁestsn It seems apparent that subjects wh
‘chaﬁged{strategies did so beneficially; This strategy adjustmenf t
better pérformance is also reflected in a higher mathematics
‘achievement mean‘scoré{, o . | ;

Quéstion 2. Variance in the selééfion of fingers»used during | the
hapﬁi; sensiné had little ovérall difference on the SﬁM.tests as
in indicatéd SMM total'meanAscores. Little differénce Qés found in
their mathematics achievement as well;

-

/;)Question 3. After the:iﬂitial H-H test,'tpe subjects who
vé§3ustéd the manner of haptic sepéing perfofmed better on each of
the fouf remaining.SMM fests. Thése chaéges also shéwed,the 5bility
Gof-gréde one students to self-adjust pro;éssing ﬁechniques and sensiﬁg

strategies to an advaptage. |
o Queétioﬁ 4, As previousiy_discussed, subitizatioﬁ was a domiﬁént
’proceés used by suﬁjééts Sngthé;SMM tasks. The-ﬁapﬁit seﬁsing
~ strategy ofvhesitation When}§ensing the longer clusters does support
‘7:his finding. Subjecté wére%counfihg the clustered Eeads\wﬁeh
‘éerforming ;he'in&iﬁidual taéks. !A small difference in méthematic§
abi}ity:aiso Suppor£s this'fi;diﬁg.

| Qﬁeétiqn 5.. The dgvelbpéental level Qf the subjec#s again géihs
_support as it was observed thét tﬁe loss of cohbentrafion near the |
end of the testsﬁdid not affec; thé:éubjéctS'-performance. I: is
probable that the subjeétS; Whé.didjgiée iﬁdiéatiqh of this fasﬁor,
were also oniyxguessing b§‘theétimé they reached the moré difficult
‘questions.‘ | | A | | |

1
i v

LG
e



: establish the starting point, performed much better than those who'

'mathematics achievement test.

Question 6.

'

didn.t. This strategy, which may reflect the intent of the subjects s
to have a‘good beginning, as used by the subjects enables them*to

perform'better on both the SMM tests (SMM total :score) and on the

- INTERRELATIONS BETWEEN SAMPLES , |

Independent samples were determined for the purpose of .comparing

. the performance of éample 2 with the performance of the other samples.

Tow new samples were also identified. Sample 1A consisted of those
subjects who were part of Sample 1 but not part of Sample 2. (Sample 1

minus Sample 2 n = 68). Sample 1B (n = 56) consisted of those

_subjects who were part of Sample 1A but not the" subjects who were o

:unable to consistently perform the SMM tasks. A summary of the means

, . - . N

of’the mathemstics and SMM tests for each of these samples is
presented in Table 15. o

One observation is noteworthy' The subjects who had defined
haptic sensing strategies (Sample 2) performed better in all

L4

‘instances than did the other samples -ThiS‘seems to Suggest that the‘/'

L~-R movement, using F2 and F3 is somewhat inherent to the haptic

sensing SMM tasks of this type and subjects who differ from this

’ behavior do so because of developed strategies which aid'in higher

/

performancevlevels., ‘ : S . S

i

Because of the consistently higher performance by Sample 2

(Table 15) on the SHM tests it was then decided to compare the



TABLE 15
| %
i MATHEMATICS AND SMM TEST MEANS FOR !
0 o | ' SAMPLES 1, 1A, 1B AND 2 )

"

it i | ' i ) . - . ’” %’ N | '

‘ TEST , SAMPLE 1 "SAMPLE 1A SAMPLE 1B . SAMPLE 2

. i , ' o
e : n= §% . n = 68 n = 56 n= 22"

Maghema;ics 56.2 N55.9 ' | 56.9 57.1
B-H o138 13.3 13.8 154
| v 1es 185 16.1 19.7
BV 15.6 151 15.3 17.1
A-H. 4.6 L 13.9 o 14,2 . 16.2

H-A o143 140 165 15.4
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PO I ARt cognitive process tests' means. The summary-of. these means is found = o =

A ,
7
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/. TABLE 16 §

,COGNiIivﬁg;RocESS_TEsTs MEANS FOR

' SAMPLES 1, 1A, 1B AND 2

“TEST . SAMPLE 1 = SAMPLE 1A . SAMPLE 1B SAMPLE 2

w0 . . ‘n=90  n=68 - n=56 .  n=22
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The»purposes of'this reSearch'were‘centered.around two central‘

'issues.

W

selected modality matching tasks and cognitive process tasks with

the results of’ similar tasks performed by older students (grades

-:of grade one students and to determine if they were related to

4fhmathematics ability. B

CHAPTER VI
W
CONCLUSIONS, IMPLICATIONS AND SUGGESTIONS

‘ FOR FURTHER RESEARCH

e

(1) to’ compare the performance of grade one students on-

5three and four), and (2) to study the varied haptic sensing stratagies'.-

l

: ~

11 Cd clusions with Respect to Performance -;ifirilg.""

)

Subjects at thesgrade one level appear to be the youngest for’_'pﬁ

'h'the end of the SMM tests.

k;the SMM tasks.'v-f;“v f RS »%—“?ihfﬁlﬁ

‘;‘whom the SMM type task is appropriate. Support for‘this conclusion
bl.is found repeatedly during several testing situations._ﬁh”b _-‘Q"~i
fThe significantly better performance of - the older one—third /{/‘“

jof the sample, when compared with that of the other thirds. S

:vThe inability of several students to - satisfactorily performﬂ'

a7 . : )
\

- The inability of many subjects to maintain concentration to;i"

In general the established relationships between cognitive

processes and scholastic abilities were supported (Das, Kirby and

yJarman,H1978)._ Simultaneous.processing;was_supported'by a

L




relagionSh?p between figure copying’and-reading‘comprehensio . Plan-
ning skills were supported by relationships among trail—makin y _ f ,.‘ . k&
\ . -
- mathematiCStachievement and the SMM tests.A Successive prqces ing

"

was supported by its expected”correlation to digit span but not to

o

reading decoding. : . ?iv "': ' f L : L:: d\k
o The strategy of planning is most used by grade one studends in
u relation to achievement in reading and mathematics Planning \
: weighted highest with scholastic achievement in the. factor analysis
,'test while simultaneous and successive processing were very: lowi K i
Grade one students employed various skills when performing i'

L

intra—modal matching tasks and cross—modal matching tasks. Evidence

.4

‘ strongly supports that the factors tsed when performing cross—modal _f

AR -4

mskills continued to be used for the various cross—modal tests (V—H

.\_y Sy

’iH—V A—H and H~A) A different set of factors however, was

”dominantly used by the subjef%@ﬁ,;ring the intra—modal tests (H—H)Vas‘.-

"""" .

strategies and subitization strategies aid the subjec 5 62

Cqsszin
L %T_ﬂ\\\ in performing the SMM tasks. Subjects who- used consistentrandc'
\observable strategies performed better not only on the modality'tesvs
' but also on all of the cognitive process tests.‘f
As supported by previous findings (Jarman, 1975'vSawada 1979 c)
‘;;intelligience,_as indicated by higher scholastic achievement is jf'\‘w

,directly related to the ability of grade one students to perform

’,fsmn casks. Sl e ‘Lf"**",* o f“ivl'L I
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The develbpmeﬁi.level of_mostgrade*oné\subjects'is such that
the ability‘to'adjust‘or change haptic sensing strategies~isdpresent

and it_can be used‘to improve performance. S udents who altered their

(A
li

7_ direction of movement (L—R R—L) and the mannei of feeling the beads

(deliberate, sliding, spanning and erratic) did perform better than

students who,did~not make these adjustments.

Ly

Stufents who deviated from the mnormal learnkpg procedures may'not

- be the. "under;achievers" but the "over;achievers"\ This is supported

A

: by the high performance of the subjects who used R*L haptic sensing

L_three (H—H V—H H—V) SMM tests and a 1ower score od only one SMM test

:QikA;H);

J»among the subjects. Second various analysis techniquesewhich ad

-h'strategies have been compared The information given from these two

1“A.perspectives support several instructional theories used by teachers’

7have been essentially of two types.» ?irst, correlatibna

strategy throughout the SMM tests. ‘They achieved hhgher scores on Y

»n this study _hi

and factor‘..

/I
‘analytic techniques have been used to identify;cognitive strategies

Sessva@‘ o

3,
" mean levels of performance for the groups as defined by haptic sensing

)

s »

.during the early years of students formal education. However, one

'«l

seems to dominate and will be discussed here. '.lfid?" e

e e

'Developmental psychologists suggest that children pass through

"

stages of growth,,at which time specific %Paracteristics of cognitive

‘,n\

functioning appear or disappear.‘ As students -enter their formal

~
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education years,'one of the Characteristics_which appears is knownmas T

< . ; - i L)
. (2% 5

accomodation: the process of selection which assigns a learning

strategy to a- learning situation to obtain the most benefit for one's

self. R ¥
; : e

In the present study, this %haracteristic was found to be present

in many of the students as they altered their haptic and cognitive LT gﬁ'

strategies to"betteﬁutheir indiVidual-performances. A brief summary -

of support findings is now included

. "y
‘on ‘the planning strategy test (eéf

! fstudents not having planning skills ;;ector on -“ev47).';?

- .w . .
R Significant correlations were found between the scores of o =

three of the five SMM tests and the trail—making scores. The planning

i
o P

when tested on the SMM tests (expectation 7 page 46)

v

performing early mathematics conee

The first and dominant fa@torﬁ331determined‘by factor .

; sis was earlier identified to be a planning factor. Students

4. The second factor, a cross- dal factof@ indicates a- single i'» » v e

1.strategy was Used by the subjects in peﬁforming cross—modal tasks.”"‘

'}fThe ability of students to select a~varying strategy when confronted

Cwith s differéﬁéﬁ%ype of stimulus 18 seen'as an additional application Lyl

v-:of planning skills present in beginning students (factor two, page 49)

I

Y : AN

fi; }~ 5. The subjects who used a R—L movement as. a: sensing strategy

-7

| [,
did have a higher SMMemean sC o?e. Although this strategy was not .‘: 1




i~

i

. . @ o .
found to be common, it was used 1n'a definite manner having positive
results (direction of movement, page 59) . th

6. The subjects who had an erratic sensing strategy, scored
lowest in both the §MM tests and the mathematics test._ Their
inability‘to.formulate a consistent sensing strategy directly

2

affected their performance resulting in low means, often little

- better than chance (group 4—b page 61)

7. The subjects who used the sensing“strategies of rehearsing

"and subitization did significantly better on both the mathematics

ard the SMM tests (group S-b, page 62)‘3

2

8.’w The students: who altered the direction of sensing during the

SMM tests had a higher SMM* mean score than. students who did not. It.x .

A was also found that these students had higher performance levels in

yfacts.'-Educational hilosophy;has beenYaltered due;t07public:

..,..

mathematics achievement than did the students whd<USed the same’

\:‘

strafeéy*throughout the SMM testing (question'l p&ge 66) .
.9. The students in Sample 2 (selected becaUSe of hhving a

defined strategy) did better on all tests, scholastic, sensory

matching and cognitive,xthan did the other students who were t 3?;
RS oy vk S
These findings give support to instructional theories which

suggest that students need to be challenged with new situations, with

/-

_new stimuli with innovative problem solving, with creative devices.

The . elementary mathematics teacher can play a major role in the

development of the functioning and strengthening of planning skills .

and strategy accommodation in young student%

,\.::.

Traditionally, however, lower elementary mathematics is often

taught with ‘emphasis on the memorization and application of basic 3y

o
G
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utterances of "Back'to the Basics" and Accountability for Teachers

leaving little chance for the.use of. discovery and strategy
deQelopment. The findings in this study suggest. that studpnts need
tjiie allowed to self-test their plannifig skills and sensing
strategies in finding solutions to the problems they face. They need
to 1earn ‘to attach a new situation or problem.and if refuted “to
reattack with a varying strategy Students must be allowed to develop
and'use personal planning skills. This study found that students who

were able to do this, did perform consistently better not only in

‘”‘

mathematics achievement but also in various cognitive processes and

lfron the SMM tasks.f -

*% .
>, ﬁgthematics,°as ‘a discipline, allows that freedom, that

flexibility Teachers of mathematics . must give serious attention to.

o

,the development of activities which will allow young children to“"?

e

: velop, seLectrand use planning skillﬁ_and strategies.

; /
The results and conclusions of this study provide direct support

to the’ recent position taken by the. National Council ‘of Teachers of

Mathematics.l In a- position paper, the Courcil states that. "problem

t

solving be the focus of school mathematics in the 1980' ", In

defining thisArecommendation they.further'stateﬂthat the mathematics

fcurriculum'sﬁould'be'organized around‘problem'solving"land that'r

"mathematics teachers.should create classroom environments in which - §

L

problem solving can flourish" v

a

In this study grade one- students were confronted with SMM tasks

. 1
- R . . .
: « | £

. IMPLICATIONS FOR“PROBLEM SOLVING IN ELEMENTARY SCHOOL MATHEMATICS .-

79 .
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which were new.and challenging to them. The tasks were in fact
problem solving situations for the students. They were reduired to
function‘in a novel environment J Because they had. no.direct'training
in performing SMM tasks prior‘to the testing sessions they had to rely
on their personal creativity‘in selection and utilization of

'. successful skills and strategies. ‘What was the result?

.-Many of the.students performed very successfully. These students

did‘select'and plan‘varied strategieS'in performing the tasks. ,They:

did alter their orlginally selected strategies ‘to increase performance.~

levels Many students used different strategies to perform the
identical tasks. What importance is this for the mathematics educator

in light of the above recommendation°,

prﬁssuming that problem~solving is primarily a creative activity,

"wstudents should be presented w1th problem solving situations which do

'>‘~g5_

not exclusively depehd on routines and formulas This suggests that’
d }'v o,
T

'z
‘the mathematics teacher provide opportunities for students to develop

,and test a wide variety of means and strategies. Problem solving
needs to be taught With a de—emphasis on traditional formats and
Jroutines. ‘Students must'be,allowed to transfer the skills and
,strategies of'problem so{ving‘from known situations tohunknown

R

. : . ’
sit@ations,

It WaS‘also found'that’Students-changedjand varied their strategiesh

during the SMM task to their advantage. Teachers need to devise
. problems whfch demand 6f the students a: greater flexibility in
strategy and skill deve10pment and application. ‘"Textbook problems"

do ‘not. permit students to experience the full range of strategies

and abilities actually demanded in real life problems.»;;...

Ve

s i
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ft‘was'alsé_found thét the stﬁdents who'Were'Qnable to select
and plan Qaried étrategies when asked to»perforﬁ the SMM tasks were
either unabie to do so or Aid so.with a performance level equal to or
below cﬂance;(soz). I:.isxpossiblé'th;t tﬁgse studénts would have
also been successful had theyvhad more andtvafied experiences in
probiemVSOIVing activities._ Teaéﬁers of‘méthématics cannot assume

that‘suéh development will take place without specifically planned

A

cqrﬁ%pular activities. .
e, T .

B :
pE

The priﬁaryAimplication'as supported byvthe_results of this

study is to give é‘confirmed yeé to ‘the NCTM number one recommendation.

- Lower eledgntary students (grades 1-3) can conceptualize the issues

as found in mathematical problems, they can discover patterns and

Simiiarities between problems, and they can select and choose skills
‘and‘Strategies.in,finding solutions to the problems. . The teacher of’

mathematics must then alloy for the use and development of these

- . .

abilities.,‘ExperiénCES must be created which will- promote an

attitude of curiosity and exploration, a challenge to develop skills

and strategies and the satisfaction of success for ‘the élémentary '

‘ mathematics student. . . e T

.

i Ly
N
\ S\
v . .

' SUGGESTIONS FOR FURTHER RESEARCH

There are many Qirections_that researqh related to modality
matching could take. Four are suggested here.

% . ) : - . .
The first recommendation is related to the varied strategies

used by subjects on intra-modal matching tasks and cross-modal o

matching tasks as indica:e&.by the results of factor aﬁglysis.' These

’ ‘
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'with high discriminating pover, need to be developed

_this allow better comparative Judgments but would provide

, activities and the effect that training would have on individual

Xmatching strategies need to better clarified in relation to

v

simultaneous and successive synthésis and planning techniques.

@

Research in this direction could well incorporate socio—cultural

factors as well. ‘ ' O
‘ s

A second direction in which research is- needed is the replication

of the SMM testing on a wider sampling of~grade one subjects with the

inclusion of other modality matching tests.? Sawada (1979, in
preparation) did incorporate_ nine such tests in his study, including

visual-visual matching v-v), visual\auditory matching (V-A),

auditory—visual matching (4—V), and auditory auditory matching (A-A)

in addition to the five used in this study. In doing this extended

o

research, careful attention should be g1ven to the matching
strategies used ‘ ‘jt ’Qyﬁ'“
The third diteation“forifuture study 1s the use”of(achievement

tests in.connection to the presentfstudy. ‘True achievement tests,

% N

(y..

"with more direct information of the cognitive processes used by

'bdeveloping students.

A fourth recommendation is related to - the potentialjabilities

of lower elementary students to perform varied problem solving

performances. This research might be designed to use the

traditiOnal control—nbncontrol environment. When selecting‘problem’

.

-activities, the researcher should emphasize novel nontextbook type

'problems, Attention should also be given to problems having varied

3

e research:
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means of fihding a solution. Research in this direction could shape

future elementary mathematics curriculum design.
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. HAPTIC-HAPTIC MATCHING
¢

Hello. Today we are going to feel some patterns. of beads. Welafe
going to play a- game with these beads. We will sce if some of them are
the same as others; and see if some of them are different from others.

Put your hand through the gﬁff, please, and see 1f you can feel the

beads?

(Stimulus part of Example 2 is felt.) “"10 seconds

- -,

 Life youy hapd from the beads so we may give you some new beads to
feel. Feel the beads.

(Comparison part of Example 2 is felt.) . 7 seconds

Lift your hand. Did you notice that the last beads were not the
) e [N . ‘ . ) .
“ 'same as the first beads? Let's feel both of them again: Ready, feel

L ‘
the first beads.

(Stimulus part of Example 2 is felt.) 5 seconds

Lift your hand... nbw feel the first beads. And now the second

beads. )

(Comparison part of Example 2 is felt.) 5 seconds -

v

Lift your hand. The first beads were not the same as the éecond
beads, were they? Thé; were differentfrom each other. Let's feel
‘SOme bgédé that are the séme as each other;

i_Ready? feel.
(Sﬁimulus partgof Example 1 is felt.) | ) seconds'
Lift. your hand...feel. |

*

(Comparisonvpaft of Example 1 is felt.) : 5 seconds

Lift your hand. Those were the same as each other, weren't they?

How can we write on paper that they were the same as each other? On
. Lo N .



L and ‘see how we would write the answer.: Ready7 Feel.

LS T

iright answer.:'l{y

\
. for each group of beads that

-

the:paper‘in’frontvof‘you,t\relwords same:and different are written down -

‘you will feel Let's feel some more?beads

: (Stimulus part of Example 1 is felt ) f{i_' T 4 seconds

. ‘. . B "'? R o ) PR . L o - ' ‘ B “
;_Lift your hand...feel.- : E
f(Comparison part of Example 1 is felt ) o v &fseconds

©

;'Lift your hand. They were the same, weren t they7 If we 100kvat*‘f'

number 1 on". the page a circle is drawn around the word same to show

that they were the'same..y 7:f,7 . ;v_' fx\*

Let s feel the beads for number 2

[

'9'hh}Ready° Feel oyfii\frrf
fﬂfp(Stimulus part of Example 2 is felt ) "’;»Q;fh.in"i'abaecondéhfi"H
vﬁifLift your hand...feel ‘»;hA' i= : Gl T e e

h“(Comparison part of Example 2 is felt ) | ‘vf5;f’fvitjr_ 4 seeonds bffl

‘ chLift your hand. Those were different, weren 't they7 If we 1ook

c:at number 2 on the page a circle is drawn around ‘the word different to

show that they were different._

Let s feel the bead§ for number 3 :f“_;{ ,‘T,: _EAV"
Readyv\ Feel ;';,tgeéi;i-: o | e ¥

(Stimulus part of Example 3 15 felt )' SRR f'; f_ y:tAvééédnagyy :
Lift your hand...feel "fi%‘ ’ L R i
(Conpartson part of Exanple 3 1s .felt T o4 seconds

Lift your hand Those beads were different 80 a\circle has been

»\\

0~

drawn around the word different for number 3 Now, would you 1ike tov

- try- some? Use the pencil that you have in front of you to circle the

1 . : f"°‘

Dagh

*h Let 8 do number 4.'
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i”Ready’ Feel *f_: fi _ :‘ V‘ R | ;:f” ‘:d?!
;'(Stimulus part of Example 4 is felt ) f”'l_ - ;'ef¥’4‘seepnda‘
TS 1 Lift...feel e 3 : t'». o o
' | V(Coﬁparison part of Example 4 is felt ) ¥;n: : e .,a“se&oﬁdgﬁ»-
‘Lift.. - R

Y(Pause for 15 seconds ) f - ;': o . R

Did Xeu circle the word same for number 47 - That ;agthe‘right »f'

oy
answer,, o R I

»Ln,5;;,uLEtFé krybanothéf 6né,- we_wiil dofhumbér_54ggaj’~

v

'j'Feel .,\‘”'
'i(Stimulus\part of Example 5 is felt ) ; ".a‘?'_ﬁ‘l . :ra seconds Xﬁf

A;Lift...feei | ’ R R
3 3(Comparison part of Example 5 is felt ) /._fahff ~:,;z\gé5¢hdsg

v

‘Lift. | e
'Did you circle the word different for number 5‘7 Thatfis/thelright'h.'
;anawer. : L  f,f¥ : »’-;»'-f; . f:f '.'t' f'3 : ",T‘~’.,/f:a

Let s do sone mere ofvthese.‘ After each group‘of beads that yon
L feel, circle the right answer dn &our paper, to show if they were the:h,J
| same or if they were different. ,.“ive - SO ,;l‘y;' X
d*fLift...feel | o
Tifaffff-‘7f;L1ft.
‘t‘ngfTié;QISUAt'MAreurgGI,5_g='

RS

! . | ?.iv-' ’ .v T Hello. Today We are goingto. feel : Some patterns of beads. . ‘Je are L



‘jalso.going to look at sometpictUres._ All of'the'pictures will have dots

o

‘“”in them. We are going to play a gaﬁe with these beads and pictures. We-~

“ ‘will see if sbme of the beads are the same ‘as ‘some of the pictures. ‘We

”will also see if some of the beads are different from some of the pic—';"

tures. SO gy ey

Put your hand through the cuff please, and see if you can feel

7 the beads. ,L h .v.iéy(liigf o
e (Stimulus part of Example 2 is felt ) | g ‘. | 10 éeconds‘ .
Please lift. your hand off the beads.ﬁ Now let s look at the dots e
'fh;in this picture.(h':‘il_: i.:ff"., '; ?;h‘ ) t\:i i
(Comparison part of Example 2 is seen ) " y'il, N 51‘5 seconds
IDid you notice that the beads were not the same as the“dots in thefff(
’(fpicture° Let s compare them again.t"eady, feel the beads7 h;'h' |
’f“‘ (Stimulus part of Example 2 is felt ) x:ﬂ. :{;diﬂ’f( ,&;sééohdgl?yl;””
bf?;‘ Lift your hand,iand now. look at_the dots. | '{(5?_.‘bf;h(( ‘ |
' (Comparison p;rt of Example 2 is seen ) l,::{ifby ’”p ;515é56nd3' g;?:
'5];}sir ”((iill‘ The behds were not the same ‘as the dots in the picture;_were they”hif

that are the same as each other.

Ready7 Feel'- ;' ﬂ f, fyo ;_’ 1[ /.
‘ (Stimulus part of Example 1 is felt ) 1p':-‘(jvl ‘h:“ 5d;ecohdsﬁ
liii Lift your hand.. look at the dots. | . | .v' . B ’.b.
(Comparison part of Example 1 is seen ) l o tf!QWl(v1v_5Lseconds:'

'on paper that they were the same. as each other7 On the paper in front

of you, the words same and di{ferent are written down for each set of

beads and dots that we will compare.v Let_s,comparewsome,more beads, ,f'””

They were different from each other., Let s compare some beads and dots-VA

101

w !

’: Those were the same as each other, weren t they7"HOWncan We’writeV4. G
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o and‘dots\and:see-how.werWOuldiwrite‘down‘the answer.‘.
P S Ready’ Feeih o - rb
) L (Stimulus part of Example 1 isfelt ) ‘ e ] _4_1‘-;..‘4.se.conds:
B ‘Lift your hand ‘
) ‘(Comparison part of Example 1 is seen. ) SRS _'f‘ .j5 seconds
B k They were the same, ‘weren't they7 (If we look at number 1 on thev
page, -a circle isudrawn around the word’same, to show.that they were the;
same.‘_' - - '._ Coi 'ft [ ,!:f"l - |
%; 'ffﬁsf_ V:J‘“ ;»;fLet s feel the beads‘and look at the dots for number 2 TRt f .
it R Ready’ Feel ‘ o R Lol :
| - | tf(Stimulus part of Example 2 is felt ) '..';f hw e v‘4 seeondsirj
_yLift your hand 1_::. : ::@” 1€ _-3f"!' R - :
- "‘(Comparison part of Example 2 ishseen/ 'f;7ijtf},= f":ljsfseéoﬁéé“aif
‘;F The beads were different from the dots, weren 't they’ :Ifhwe‘look
‘5_ at number 2 on thebpage, ‘a- circle is drawn around the word different to‘fbﬁ
show that they were different. ;lv,,- ‘ | |
'thet s feel the beads and 1ook at the dots for number 3
Jh' iReady7 Feel 3 | | |
t}; b(Stimulus part of Example 3 is felt ) _bhlfdffi fﬂifé seconbsvk:A
v 'fh:Lift your hand:..look at the dots.” | | |
O '(Comparison part of Example 3 is seen. Y i:h :;a‘=A:ﬁ.'Siseco:ds;3'7'
i.The beads were different from the dots,.so a eircle has bee ¥~
kvi drawn around the word different for number 3 Now; ;ould you liZe to
‘ try some? Use the pencil that you have in front of you to circle the‘
right word after you have felt the beads and seen the dotsf,f_ |

Let ‘8. do number 4 now. v”‘v"

‘”Ready? Feel. j L



”.ﬁanswer.

'f‘;'Did you circle the word differen' for number 5?° That is the"

right answer.nx

the same or if they were different.

"(Stimulusvpartlof Examplen4uis'fe1t;) o '*yahseébﬁds* EE
- Lift YOur‘hand;':a” ‘,Y;i‘ ‘mi | o L ¥[' ) -
.‘(Comparison part‘of Example:4‘is seen,) | V‘\’ " ‘ﬁ “;5 seconds,g
h(Pause for 15 seconds ) :‘v‘i : | 't_:j ,v; L o

Did you circle the word. same for number 4?7 That is_the’right.‘

Let s try another one. We.will:do;numberl§.

.s(Stimulus part of Example 5 is felt ) | ultvk.“'. :_ \\>4?seconds
fLift' .:,Q . S i_;{“; ‘h” ”{,,v“ffujgé}p_. _:, \ ,T\\\\
(Comparison partvof’haample_ouisrseenijlh l;eu"fgiyx“fpsﬁseconds

"(Pause for 15 seconds )

e

\

Let s do some more “of these. After you feel .'e*beads and‘see:'

he dots, circle the right answer on your page to show ifl

: .Number_6.

Feel..

: I.‘Ji_f‘tv.'
© VISUAL-HAPTIC MATCHING. -

'Hello;j Today we are going to look at ‘some - pictures. ‘We are‘also"

going to feel some patterns of beads.: All of the pictures will have }" o

dots in them.‘ We\are going to play a game with these pictures and

Oy A,

beads., We will ‘see 1if some of the pictures are the same as some of



b

W : t : .

the beads., Wedwill‘also‘see;if some of the pictures are different from

gome. of the beads.

Let 8 look carefully at the dots in this picture.

(Stimulus part of Example 2-1s seen ) SR - 5'seconds .

Now let's feel some beads. Put your hand through the cuff so you

[

" can feel;thevbeads; vDohyouwfeel the beads!'

“(Comparisonfpart of Example 2 is felt:) ;'if. S ivIIOJSeconds“

Lift your hand from the beads. ol 0.

Did you, notice that the dots you saw. were not the same as ‘the’

3

"'*jdmbeads you feIt” Let s compere them'again.. Ready for the dots”ﬁ

1((Stimu1us part of Example 2 is seen. ) o . g ’f1y>;( 5 seconds
Now feel the beads. .f'
. (Comparison part of Example 2 is felt ) dh R d,StSeconngi_

bLift your hand frOm the beads.

N 3The dots in the picture were not the same as 'the" beads, were they”va

They>were different from.each other. Let s compare‘sgﬁg‘dots and beadsf
.that are.the‘same:as'eachfother:vi(i" "Vic‘ftﬁ;‘uiév
‘;(Stimulus part of Example 1 is seen ) -vfk = : .vi_“‘5¥seconds .
Feel the beads.- RIS T s ]
& (Comparison part of Examplebl is felt ) “h\'“‘,e’ ~1'bi 5_seconds
HLift.your handfj-p: ”bﬁm(fﬂi'u.bf"‘fh ;f‘~5f’f : ffi.av .

"‘(Pause) o "
i"'fThose were the same as each other, weren t they7 How:canbwe'

0_‘

' derite on paper that they were the same as each other7 On the‘papergt

SR

in\front of you the words same and different are written down for

;;esch,Setiof:dots and beads.that-we‘wili compare. Let s compare some -
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more doté and beads and see how we would writ

105

down the answer. '

Ready?f“

(Stimulus part of Examole‘l isfseen.)' 8 seconds
4Fee1. ’ ﬂht“ S
(Comparison part of Example’l is felt. ) /_ ‘i>‘"yﬁ - 35 seconds'

Lift your hand' They were the ﬁame, weren' 't they7 If we look at-

number 1, on_ the page, a circle is drawn around the word same, to show

that they were’ the same;

. Ready?

Let s look at the dots and feel the beads for number 2.

(Stimulus part'ofvExambieyZnis'seen.) - o *t: .5 seconds

@

S

T(Comparison part of Example 2 is felt. ) : ‘f'” E ‘g> 5 Seconds T

: ift your hand The dots were different from the beads, weren t

they’ If we look at number 2 ‘on.the page, a circle is drawn around the

word different to show that they were different.

‘Let s look at the dots and feel the beads for number 3.

:'vReadyV

" Feel.

:»t(Stimulus;bar;:ofiExampie 3 is;seen.) e S ;'f o 55seeonds
,g(Comparison part of Example 3 is- felt ) A ‘; 7:, 5 seconds

' z

IR
N,

B .beads., },

'.~Letfsjdo_number-41

Lift your hand.. The dots Were different from the beads, so a“ ';v»f;fm“'f"”

e

-_wcircle has been drawn around the word different for number 3 ’Now,'
L would you like to try some’ Use the pencil y0u have in front of you

'7i‘to circle the right word after you have seen the dots and felt the



~

HW“‘; -

Ready?

(Stimulus part of Example 4 is seeh.) Lo - 5 seconds

Feel.

(C;mparisog péft of.Exaﬁple A'is‘felt:)' - ’.' 5 secénds
Lift. . |
‘KPauSe for 15 seconds.) P
- Didquu circle_fhé wbrdisame‘fof humBer 4? That is fhe right%
".anéwe;;i‘- . | - | |

fet's try another oné.i We will do number 5;'

Ready;" | | B

(Stimulus /part of Example 5 is seen.) - . 5 seconds

Feel. / PR S R

H

(Compariéoﬁ part:of Examp1e35 is felt.) ' o 5 secéndé;

CLift.’

'(Pauségfor 1§»$ec§nds.) v
bx‘Did yodzcir;ig ﬁhé Word_diffefent'for number 57 ‘ That iS'the'
RO TR W R s R , . .
right answer.

“

Let's do séme mor;qu.thesé} After you see thé;dqts énd'feel the
’ .béadé,,ciréle thé riéh;'ﬁns&ef énvjoﬂr'pgge';o show if theyzWe:e the”
. éame}§r41f~théy}wére différeht;; : ‘ . | S |

.Ni;b;r'é;'y.:"’ L L SR

Ready?
Feel. i

Lift.
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. AUDITORY-HAPTIC MATCHING,

Hello. Today we are going to’ listen to some patterns of sounds.
We are also going to feel some beads.' All of the sounds will be little
beeps. We are going to play a game with these sounds and beads. We

will see if some of the sounds are the same as some of the beads.b-We

will also see if some of" the sounds are different from some of the beads.i‘

!

Let s listen carefully to some beeps.
(Stimulus part of Example 2 is heard ) - . ‘ . 4 seconds
Now, let s feel the beads. Put your hand through the cuff. Do
you feel the beads‘7
(Comparison part of Example 2 is felt. ) | : 10lseconds'
Lift your hand from the beads. | -
Did you notice. that the beeps were not the same as the beads7
bet S compare them again. Ready for the beeps° |
(Stimulus part.of'Example 2 is heard.) _":.: ¢ k_& seconds
Now, feel the beads. | . b
(Comparison part of Example 2 is felt.) ‘ | R 4 seconds '
Lift your hand from the beads. |
' The beeps were not the same as the beads, were they’ They‘nere
'different from each other. Let s compare some beeps and beads that‘
are the same as each other.' | B |
Ready?~"
iim‘i (Stimulus part of‘Enamplevl is heard.) ‘ :f f steconds
o Feel the beads.‘v..h | : | o i
’(Comparison part of Example 1 is felt. )v: . B 5 seconds

Lift your hand . Those were the same as - each other, weren t they’



. ¢

- show that they were the ‘same.

How can we write on paper that they were the same as each other? On the

paper in front of youy the words same and different are written. down for

"each set of beeps and beads that we will compare. Let s compare\some

3

more beeps and beaqg and see how we would write down the answer.

Ready?

(Stimulus part of ﬁxample‘l is’heard.)” - o 4 seconds
 Feel. | o -

(Comparison part of Example 1 is felt. ) : .»h t 4 seconds

< -

Lift your hand. They were the same, weren't they7 If we 1oqk:at
number 1 on the_page,'a circle‘haS»been drawn around the word same, to

"Let's listen to the beeps and feel]thedbeads for number 2.

e

) Ready? “
. _(Stimuius_partkof Example 2iisvhea§§.) 'l d.v o ' svéeconds
}Feel |

.f(Comparison part of Example 2 is felt. ) | . '-: | 4'secondsr

Lift your hand. The beeps were different from the beads, weren t
they7 If we look at number 2 on the page, a circle has been drawn
around the word different to show that they were different

1

Let' s listen to the beeps and feel the beads for number 3

Ready?

(Stimulus part of.Example 3 is heard.) S ‘ - 6 seconds
,'Feel ’

(Comparison part of Example 3 1s felt ) o 4 seconds

Lift your hand. The beeps were different from the beads, so a

S0

circle has been drawn around the word different for number 3. Now,

L . \

'b would you like'to‘try some? Use“the pencil that you have in front of

N
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i

you to circle the right word after you have heard theé beeps and~fglt

A‘the_beéds; ‘ \ ' -
- Let;s do number 4 now. . | I ‘E
‘ Ready? o o ‘ . L | : “‘\.\ _
| (Stimulus part of‘Exampie 4 is heafd.) ’ : > - 7 sécon&§
,Feel"‘B
"(Coﬁbarison'pagt‘of'EFampleLA isvfelt.) 4 éecondé
Lift. o | . ‘\
(Pause for 15 Seocﬂds.)"
‘Did y;u circle the Vord sémévfor number 47 'That fg the rfght
‘answer. | | e
| Let's try another one. >We_will'd6 ﬁumbeg 5. S
.‘Ready? | | ‘“\
' '_(Stimulus part of Exémpié 5lis_heafd,f_: o T seconds
- Feel. . d |
f (Compa£is§ﬁ part qf.Examplé_S,is felt.)_« O . . '>4 sécénds‘
ﬁift. | |
(Pausg fétvls,séconds.) - E . o
, ‘Did you circle the yofdé diffefehf‘for'nuﬁber‘Sé That is the )
A R ) T ,

 fight answer.
v Let's-dd-some more of these. After you hear the beéps and.feelﬁ
;the.begds, circle the't;ght answer on your -page to show if they were

' the*same or if they were different.

Number 6.
Ready? = _ . }

Lift,
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HAPTIC-AUDITORY MATCHIN&
Hello. Today we are going to feel some beads We are also~goiné
i to listen to some patterns of sounds. All of the sounds will be little
beepsa We are going to play a game with these beads and sounds We
will see ifvsome of the beadslare the §émg as some of the sounds. We
will also'see if‘some of the‘beads are different from some of the sounds.
"Put your hand through the cuff, please, and see if you can feel
‘;the beads. 8 , | .
(Stimulus part of Example 2 is felt ). oo o 10"secondsf
' Please liftwyour hand from the beags.
v’ﬁwNow let's listen carefully'to some beeps.
(Comparison part of Example 2 is heard ) | ' p‘ 4 seconds
Did you notice that the beads vere not the same as. the beeps7
Kﬁi Let's compare them again. : A ‘;. : _ L - L .
Ready? R e o S ~1t.:. | .’--> ' .

"'«‘L\ .

Feel the beads.

5

(Stimulus part of Example 2 is felt ) o , A seconds

Lift your hand from the ‘beads and 1listen to the beeps.

-«
w

. (Comparison part of Example 2 is heard.) T 4 seconds .-

The beads were not the same as the beeps, were they° They were\\

different from each other. Let s compare some’ beads and. beeps that \;"
are the same as each other. o ,"“ | o .(‘ - S\\\
Feel, ':‘ : ’- . .’_ J

'(Stimulus part of Example 1 is felt )\ : | R 5 seconds

Lift your hand...listen to the beeps.



(Comparison part of Example 1 is heard,) ° 4 seconds
Those were the same as each other, weren't they? How can we
~write on paper that they were the same as each other? On the paper in

front of you the words same and different are written down for each set

of beads and beeps that we will compare. Let's compare, some more beads

and beeps and see how we would write'dbdn the answer.

Ready? = . - ‘ Y
~Feel. ‘ h &
(Stimulus part of Example 1 is felt. ) o o 4 seconds
Lift your hand. ‘: _ ;(/
(Comparison part of Examble 1 is heard.) A 4 seconds.

» They were the same, weren 't £hey’ If we 1ook at number 1 on the

N

page, a circle has been drawn around the word same, to show that they

P

were the same.

“Let's feel the beads and listen to the beeps for number 2.

'7Mm®?v' - ‘ v;
Feel. | .
'(Stimnius part.bf‘Example 2}is felt.) E ' ) “ 4 eeconds
/ift your hand. - ‘.b. : vl o) 'ﬁ'
(Compariqon part of Exanple 2 is heard. ) ' "~ .5 seconds
The beads were different from the beeps, weren 't they? If we .

look at number>2 on the page, a circle has been‘drawn ‘around the word

B different to show that they were different. k

Let s feel the beads and listen to the be ps for number 3
Ready?

Feel. S \' ! /

(Stimulus part.of Example 3 is felt.) . =~ o . 4 seconds
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Lift your hand...listen to the beeps. ~

(Comparison part of Example 3 is heard.) 6 seconds

The beads were different from the beeps, so a circle has been
drawn around the word different for number 3. Now, would you like to
try some? Use the pencil you have in front of you to circle the right
word after you have felt the beads and héard the béeps.

Let's do number 4.

Ready?

Feel.

4 seconds

’

(Stimulus part of Example 4 is felt.)

Lift your hand.

(Comparison part of Example 4 is heard.) : 7 seconds

(Pausé for 15 seconds.)

Did you circle the word same for number 4? That is the right

¥

‘answer.

Let's try another one. We will do number 5.

Feel.

(Stimulus part of Example 5 1is felt.) 4 seconds

Lift.

(Comparison part of Example 5 is heard.) 7 seconds

(Pause for 15 seconds.)

Did you circle the word different for number 5? That is the

righﬁ answer.
Let s do some more of these. After you feel the beads and hear
the beeps, circle the right answer on your page to show if they were

the same or if they'were different.
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' SMM TEST PATTERNS

Pl R B . SR ;S‘Aﬁ'_“t“(‘s;)./,
sTimuLus - | - COMPARISON .- | .

ITEM )
- DIFFERENT(D)

" 'NUMBER

L exampres |
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12 fe eese e esee T B
L 15 7 le e e .- oo L ° . e . : o

16 e es e e e ese e s




{ iTEm
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S C ‘ T DIFFERENT(D)
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NAME | -

* ANSWER SHEET

ID ~°  MOD’

——————

SCH- " DATE _

"1,1- saﬁg»f_vd1£§éteﬁ;:
2. : s,a..llie | ‘"‘di;'f,.fe‘.re"t}t:"»
.l 3;' ;éémé?:;:aiffgﬁeﬁf'
e §a§§3_ }¢i%fgrép£;;f
>.$.i_»s§ﬁ¢:¢ aaifferéyfi3;]

6. . same | different.

e
[
|

ffﬁ7;']:samé”:  aifferentA;?‘

8. same  different

PhtasY

'»LV§;'"s;¢e};uQ315fé:entf:v

" }J10;f1'samég ;.&iffeféntﬁn

11, same  differemt

12, same

9. =

1 3 same different
AEC T dame o dtstetent.

Q-f Qis;“i{ééﬁéxrn:diffé?éﬂpivg

V2N

differemt  *

18.  same. . different:

.20,  same  different

bfl.g saﬁef' ‘différgnt

24. same = different.

22, ' same  -different.

23. . same - different

 i25.f; $gmé u‘!d1fféfén;~ 

26,  same  different

270 Tsame  ditrerent
28 eame  aifferent

:31;V gsémé."_’difféxénﬁ 
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' Sample Haptic Stimulus and Comparison Pattern

‘Stimulus pattern = R Coﬁpériisgﬁ.?ﬁtférr\l"

, .
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Figure Copying Test -
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Guidelines for Administering and Scoring the

Figure Copying Test

'

Each subject is"géked to makeia freerhand drawingdjust like the
one at the top of each. page. .The ten drawings are: an eduilateral
triangle, a rectangle with intersecting diagonals and midlines; a
diamond in which 1enght is 1 7 times height, a di%mond in which the
height is 1.7 times length, a cylinder, two cubes in different
perSpectives,4a rectangular.right primn anirregular prism having one
;'pair'of sides an‘iSosceles trapezoid and'a hexagonal right‘prismu
A,There is no timerlimit: Each-drawing'is,scored asko, 1; or.2l

. i
) according to the degree of correctness of reproduction. Scoring

- criteria emphasizes the maintaining of shape and Spacial relationships

0

rather’ than exact size of the drawing. The sum of ‘the individual

~

. scores was used as the test score,’

) Instructions for Figure Copyingf co ' , \

 Here is a set of 10 drawings. On. the bottom of each page you are -

[

'bto draw a picture of what you see at the top of the page.- Your drawing

1s to look just like the one at the top.' When you finish one drawing

'turn_the page and do the next one. You can use as much time as’ you
: | ' . v ’

need.” Ready? . Begin.

_General Principles for_all‘Drawings_

1. The drawing must have the correct general shape and look

1ike that which it is supposed to be.

121
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‘ ¢ o .-v‘ o [‘v.
2. The drawing should be approximatelyﬂsymmetrical.

3. Angles should not be rounded.

.4, The drawing should not be rotated

.rS. Angles must‘be ahproximately opoosite each other (except the‘
| 'triangle) |
6. Slight bowing or irregularity of lines is allowed
7. Llines should meet approximately, but as long as other criteria,
“are net. Small gaps at junctions are acceptable.f
.“8. Slight crossing and overlapping of 1ines is permitted
9; fIf two attempts are made in a single drawing, the worst L v'd -

oné is scored.

10. Provided other criteria are met, neatness is not important. -

[

" Scoring Principles Specific to Each Drawing

‘1. Triangle
(a) Nofside.may;be as'mneh as 1% tihes as long as any'otherP
IR o side. 4 ‘1 - | ' o .v'wi BRI

'(b) There must be three well—defined angles.

;

2. Rectang‘e with intersecting diagpnals and midlines

(a) The drawing must be rectangular with angles_approximately

(b) The diagonals must run from oné_corner to the opposite

one,

-

(c);.The midlines, both horizontal and vertical must run

approximately in the middle of the drawing

(d) The diagonals and midlines should intersect one another K

L -f‘. i IR R ”at‘approxinatelylthe “midpoint"'of thexdrawing.
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3, 4. Diamonds

\

(a) There must be four well-defined angles. |

.2

(b) The drawing must be more diamond—shaned‘than‘square»or

kite-shaped. I L
- (c) - The pairs of angles must be approximately opposite;
. (d) For drawing no. 6 the length of the diamond should be
/ ‘ approximately from 1% to 2 times the height.» For
| ' drawing no. 7 this is reversed.
5. Cylinder Lo -

(a) ‘The diametere of ‘the base'anddthe.top'should’be approxi=
: mately eqnaliand these:in turn should be approximately

the same as'thé height.

.(b) The base and the top lines should be curved

'f.6,7._ Cubes in. different;gerAQectives

(a) Proper perSpective must be preserved as din. the specimens.

(b) Lengths, widths and heights should be approximately equal

.y

’8, Rectangular rightggrism

. (a),.Proper perspective_musﬁgbe pfeserved-as‘in,fhe epecimen.
f4(h) Eachiside;nust'be receangular.with angles'apprbximately

90°, | ' ‘
‘(cpu The base and the_fop lines shquldvbe,parallell‘ .

9. Trapezoldal'Pfism o - . e

(a) Proper perSpective must be preserved as 1n the specimen.'

-

(h) The base line should be 1 1/4 to 1 3/4 times the length

1”of‘the.top line of the trapezoid side.z I

-~
)

(c¢) Parallelism shouldbbe‘mainfained on the end and/the top.
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10;‘ Hexagonal Right Prism

(a),,Hexégoh‘shOuld,have approximately eéuél Sidea.

(d) - Vertical réctaﬁgle should be boupded by two, ﬁear
equal parallelograms. | . |

(c).‘Léft #nd right ektreme‘angles of the héiagdn sﬁong'

be n?ar 900.

\
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APPENDIX C

Digit Span Test
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DIGIT SPAN TEST ITEMS

Series Trial 1 Trial 2

2 7-9 3-7

3 2-5-8 | 1-9-17

4 6-2-5-4 8-6-5-1

5 3-8-9-4-2 7;-3-5—9—6

6 6-9-3-7-4-2 8-5-3-2-17-9

7 7-1-6-8-5-3-4 2-9-7-3-8-4-1
8 3-6-5-8-9-1-7-4 9-4-3-7-8~6-2-1

- Instruction for Digit Span

\

I am going to say .some numbers. ListenkCarefully, and when I am
thrbugh; say'them right after me. Are you ready? (Pause; begin the
. test.) (The éigits are presénted at the rate of one per second.. All

subjects are étartedeith.the two-digit series.)

Scoring the Test Items

: When‘given the first trial series of digits and the Subject

- repeats them co;fectly, he is not required io respond on trial 2. If
- the éubject is-unable to éorrectly'r;peat a series of diéits, he is
giyen a second'sefies of  identical length./vSeries levels are
increaéed one é:ep at a time until the‘subject is unable td‘cérrectly
recall either sefiesiof any one‘length; At this time the test is
discontinued. The score is gduivaléﬁt to the highest series of digité

~ "correctly recalled. The range of the scores is from 2 to' 8.



w p
R

e

. APPENDIXD . °

. Trail-making Test, . o
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Directions fof the Trail- making Test

'General Directions

In this test you are to draw lines between the numbers on the page
in the correct order, from 1 to 2, from 2 ‘to 3, from 3 to 4 and so.on,
until the end is reached To help you better understand here ‘1s a .

practice page. Begin with number 1 and join each of the numbers in the

correct order. If you make a mistake, go back and correct it as.'

qUickly'as‘you can.. Do not erase it just do it correctly

N .

K Partyl,'Page‘One:,ZA
S [. C

This page has several numbers on it, each with a small’ circle_

around it.‘ Connect each of the numbers in the right order as. you did

ron the practice page.' Do it as quickly as you can.v Ready" Begin.

'1',(Record total time in seconds )

Part A, Page two:

This new page is similar to page one. Do it as quickly as you

1bcan., Remember, if you make a mistake, do not eraSe it, just make a

/

' fnew line to correct it. Do it as quickly as you can._ Ready’ Begin.,

4(Record total time in’ seconds ) :.? l

’Part B, Page oné:

This part is similar to the other except there are no circles f“,-'

'Jaround-the numbers. You are to draw a line from 1 to 2, from 2 to 3

133
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from 3 to 4 in the same way until you get to the end. Work as quickly "

.as youlcan.‘_If you'make an error, Cross it out and g0 on quickly.
Reédy? Begin. - (Rétord,time‘whén‘subject joins to 7 and record total
time in seconds.)

-
/

/

o SO
Part B, Page:twb:

This page is,very"similar to thé‘lést page. Do it the same way. -

rWo:k’és.thcklyvas you can.  Ready? ‘Begin. (Record time ﬁheﬁ subjéct

'joina to 10 and record total time in seconds.)

3
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SUBITIZATION TEST ITEMS

- ITtem Number ' " Dot Array . ‘ Answer Key
1 . o"o“ .. : . 3‘

2 o [ .‘ .' ‘e . . » . -6

11 | . .»_' . . . . _,.  ) | . 6
12 ‘ I ;: . . . . | ‘ | 5

15 e e o« e : !

‘Directions for Administrationv

L

,~Tﬁis test consists'of 15_itemsm ‘I will briefly show'you a’ _'

* picture which has a set.of dots on it. You are-to determine how
_ many dbts_you saw,/then write,ypurvanswer on the answer sheet. ‘Ready?
"Let‘s’bégin.' (The card is to be held up'befofe.the subjegt for

' apprqxiﬁate1y one second. Thevnext»éard,is‘shown.affer the subject

~has had sufficient time t0vrecofd'hié énsWer.)
. . g ’ ’ ‘ ) .
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o

t

" Directions for Scoriqg

Each itgm-is marked right or wrong. ‘- Two scorés afe’to be recorded.
(D ‘The total items‘right out of 15. (2) The highest.cluster ﬁumber E
(2 to 6) whiéh was answére& correctly; This 1is defefﬁined gy the‘-b
highést clustef'nqmﬁer in Qﬁich the‘subjéﬁt,had,at leést twb'o% the -

‘three test items in a specific cluster set correct. _ o
) . < .
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APPENDIX F

Haptic Sensing Observations
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The haptic sensing behaviors were observed by the expefiménter

" during two specific time periods. The first set of observations was

© .

during the H—H‘testing sgssiOn and the second set was viewed from the
Gideo tape récordings takeﬁ during the other testing sessions.
For each of the 22 subjects, the observations will-be ofganiied
in a similar manner: ‘section I, direct observations and éection iI
VIR o%sefvatioﬁs. All observations will be b ief and unedited.

Fingers~w3ne numbered for easy and consistent referencing. The

diagram below indicates the system used. Picture is shown with palm

©

A

up.
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Subject A:

o
&

*Subject B:

° Subject C:

II.

1,

II.

I.

A3
~maintained consistent pattern

140

used L-R movement o

utilized F2, F3 and F4 in a sliding action

passed over beads only once .

appeared to be counting in small grouos then
rehearsing sequence

had lfght touch on beads

used F2, F3 and occassionally F4

did’not use total allowed time during H-V and V-H

- hesitated over clusters of beads

outégg

after question. 23 and 25 respectively, concentra-

maintained consistent pattern through

tion‘wgs lost on H~A and A-H tests

hfkly back and forth from this point to

'

used L;R movement

used Fl and F2

counted total length'of serles - did not. group
first given H-V, when tested on V-H he clustereo;,

beads into small groups

in H~A and A—H haptic sequences were coded ‘to

silent lip movement

moved across beads only once l‘ o -
did not lose concentration on the longef sequences
except'on H~-A (laSt‘S) |
used L-R movement throughout

when comparison did not match with stimulus he

continued to feel total sequence

used L~R movement

h?initially not. determined technique -

seemed to develop a usable system

u§e9 'F3 " ; | " )



%

BRSS

’;Sﬁbjepij:gjg,;I_
oy \ L used F2 and F3 'f‘j.; o

R ;‘\§£§rt6d L—R on first PaSs_}a

‘riilfu‘

| ifblh— Carefully found starting POint

‘:‘fh;f S

’ "?3

\;{ .

4.

&

" Subject D: i.'

ey

’

“

Subject F: ' I.

.:_g:r;

D §

'4- relatively consistent pattern'
e had steady movement
— used L—R movement 3

L+

h - on V-H reversed to’ a R—L movement

1;— rapid back and forth pattern T

i continued with pattern throughout
t'\used L R movement f*:.v': o ;.‘“j’i.ff;r;; ;i

1r- seemed to count individual clusters
E moved rapidly across sequence PO hfg
= felt only once . v: _ﬁ‘fj\ ';’»'ﬁh;[:
’*— consistent pattern : e

- lost concentration on 1ong sequences, 30 _andh:h”

© 141

- continued with‘FBIthroughout o

'—-felt ‘each sequence only once.’f

-~ -did not hesitate on clusters e L

N

- no change on any test

g h L
g o :
- counted clusters €§i§ movement)

< used. all fingers,‘spanning total sequence . ' o 'f:ﬁ

used finger 5 to determine beginning of sequence

- continued through to end ‘p,sf:. e

L= moved*across only once using the various

fingers in sequence-'ﬁ'“

-~ hesitated over clusters

. ~

AL o0
i

[N, . -

B

--continued back and forth until told to 1ift

S - at ‘times he- seemed to have developed a system PR

- felt Beads, individually with Fl and F2 ST

IR N G

resorted to random movements v n‘ f_ jff‘ S

- hesitation on clusters seemed ‘?%imal

o . [ . . i 8
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n

;
/
7
/

used L—R movement
used Fl and F2

felt beads individually

Subject G: . I.

counted in- small groups and repeated sequence :

-

to self

:II._» deliberate actions, feeling each bead only once

felt across beads only once -

e g;f; consistent pattern throughout

recorded "different" answer at point of sequence

° where the difference occurred T A

used R-L movement -

vbvﬁb:' e tlsubjecﬁ'ﬂz T,

: ,seemed to be - counting to self

on a stimuli, sequence was felt and reversed 'ﬂf

(lip movement)\\

nces used F2

‘-QII;. .on short‘sljj

on longer sequences used F2 and F3

felt sequence only once e

carefully determined startin ’position

failed to complete long Sequences in A—H and H—A
'q? hesitated when feeling clusters O ,v’lff'_

- ,‘ used R—L movement
‘uu-used F2 F3 & F4
easily distracted ; E;quzﬁrﬁ‘

kT ol

lost attention on 1ong sequences

scatters F2 F3 & F4 across total sequence

l

shifted to L—R during first cross—modal test (H-V)f;{ _dﬁ71'b

//continued L—R throughout

: -./?- hesitated on clusters :”l'aff?dﬁtiﬂ.h
’:lj_~ gently slid over»beads, did not individually
| feel the beads ' S v.' l:v.., L
- v - lost interestf o longer sequences with audio
B € L (H—'A A-H) B Do e sl foi it

EYENEREE




- - used L-R movement

- countedgcluster groups and rehearsed (1ip

movement). .

: —“used F2 F3 and F4

- moved across beads ‘only once

—,used F& to locate beginning of sequence

’,.--slowly slid across

J‘;'—'used consistent method throughout ] '_fyc 55 o

Subject J: . I.
B s
' Subject K: L.
e Lo ) BEEAE ¥
? II.
v e ;
: e
. -Subject L: .~ I.
11.

AR T
"o subgect MY 1L

o

T

- felt total sequence before scoring answer -

—’felt slowly across in L-R: then used back and
: forth methdd for duration of allotted time

pe;recorded answer as .s00n as error Was found on
_‘:‘H—H comparison even though he continued to moveh'
‘ h;dback and forth B '
v%fused F2. and F3 : AR
:~é slid fingers lightly across the beads -

{i‘+’haptic action seemed to be due to lack of

_ understanding

'ff?did not hesitate over clusters =

.—‘used R-L movement

ﬁ}7used F2 and E3 at the beginning of sequence

'and only F2 at the end

e

- seemed to be counting

:-Tslid across sequence only once .
“ f_é;did not feel individual beads '

”féjsensing method repained consistent throughout

.except for a short period during the H—V test

= hesitated oh longer clusters

- used L R movement
- used Fl, alternated with F2. & F3

o regularly altered to RrL sequence, showed nor.

strong performance

Vdd?§§§§idsh
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II.

’Subjecth£‘ ’.»i{yﬁ_{&

:$ub5eCtht- » pI.

"period_.."

_{hesitated on large clusters

I
' frapid sliding back and forth

2

'pressed hard on each individual bead

moved across total sequence on all questions

rhesitated on longer clusters' EE

appeared to realize that each sequence

tcontained the same number of beads ;

i

‘iR:movementf‘ » e
F3 and F4 . T R

- went LHR'then returned R—L

tried to span total sequence e

'seemed hesitant to move hand .
_“would occasionally tuck F3 back against palm
fof hand F R

;hesitated over- long clusters | >w1 ft
:hmoved fingers ‘over beads just once

’seemed,to be;counting‘in groups

M .
&

‘iused L—R movement to begin with ‘
iused F3

oL

(% no deliberate feeling of beads

continued to evenly move back and forth

‘ - ) ST

until told to liftv ,g~ T ?

used method throughout tests

N
ce

. !
[ ' B . -

used L-R movement. -

wed F2onty |

;slid across ‘beads only once

frecorded "different" answer at point of error

3

'method remained consistent throughout testing -

- ..ﬁseemed o be confirming sequence in reverse order’
II. - |

::vdid not record answer until he was told to lift

,

144

seemed to. be rehearsing cluster sequence, 1 3-1 ,f'“

.

Sl




'.(1ip movement)“”l
II. - sometimes used F3
PR R R ~v4brepeated long clusters“ '
: - often on "visual" stimuli, would check haptic
;sequence by going R-L° ;
. ,H - as H-A test progressed used only L-R
S "Zf\§.,‘< o E ';'%.predominantly used F2 -

o ?éubject Qﬁfﬁ_<;1.b3— used L—R movement

4‘31"fdg“f . fi‘pib 11?.slid lightly across sequence only once

o N l .(b'—lseemed to be counting varied clusters 1_3_
| "tj\i¥:recorded decision quickly often at point
o R ~of error- , ' o ‘

. b::;_:r:fid(ibll, 4jmethod was - abandoned on’ 1ong "A"lsequences
o S passed over sequence only once ’

=, sometimes: used F3 .

- r'F2 used as a slide to ‘go’ over the beads

{,‘
T

.’A{:;F ﬁiéﬁBjEQt'R:. ";FI,: 4lused Lﬂﬁ movement
A LR - - used F2, F3 and F4

f@_- sporadic movement o i
b_ - felt large clusters by attempting to cover ﬁ{

_ . all beads: at one time s _
'Ilr'n—‘felt beads in rather nonchalant method _ v
- hesitateévover 1onger clusters whén attempting o

'7to feel them all at once-‘

‘4~continue with similar pattern throughout

;bSubjecth§[li- I. 'é started feeling sequence with L—R but continued
S i”:to feel back and forth quite rapidly

- used F2, F3 & F4 .

v? did not record answer until told to do so '

'_k'—'seemed to count sequence;_1-3el and rehearse' ‘
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o
L]

S S kept-fingers’actiVeiuhtil_told to lift
- F2 used'morethminantly B
- seemed to have‘no.definite pattern
- on H-V & V-H tests he covered beads only once-
a‘back'and forth action continued;on H-A & A-H

Tt
/
/

_ Subject&T: : ,,I,:[—.used R-L movement
e - used F2 & F3
'—:rehearsed sequences after counting (lip movement)
‘—'made quick. decisions and recorded answer |
A _ » ‘ v 1;immediate1y . '
R - ‘;j‘ g I f,on ‘H-V & V—H tésts' continued using R-L -
‘ ; “}V_ijh. o 1‘l : ‘_4rfelt beads only once '
o | FQ'hesitated over clusters _ v
jrl—31et hand rest. on beads after feeEing them
J‘:until told to lift ' '
S ff'continued with R-L on H-A
| '.fvwent to L-R on A-H. (third test)

:“:SuhléC¢ Uift'va."? used L-R- movement

DREE T | .-fused F2 v
[ elslid across sequence only once _
'} —:subitized clusters and rehearsed sequence‘.

IZII{VIQ consistent "comparison" before recording answer 4
"flon A—H (fifth ‘test) began to deliberately feel
each bead with FI & F2 ~ . * T
"f.f‘ s did not stop feeling sequences at point of error:' :

—foccasionally used F3

.";éubject'V£'1"';I.f'f'wentfback and‘forth7movement withdpfglf,ﬁ-= O
foe s T =Tused P2 G '

. B L continued feeling until told to 1ift

I

itated on 1ong clusters :

PII. - hes

sometimes used F3 & Fa

on V-H & H-V felt beads only once'::'




