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CHAPTER I 

THE PROBIEM OF ANALYSING EYE-HAND COORDINATION 

1. Introduction 

The determinants of success .in eye-hand skills. - -Many attempts 

have been made to explain the phenomena of eye-hand coordination •. 
11 y 2.1 

Physical education researchers such as McCloy~ Brace, Fox,. apd 
y 

Sinclair and Smith have used both subjective and e~rimental 

technicpes to study the dynamic processes involved in eye-hand 

21 
coordination. Psychologists and physiologists such as Helmholtz, 

y 11 
Wundt, and Morgan have studied visual phenomena. Reading 

specialists have not only accept~d the contributions of these 

researchers and of the medical and optical laboratories, but have 

yc. H. McCloy, "A Preliminary Study of Factors in Motor Educability,n 
Research quarterly (1940), 11.2:28-39. 

:?/D. K. Brace, Measuring Motor Ability. A. S. Barnes and Company, New 
York, 192?. 

l/Margaret G. Fox, 11Lateral Dominance in the Teaching of Bowling, 11 

Research Quarterly (December, 1957}, 28.4:327-331. 

y'caroline B. Sinclair and Inez M. Smith~ llLaterality in Swimming and 
Its Relationship to Dominance of Hand~ Eye, and Foot, 11 Research 
qaarterly (December~ 1957), 28.4:393-401. 

if'E. G. Boring, A. History of Experimental Psychology:, Appleton-century­
Crofts., Inc.~ New York, 1929, pp. 89-92. 

2/Ibid., p. l04. 

'l)c. T. Morgan, Physiological Psychology, McGraw-Hill Book Company, 
New York, 1943, pp. lbl-218. 

-l-
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also developed their own specialized research of visual phenomena and 

physiology as related to reading • 

.Among the writers who have considered the phenomena of eye-hand 
y 

coordination, one stands out sharply. McCloy suggested that we identify 

a number of variables in motor coordination and proceed by experimentation 

to dete~e the relative importance and effect of these variables. 

Identification of variables in eye-hand coordination. - -- - y 
Strength, speed, and accuracy have been suggested by Fox as basic hand 

J.! . 
factors in eye-hand skill. Morehouse and Miller suggest that tension 

may be a factor. Eye variables to be considered may be distance, 

binocular dominance and monocular eye preference. Depth perception and 
. . ~ 

peripheral vision have been suggested as determin~mts of success. The 

work of other researchers indicates that vision may be further determined 
21 . 

by psychologi~al states and conditions. It thus becomes apparent that 

the identification of specific variables in eye-hand coordination, as 

was suggested by McCloy, ma:y be a ·difficult and complex undertaking. 

yo·. H. McCloy, op.cit., pp. 28-39. 

,g/Margaret G. Fox, op.cit., p. 328. 

2/L. E. Morehouse and K. T. Miller, Jr., Physiology of Exercise, C. V. 
Mosby Company, St. Louis, 1959, p. 63. 

]JjK. c. Coder, An Investigation of Relationships between Certain 
Psychological Capacities and Motor Abilities of Athletes and Non­
Athletes .2n the !!!gh School Level, Unpablished Doctoral Dissertation, 
Boston University, Boston, Massachusetts, 1954. 

2JE. Engel, "The Role of Content in Binocular Resolution, 11 American 
Journal of Psychologv (March, 1956), 69.1:8'7-91. 



2. Purpose of' the Study 

Statement of the problem. --The purpose of this study was to 

compare success in eye-hand caordination to (l) selected visual factors, 

(2) selected hand control factors, and (3) certain dynami~ integrations 

of visual and manual abilities. 

The problem may be further de:fined as attempting to .answer the 

following questions: 

(l) 

(2) 

(3) 

(4) 

Is eye-hand skill chiefly a resultant of s pe,cific eye and 
hand variables? Or is j_ t a dynamic, non-factorable 
variable in itS: .own right? 

Do these vari_ables transcend distinctions of skill levels 
and/or sex distinctions? 

.Are the.re s.ome identifiable factors which distinguish 
highly skilled persons from i_ndividuals with poor skill? 

After a review of the literature, what factors in eye-hand 
skill appear ~o be undefined? 

Potenti_al contributi_ons Qf research in this area.--By determining 

and evaluati_ng the variables of eye-hand coodination, more efficient 

methods of teaching and/or predicting eye-hand skill may be evolved. 

3. Conduct of the Experiment 

The researcher practi_ced the techniques and testing procedures at 

the Universi_ty of Dayton during the peri_od of November, 1958 to Jruauary, 

1959. Thirty-five undergraduate students of both sexes were used to 

determine the exact tests which would be used and the procedures which 

would be followed. The main portion of the experiment was conducted 

at Boston University during the period of March to July, 1959. 

3 



3 a 

One hundred and thirty students of both sexes ( o:ne hundred male and 

thirty female) were tested. 

A battery of eye-hand test items was administered to each subject. 

The battery consisted of four tests of hand control (tapping, 

steadiness, peg board and grip strength); three tests of vision 

(monocular eye preference and binocular eye dominance at near and far 

distances); and one measure of the subjectts ability to coordinate eye 
- l/ 

and hand in a dynamic skill situation (dart throwing).-

4. Definition of Terms 

2/ 
MONOCULAR EYE PREFERENCE: according to Jasper,- refers to predominant 

eye-preference in. monocular sighting, such as is measured by the 
manoptoscope; i.e., the subject in reaJ.ity makes a ttchoice11 of 
which eye he will use, and tre otber eye sensations are temporarily 
Hignoredtt. 

3/ 
BINOCULAR EYE DOMINANCE: accerding to Jasper,- refers to lateral 

dominance in visual perception. 

~/ See page 25 for a discussion of the selection of test items. 

2/ H. H. Jas:r:ar and E. T. Ra.ooy, liThe Phi Test of Lateral Do:m:i.Jaance,u 
Imerican J ouraal of Psychology:, (July, l93 7). 49 :45l. 

2.1 ~., p. 45l. 



CHAPTER II 

REVIEW OF LrrER.ATURE 

1. Approaches to Eye-Haad Factors 

Introduction. - - Scientists have been interested in the physiological 

and phenomenological aspects of vision fer centuries. Newton (Optiks, 

1704) knew of the persistence of sensatioB, or after-image. Muller (1826) 

found that after-images move with the eye. Purkinje (1825), Young (1860), 

Helmholtz (1866), and Wundt (1862) are but a few who made contributions to 
1/ 

the study of visual physiology and phenomena.-

In the last century there has been a tendency toward the subdivision 

of sciences into specialized areas. We find visual exper:imentation falling 

into the areas of physiology, optics, ophthalmology and psychology. Many 

researchers have studied the area of eye-hand coordination and the related 

fields of visual perception and motor control; there are still questions 

to be answered, particularly with respect to (1) psycho-physical phenomena 

and (2) integration of eye-hand sensory-motor patterns. 

Recent studies in physical education. - - Studies by Sinclair and 
2/ 3/ -

Smith- and Fox - are typical of many found in the professional physical. 

education literature• They approach the problem of coordination or skill 

!J E. G. Boring, op. cit., pp. 97-105. 

~/ Caroline B. Sinclair and Inez M. Smith, op. cit., pp. 393-401. 

2./ Margaret G. Fox, op. cit., pp. 327-331. 

-4-



from the concept of a lateral dominance variable. The results of such 
y 

studies are definitely in agreement with the results obtained by Vogel 
y 

and Irwin over twenty years ago: (1) there is not a lateral dominance 

factor which significantly determines success, and (2) the preferred 

hand or side appears to be more closely correlat~d with skill than the 

hand or side which may test as dominant. The fact that the preferred 

hand may riot show up in tests as ttdominant 11 .may be due to (1) inadequate 

tests or (2) socio-cultural determination of the preferred hand, as 

opposed to the natural superiority of one hand or side. 

Ojemann suggested in 1930 that stunt tests of lateral dominance were 

21 
not valid determinants of dominance or laterality. Many of the studies 

of lateral dominance in physical education are of the stunt type. 

The question of what determines success in skilled, coordinated 

activity has prompted some investigators in physical education to attempt 

the schematic identification of certain ltbasicll factors. As long ago as 
y 

1937 McCloy suggested that the introspective methods of determining the 

most essential determinants of skill were little better than blind trial-

and,-error nethods. He suggested that a proposed list of basic skill 

yo. H. Vogel, 11Relationship ·of Donri..nance to Acts of Skill, u Research 
Quarterl~ (October, 1935), 6.3:15-18. 

3/L. w. Irwin, UA study of the Relationship of Dominance to the 
Performance of Physical Education Activities, 11 Research Quarterly, 
(May, 1938), 9.2:98-119. 

1/R. H. Ojemann, ttstudies in Handedness: A Technique for Testing Unimanual 
Handedness, n Journal of Educational Psychology, (November, 1930), 
21: 59 7-611. 

!J)c. H. McCloy, "An Analytical study of the Stunt Type Test as a Measure 
of Motor Educability, 11 Research quarterly (October, 1937) 8.3:4(r.55. 

5 
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components be drawn up and then subjected to the same type of :factor 

analysis study that Thurstone used in the identification of mental abilities. 

The :factor analysis model has not been used extensively by researchers 

in physical education~ but there have been separate investigations which 

might be thought of as providing aspects of such an approach to the problem. 

A review of these studies suggests variables :for a :factor analysis approach. 

Strength~ speed and accuracy are three classifications of hand 
y y 

variables referred to by Fox. Morehouse and Miller suggest that the 

.ma.x.imum level of sldll which an individual may attain may be limited by the 

factors of height-weight, t ilnin.g~ accuracy and tension. In a recent 
2.1 . 

study Hooks reported shoulde;r:- :flexion (tension) as having a higher 

correlation (r- 0.?3) with demonstrated skill than other measures 

tested. He reports a low positive correlation (r- 0.26) bet~een right hand 

grip and throwing skill. The effects of resistive exercise on c0ordinati0n w 
were studied by Calvin. He reports an ~crease in skill in the baseball 

target test which~ however~ failed to reach the 5 per cent level of 

confidence. A t-ratio of 1.42 at the 20 per cent level of confidence 

suggests· that target throwing test scores may prove t0 be related to 

strength under other test conditions. 

i/Margaret G. Fox, op. cit., p. 328. 

?}L. E. Morehouse and A. T. Miller, Jr., op. cit., p. 176. 

2/G. E. Hooks~ UPrediction of 'Baseball Ability through Analysis of 
Measures of strength and Structure, n Research Quarterly (March, 1959), 
pp. 40-42. 

!tJs. Calvin, t'Effects of Progressive Resistive Exercises on the Motor 
Coordination of Boys, 11 Research Quarterly (December, 1959) ~ p. 394. 



Psychological aspects of skill. - - Psychologists have been 

interested in eye-hand coordination with respect to (l) perception, 

(2) acquisition of skill, (3) binocular dominance rivalry and 

resolution, and (4) maturation vs. learning. 

Perception is generally tnought of as an organizing process in 

which sensations are received and interpreted in the light of past 

experience.. Sensation in this process is by nature an activity of 
y 

7 

consciousness. The situai:!ion is apt to be nperceivedrt and ttremembe:red11 

in terms of abstracted cues. When these cue-stimuli are again presented, 

the perceptual process brings forth the old associations. Thus, pictures 

on the wall may be rectangular, but when viewed from. an angle actually 
y 

present the stimu~ation on the retina of trapezoids. Because of 

previously similar situations (now 11forgotten 11 ) we interpret the 

trapezoid retinal stimulation as square or rectangular. Anyone who has 

ever been entertained by a magician has experienced the relative novelty 

of llfalsen perceptions in which old, well-worn associations provide a 

false set of cues. 

Suppose for a moment that one is attempting to throw an object at 

a target.. The target must be perceived, and past ex:t:eriences in target 

throwing, judgn:ent of distance and space relationships come into play. 

' ·When tbe object is now thrown at the target, is the resulting llmisstt a 
" - .. 

product of poor lilllscul.ar control? Or .may it not be a product of 11falsen 

cues or stimuli, a product of Umalfunctioning" perception? It becomes 

YG. H. Fryer, E. R. Henry and C. P. Sparks, General Psycholog;yj Barnes 
and Noble, Inc., New York, 1954, p. 54. 

yo. T. Morgan, Physiological Psycholog.y, McGraw-Hill Book Company, Inc., 
New York, 1943, pp. 471-472. 



especially important to consider perception, especially with regard to 

visual cues, if we are to evaluate the demonstrated act of skill, that 

of hitting a target. 

Challenges from Japan. - - Perhaps the 1.1ewest and most eontroversial 

reports concerning perceptual visual research have corre from the Japanese 

since the close of World War II. .SoJre of these reports challenge the 

American psychologists and appear to discredit, or at least question, 

many well known theories. 
y 

:Matokawa and others working at Tokoku University have conducted 

electrophysiological studies on stereoscopic vision, retinal rivalry and 

resolution. They claim their findings are difficult to interpret solely 

on the basis of the kno"W!l factors of accommodation and disparity of 

binocular images. 
y 

Sagara and Oyama studied visual after-effects. ,They drew their 

experimental hypotheses from the Kahler-Wallach theory of figural after-
2) 

effects, which states: 

(l) If a figure is observed for a time as part of a visual field, 

and then another figure is observed in approximately the saJre 

place, the second figure will be II changed II with regard to 

size, location or in some similar respect. 

(2) The "Distance Paradox" states that if a subject views two 

straight lines (T: test line; I: initial line), the variable 

YK. Motokawa, D. Nakagawa, and T. Kohata, IIElectrophysiological Studies 
of Binocular Stereoscopic Vision, 11 Journal of Comparative and 
Physiological Psychology (April, 1956) 49.4:393-403. 

3/M. Sagara and T. Oyama, trExperirrental Studies on Figural After-effects 
in Japan, 11 Psychological Bulletin (July, 1957), 54.4:327-338. 

1/Ibid., p. 327. 
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T-line will not be "changedtt by the subject, even when it 

has been moved across a considerable portion of the visual 

field. There is a tendency for the distance between the 

I-line and the T-line to be exaggerated by the subject, up 

to a ma.xi.m.um point • 
y 

Gibson also suggested a ttCurved Line 11 effect in which a continuously 

observed curved line gradually becomes less curved and in which a straight 

line which has displaced a curved line will appear to curve in the 

opposite direction. Kohler and Wallach cla.irred this ncurved Line tt 

effect was only a variation of their IIDistance Paradox, 11 but Nozawa 

discredits the claim. 

Oyama also criticizes parts of Kohler and Wallach's IISize" effect 
y 

hypothesis. When both T1 and T2 are the same, T1 shrinks. 

21 
Kohler 

and Wallach have since agreed. 

Recent contributions of American psychologists. - - The phenomena 

of overlapping have been the object of recent research by Dinnerstein y . 
and Wertheimer. They have studied the Ratoosh-Helmholtz hypothesis 

which points to the phenomenon of small portions of the visual field 

exerting undue influence on the perceived whole. Thus, if a figure 

appears in three dimensions, some relatively small cue may give 

indication of relative nearness~ independent shape or dependent contours. 

1/Ibid., pp. 329-330. 

_Y.Ibid., p. 329. 

2/.Ibid., pp. 329-330. 

ynorotby Dinneratein and M. Wertheimer, "Sore Determinants of 
Phenomenal Overlapping, 11 American Journal of Psychology (March, 
1957), 70.1,36-39. 
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In 1933, Washburn questioned-that stereoscopic vision gives depth 

perception or perception of solidity. She suggested rather that the 

apparent .movement or thrust which is evident when a visual field is seen 

first with the right eye, then with the left, is the key to perception 

of depth or solidity. Thus, binocular vision is in reality a shifting 

.lll.)nocular vision (so the relative dominance of each eye varies) and the 

perception of depth is a learned interpretation of this apparent shift 

or movement. 

This phenomenon may be the basis for the perception of solidarity; 

eg., it is difficult to decide how thick a half-hidden object may be. 

There is an urge to move it to have a better look. To judge distance 

of depth of an object, Washburn1 s theory would suggest that this 

umovementtt ma;r take place by first ntaking a look with one eye, then 

with the other.n The two sets of visual cures are then interpreted 

in the light of similar past experiences. 

2 • .A Genetic Approach to Eye-Hand Studies 

Research .models of the last centJ.lPY. - - A genetic survey of 

studies of eye-hand structure-function during the last thirty years 

indicates certain changes in approach to the problem which have 

precipitated specific advances. The research dealing with eye-band 

coordination has varied from research of a purely anatomical-

physiological nature to stunt tests selected largely by introspective 

methods. 

1/'Margaret Floy Washburn, 11Retinal Rivalry as a Neglected Factor in 
Stereoscopic Vision, n Proceedings of ~ National Academy of Science 
(August, 1933), 19:773-777. 



y 
The lectures of Humphrey at Cambridge in 1861 suggested a 

relationship between eyedness and handedness. He suggested that the 

preferred hand was determined by the dominant or sighting eye. In 

view of later studies which distinguish between monocular preference 

and binocular dominance, it is evident that the proposal of Humphrey 

may be naive introspection. 

Stunt type tests of hand preference were reported as long ago as 
y 

lB90. Baldwin reported that children used either hand in reaching 

for objects near at hand, but used the right hand almost exclusively 

when reaching at a distance. (An interesting explanation of right hand 
2) 

dominance in vogue in 1911 was one suggested by Gratiolet and Jordan 

that in the fetus, the left brain had a more plentiful blood supply, 

and hence the natural tendency to right handedness.) 
y 

In 1930, Ojemann reported that none of t~e conventional stunt 

tests of handedness were valid. As might therefore be expected, 

21 
Irwin found the stunt type tests and laterality to be poor reasures 

1/P. B. Ballard, "Sinistrality and Speech, 11 Journal of Experimental 
Pedagogy, (1911-1912), 1:298. · 
(As cited in C. A. Selzer, ttLateral Dominance and Visual Fusion: 
Their Application to Difficulties in Reading, Writing, Spelling and 
Speech,ll op. cit., p .. 7.) 

yc. A. Selzer, "Lateral Dominance and Visual Fusion: Their 
Application to Difficulties in·~Reading·, Writing, Spelling and Speech, n 
Studies in Educational Psychology and Educational Measurement: 
Harvard Monographs in Education, Number 12, 1933. 

'}) Ibid., p. 4 

~R. H. Ojemann, op. cit., pp. 597-611. 

2/L. W. Irwin, "A Study of the Relationship of Dominance to the 
Performance of Physical Education Activities, 11 Research Quarterly 
(May, 1938), 9.2:98-119. 

ll 
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of p3rformance. Examples of this approach to the problem are still found 
y 

:in the current literature. 

Ih 1933 Selzer reported an exhaustive list of tests for determining 
?J 

lateral dominance. He suggested such items as throwing, writing, 

picking up objects, using a broom or scissors, buttoning, using a hammer 

or saw, or crossing the thumbs. He also reports a number of tests for 

determining the relative dexterity of the hands, such as the dynamometer 

tests, tapping, tracing, dart and bean bag throwing, steadiness test and 

peg board. In these tests both right and left hands were tested and the 

scores compared to give therelative preference or dominance score. The 

advantage of this type of test over the stunt type test of laterality is 

that the .forner produces arbitrary scores which ·can be compared and 

evaluated. When individuals do exhibit a variety o;f responses, there is 

no .for.mula given for evaluating the relative importance of each stunt 

test response .. 

21 
Vogel reported in 1935 that ambidextrous people show right hand 

p3rformance in stunt type tests. According to these writers, stunt type 

tests do not give proper consideration to t1ambidextrous 11 persons • . y .. 
McCloy suggested that factor analysis be used to determine the 

significance of variable in skilled per.formance. He suggested fourteen 

possible factors .for later experimenters to consider. Three of these 

1/C. A. Selzer, op. cit., pp. 32~36. 

1/ibid., pp. 32-36. 

1fo. H. Vogel, op. cit., pp. 15-18. 

}J/c. H. McCloy, 11 A Preliminary Study of Factors in Motor Educability,n 
op.cit., pp. 2S-39. 
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were examined by Coder in a study at Boston University. Depth perception, 

peripheral vision and reaation time were found to be significant factors 

in his test situation. However, his findings do not preclude the 

identification of other significant variables. 
y 

The survey of research by Martin in 1952 indicates that the 

generally accepted view of lateral dominance with regard to acts of 

Skill was that a constant, basic factor of laterality in skilled 

.trovements does not exist. The non-preferred hand may be "educated" 

according to the ingenuity and patience of the teacher~ 

Laterality in vision. - There has been a similar approach to, the 

study of a possible lateral dominance factor in vision. The inclusLon 

of such a factor in an analysis of eye-hand skill was suggested by 
?) 

McCloy. 

The possibility of a lateral dominance eye factor is complicated 

qy the fact that stimulation of the light-sensitive cells of the fovea 

stimulates the opposite side of the brain, whereas impulses from the 

lateral part of the retina go to the same side of the brain. 

fJ 
Jasper suggests that it is the explanation for an apparent 

difference in laterality (1) when the fovea is stimulated, or (2} when 

elements of both central and peripheral vision are functional. He 

suggests that the process must be further identified as an instance 

'JJA._ C. Coder, op.cit., pp~3-5. 

2)K •. L. Martin, HHandedness: A Review of the Literature on the History, 
Developnent and Research of Laterality Preference,n Journal of 
Educational Research (Ms.rch, 1952), 45:527-533. 

1jc. H. McCloy, IIA Preliminary Study of Factors in Motor Educability,tt 
op. cit., pp. 28-39. 

' ~H. H. Jasper and E. T. Raney, op. cit., PP• 450-455. 



of monocular preference or one of binocular dominance. Jasper suggests 

that a person may use the right eye when only one eye is allowed in an 

experimental situation such as the Miles V-Scope or monoptoscope. 

However, the same subject may use the left eye relatively more in a 

binocular test situation. 

ll 
According to Buxton, the early concept of 11eye-preferencell was 

a theory of llall-or-nonen eye dominance. He found a high degree of 

reliability (using odd-even scores) on the various typical tests, but 

he found that for any given individual, the apparent validity of the 

tests was lost because of the low-inter-variable correlation. He 

reports odd-even reliability coefficients (r) of (1). 0~97 for the 

Hole-in-card Test and (2) 0.92 for the Aiming Test. The intervariable 

correlations were much lower. Sighting vs. Aiming gave a fair 

correlation of 0. 71. The manoptoscope readings gave a correlation of 

0.45 with the Aiming Test scores. Hds conclusion is that there is 

no evident indication of a llunitarytr trait of eye-preference. 

Physiological factors in vision. - - A review of the stuqy of 

visual physiology could not be complete without reference to some y 
such basic text as that of Morgan. This is a comprehensive, 

physiological an~sis of the basic phenomena of vision. Some of 

the nobserved" phenomena of vision can be explained, for example, by 

yc. E. Buxton and H. R. Crosland, "'Ihe Concept of 'Eye-Preference' , 11 

.American Journal of Psychology (July, 1937), 49:458-46l. 

3(c. T. Morgan, op. cit., pp. 161-218. 
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the following facts: 

a. Fovea contains only cones; each cell is served by one 

bipolar cell. 

b. The periphery of the retina is served by more rcxis and 

fewer cones as the distance from the fovea is increased. 

c. In the periphery, there are more diffuse, synaptic 

connections_~ 

11 
d. The Principle 9f Binocular Summation (Wald ) is built 

on the basic principle of summation and, in keeping with 

the knowledge of the incidence of synaptic connectio~s, 

indicates that summation could occur in the re"!-ina and/ 

or tl:e brain • 

.. Morgan identifies the basic aspects o~ visual sensation as 

?:/ 
(1) brightness, (2),acuity and (3) critical flicker frequency. 

This list of essentials mig~t be expanded as follows: 

(1) brightness: sufficient to cross a threshold of SFimulation 

(2) acuity: sufficient to focus and thereby produce meaningful 

sensation 

(3) critical flicker frequency: related to oscillation, or 

response/latency of response 

2/ 
In 1951, Bugelski offered a list of variables in visual 

experimentation, which may be listed as follows: 

(1) physiological adaptation, acuity, defects, etc. 

1/ Ibid., pp. 189-190. 

~ ~bid., P• 191. 

2}B. R. Bugelski, ! First Course in Experimental Psychology, Henry Holt 
and Company, New York, 1951, pp. 162-190. 
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(2). autokinetic phenomena 

(3) va.riapility in the stimulus or perception of the stimulus 

A comparison of Morgan's list of variables and Bugelski's list shows 

that the lists proposed by them are somewhat different. The list of 

Bugelski integrates, or fails to distinguish between, sensation and 

J:erception. His first item refers mainly to sensation; his seccnd may 

be thought of chiefly as perception; and the third item refers to a 

combination of variables in sensation and perception. The problem. of 

isolating visual factors is therefore complicated, not only anatomically, 

but also by the conscious interpretation of sensations. 

Contemporary concepts of pgrchological phenomena in vision. - -

The concepts of autokinetic movement and similar phenomena have been 
y 

the subject of research for some years. In the last five years, 

however, there have been many new and interesting studies of 

autokinetic phenomena. Much of this research will need to be 

verified and clarified by future researchers before sweeping 

generalizations are made, but a few examples are presented for 

consideration. 
y 

In 1956, Battersby reported that cephalo-caudal rotations do 

change the observed auto-kirietic phenomena. If this is so, studies 

of visual pheno100na will have to take head-shoulder rotations into 

consideration. 

!/Margaret F. Washburn, op. cit., pp. 773-:771. 

3/w. S. Battersby, et al, 11Effects of Visual, Vestibular and Soma.tosensori­
motor Deficit on- Autokinetic Perception, 11 Journal of Experimental 
Pgrchology (December, 1956), 52:398-410. 

2/E. Engel, op. cit., pp. 87-9L. 



1/ 
A study reported by Engel~ in 1956 further examined the role of 

17 

content in binocular resolution. He used classic stereoptican slide 

techniques to present pictures of men's faces to individual subjects. 

Each slide contained two identical views of a specific face, but one 

of the two pictures was upside down. In each case the subject 

repdrted seeing the right-side-up face, and only occasionally was there 

a report of uextraneousn material. The right-side-up face was seen 

regardless of the eye that was needed to see itt Hence, the eye that 

previously might have tested as non-dominant in either monocular or 

binocular situations was functionally dominant in this situation. 

Engel explains the phenomena on the basis of perception rather than 

sensation. He says we "seen (sensation) the content, but "organize" 

(perception) what we see into meaningful e~perience. He suggests 

that further studies of the perceptual phenon:ena of binocuiar vision 

are indicated. 
y 

Conklin claims that autokinetic movement is not a single 

process but that it can be initiated by either processes in the 

eye. (sensory organ) or cortex. Since the eye cannot maintain a 

constant fixation, the stimulus-sensation is a changing condition. 

He further examined the role of sensation and concluded that there 

was a sharp distinction between the role of retinal events in 

autokinetic movement because cortical satiation appeared to be an 

iJE. Engel, op. cit., pp. 87-9L 

£/J~ E• Conklin, "The Influence of Figural Inspection on the 
Autokinetic 'lllision, Itt American Journai .2£ Psychology (September, 
1957)' 70 .3!395-402. 



independent variable. He concluded that retinal events played the 

more important part in the perception of autokinetic movement. 

Reading and vision. - - There have been many researchers who 

have studied vision, dominance and psychological phenomena as 
1/ 

related to reading. Fendrick - studied lateral muscle imbalance 

at distances of 20 feet and 16 inches. He found a significant 

difference favoring good readers who also showed better-than-average 

visual acuity in the right eye in distance vision. (We generally 

associate reading with the nearer distance of 16 inches. The 

question then arises as to why the distant score proved significant!) 

There are many other researchers who have made significant 

contributions to research in the area of vision as related to reading. 

In 1938, Imus reported that the two eyes were used alternately in 
2/ 

reading.- Orton reported that 10 per cent of students have difficulty 

in establishing cerebral dominance, thought significant in causing 

2.1 
reading difficulties. w 

Eames has been a prolific writer and researcher in visual. 

y P. Fendrick, Visual Characteristics of Poor Readers, Teachers 
College Bulletin Number 656, Columbia University, 1935. 

2/ H. A. Imus, J.W.M. Rothney, and R.M. Bear, h Evaluation of Visual 
Factors in Readi~, Dartmouth College, 1938. - -

3/ s. T. Orton, tt.A. Neurological Elcplanation of the Reading Disability,n 
Educational Record (January, 193 9), 20 Supplement: 5 8-68. 

18 

1±J For an excellent resume of contemporary thought in the application 
of visual science to the area of reading_; see Thomas H. Eames, "Visual. 
Handicaps to Reading_, II Journal. of Education (February, 1959):, 141.3:2-35. 



difficulties iB reading. Some factors which have proved to be of 

significant incidence among poor readers which may be of interest 

to general psychologists and physical educators are: 

(l) There were significantly more deviations from right-

dominant laterality of eyedness-handedness among poor 

readers. 

(2) More than one-third of those having both difficulty in 

reading and eye handicaps also showed I.Q. t s under 90. 
y 

This could be a reflection of poor physiol0gical capacity 

for the act of reading. 

(3) The speed of perception is related to the speed of 

reading. If the speed of perception of words is 

significantly slower than that of objects, perception 
2/ 

of words can be increased by practice with words.. -

Thus, there is an indication that the nequipnent« necessary 

for perception is present and can become functional with 

practice. 

Hence, we have the concept of educability (w.fu respect to reading) 

examined in terms of individual differences and ca:paei ty. Once again, 

however, there are no llall-or-nonett theories emergingl 

~ T. H. Eames, op. cit., P• 25. 

~/Ibid., p. l7. 

l9 



3. Contemporary Horizons .for Future Contributions 

Modern Introspection. - -Much o.f contemporary psychological 

literature deals with experimental results, but it is not surprising 

that there should appear "something newtt which is really 11sorrething 

old. 11 The earliest contributions to the study o.f man were on the 

basis o.f Introspection. Modern psychologists tend more toward 

experimentation and are hesitant to give sweeping generalizations such 

as those which gave rise to the Schools o.f Psychology prevalent during 

the .first part o.f this century. It is interesting to .find a 

contemporary writer in psychology who stresses the Introspective 

method over the ~rimental·method. 
1/ 

Zuckerman - uses what he calls 1•logical ana.l.ysisU to argue .for 

"innate organizing1t processes in form perception. His thesis that 

there is little decisive research as to whether .form-perception is 

learned behavior is backed by a bibliography with a majority o.f items 

published in the 19201 s and 1930's. It is doubt.ful that those who 

have done research in this area (as reported in this paper) in the 

last twenty years were convinced by the earlier l1innate org~zingtt 

process theories o.f earlier writers. Certainly the .fact that answers 

have not been .found is not evidence that answers do not exist. 

?;uckerman' s philosophical approach does not appear signi.ficantly to 

discredit the coBtributions o.f experimental psychology~- however 

limited their scope to date. 

20 

y B. Zuckerman and I. Rock, 11./\ Reappraisal o.f the Roles o.f Past Experience 
and Innate Orga.n.i.zing Process in Visual Perception, "Psychological 
Bulletin (July, 1957), 54.4:269-296. 
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Factcr Analysis. - - Another contemporary psychologist, Guilford, 
!I 

suggests factor analysis to determine a system of psychomotor abilities. 

He reports that he has used the technique to study so-called prilna.ry 

mental abilities and suggests that the technique is a logical one to use 

in studying motor abilities. His arguments are much the same as those 
2/ 

presented by McCloy- over twenty years agoJ McCloy's argument in turn 
2/ 

was based on 'I'hUJ;'stone' s stu.dy of pr:im.ary mental abilities • 

.!!: Sunnnation. - - There have been many approaches to the study of 

success or failure in eye and/ or hand skills : 

(1) The approach of npurett science: the study of anatomy and 

psysiology to explain observed ph4/omena. We might ccnsider the 

early work of Helmholtz or Wundt - as demonstrating this approach. 
5/ 

The contemporary studies by Eames- renects this approach. 

( 2) The observation of stunt-type per fonnance : in a sense, a 

descriptive approach to the study of eye and/or hand skills. 
6/ 7/ 

Recent studies by Fox,- Sinclair and Smith -use the stunt-

type tests and yield results in agreement with earlier studies 

1/ J. P. Guiiford, UA, System of the Psychomotor Abilities, It .American 
- Journal of PsyChology (March, 1958), 71.1:164-174. . . 

2/ c. H. McCloy, nA_ Prel:im.ina.ry Study of Factors in Motor Educability ,u 
- op. cit., (May, 1940), PP• 28-39. 

2,./ T. L. Thu~stone, The Vectors .£!Mind. University of Chicago Press, 1935. 

~/ E. B. Boring, op. cit., pp. 89-92; 104. 

2/ T. H. Eames, op. cit. 

§/Margaret G. Fox, op. cit., pp. 327-331. 

11 caroline B. Sinclair and Inez M. Smith, op. cit., pp. 393-401. 
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by Vogel and Irwin. 

(3) The evaluation of eye and/or hand skills adds the problem of 

relative skill, both with respect to laterality and to other 

2./ !:±/ 
persons: Ojemann and Selzer advocated the use of such items 

as tapping, steadiness and peg board tests which would yield 

relative scores. These scores could be considered as more 

objective measures of relative skill then the simple all-or-none, 

(4) 

pass-or-fail items common in stunt-type tests. 
2/ y 

Analysis of tbe components of skill: McCloy and Guilford 

suggest that the dynamic whole (skill) be factored into components 

parts. This approach would eventually yield prediction equations. 

The identification of the most heavily weighted aspects of skill 

would aid teachers in focusing instruction on the most important 

aspects of skill. 

?:.I o. H. Vogel, O;Ee cit., pp. 15-18. 

?:_/ L. w:. Irwin, op. cit., pp. 98-119. 

'}_j R. H. Ojemann, op. cit., pp. 597-611. 

~I c. J,...· Selzer, op. cit., PP• 32-36. 

2/ c. H. McCloy, 0;E· cit., pp. 28-39. 

§_/ J. P. Guilford, O;Ee cit., pp. 164-174. 



CHAPrER III 

PROCEDURES 

Introduction.-- Four tests of haBd control and three tests of 

vision were given to one hundred and sixty-five persons. (Thirty-five 

of these subjects were a mixed group used· in a pilot study. Thirty 

females and one hundred males were used in the fonnal experiment.) 

The scores obtained on these test items were then compared with the 

scores obtained by these same individuals on a simple dart throwing 

test. 

It may be p.oted that although a test may be classified as an 

eye test or a hand test, most of the items used, with the exception 

of the grip test and the manoptoscope, involve eye-hand coordination. 

Each subject spent one hour taldng the tests. With the pennission 

of the committee of faculty advisors, assistants were used in the 

administration of tests. They were used particularly to score the 

dart·'throwing test and to aC!rnj_nister the electrically timed hand tests. 

The nature of the t~sts was such that a general willingness to 

cooperate and perform well was increasingly manifest throughout the 

test. Subjects were encouragep. to 11 do their best11 but standards of 

the performance of others were not available at the time of testing. 

Most subjects were apparently motivated by their perfonnance on one 

test item to lido better11 on the next item. However, the test items 
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were administered in random order to ~acilitate the administration o~ 

tl:e tests. There~ ore, no one test was .more ~avorabliY" situated in the 

time sequence of item administration. 

1. Experimental Period 

The testing period extended from November, 195$ to July, 1959. 

During the first three months, tests were conducted at the University 

of Dayton which helped to establish ~or.mal testing procedures o The 

~or portion of the testing was done at Boston University during the 

spring and summer months of 1959. 

2. Subjects 

Selection. - Thirty five students from the University of Dayton 

volunteered to serve in the early testing phase. The one hundred and 

thirty subjects for the ~ormal part of the experiment were students 

at Boston University. One hundred of these subjects were male and 

thirty were female. The subjects ranged in age ~rom 18 to 47. All 

subjects had sufficient visual acuity to ~ill out a personal data 
y' 

sheet and to see the l/4n :x: 1/211 sight at a distance of twenty feet. 

Subjects who wore glasses were permitted to wear them for the 

experiment. 

An attempt was .made to secure subjects who had participated in a 

number of sports activities. A majority of students concentrating in 

]:hysical education were used in order to (1): reduce as much as possible 

y Appendix B. 



the lack of opportunity to have developed eye-hand coordination, and 

(2) to insure sG!lle motivation of the subjects in the experiment. 

Grouping. - - One hundred male subjects tested at Boston University 

were divided into two groups. The High Skill Group was composed of 

twenty-nine persons who scored beyond the 7oth percentile on the dart 

tb.l:'owing test. The Low Skill Group was composed of twenty-nine persons 

who scored below the 30th percentile on the same test. The entire 

male group tested at Boston University were also compared with the 

female students at Boston University. 

3. Selection of Test Items 

(The items included in the present stuqy were selected on the basis 

of the literature surveyed.) 
1/ 

Hand Skill Items .... - Fox- suggested the basic hand factors of 

strength, speed and accuracy. Accordingly, at least one measure of each 
3_1 y 

was included in this study. Ojemann and Selzer advocated the use of 

such tests as tapping and steadiness in preference to all-or-none stunt 

type tests. Therefore, the final battery of hand tests consisted of 

(l) steadiness (control or accuracy), (2) grip (strength), (3) peg board 

and tapping (speed). 

Visual Items. - - Depth perception has been studied in relation to 
4/ -

skill.- The present study was therefore. limited to a study of the 

!/Margaret G. Fox, op. cit., P• 328. 

3_/ R. H. Ojemann, op. cit., pp. 597-611. 

~/ o. A.. Selzer, op. cit., pp. 32-36. 

~/A. o. Coder, op. cit., PP• 3-.5. 

2.5 
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relationship of binocular dominance and monocular preference to demonstrated 

skill. Certain studies by experts in visual difficulties in reading and 

psychology of visual phenomena have suggested that there is a difference 

in relative contributions of near distance vision (l6 inches and 4 feet) 
l/ 

and :far distance vision (20 feet).- Therefore, binocular dominance at 

4 feet and 20 feet was studied, in combination with the test of monocular 

eye-pre:ference. 

Eye-Hand Coordination. - - The present study was limited to demonstrated 

eye-hand coordination, as measured by scores obtained by throwing darts 
2/ 

at a target 20 :feet distant. Selzer - suggested that throwing bean bags at 

a target would constitute a measure of hand skill. In the pilot· study 

at the University of Dayton, the scores obtained with bean bags and darts 

were correlated. A high correlation ( r ~ 0.9l9 and 0.892) between the 

two procedures was obtained. The dart test was chosen in. preference to 

the bean bag throwing because of tbe comparative ease of scoring. An 

underhand throw was used primarily because the experimenter wished to 

confront the subject with a relative~ novel task. The 20 foot distance 

paralleled the distance used ih one of the binocular vision tests. 

4. Testing of Subjects 

When the subject presented himself to be tested, he was asked to 
3/ 

fill out a personal data card. - (This card was constructed in such a 

way that it also served as a score card for all of the. test items except 

"!/ c. E .• Buxton and H. R. Crosland, op. cit., pp. 4.58-461. 

~/ c. ~. Selzer, op. cit., pp. 32-38. 

2./ Appendix B. 



the dart throwing test.) The test items were then administered te the 

subject. 
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Dart Throwing Test. - -An archery type target was used. The center 

bull 1 s eye area was siX inches in diameter and there were nine concentric 

rings, each thre·a inches in diameter. The center area scored 10 points 

and each successive ring scored 9, 8, 7, etc., points. The remainder of 

the alternate scoring areas were painted a pale beige which was only 

slightly darker than the background color of the target. This combination 

of colors was used to emphasize the :importance of hitting the center. 

(The vertical lines used to. score the lateral deviations were in pencil 

and were not generally visible to the subject.) ~welve tournament type 

plastic darts with brass points were used. 

The subject was asked to stand behind the restraining line and 

throw 36 darts (3 rounds of 12 each) using an underhand throw at a 

target 20 feet distant. 

Instructions-to sabject: 

ttKeep both feet behind the line ••• 

"Use an underhand throw. Try to hit the bull's eye with each throw. 

You may use whichever hand you prefer ••• 11 After all the darts had 

been thrown, the subject was asked to retrieve the darts and throw them 

again until a total of 36 darts were scored. The test was then repeated 

with the non-preferred hand. Scores were computed in two ways: 

(l) On a basis of loci, or concentric zone scoring, with a 

bull' s eye scoring 10 points, and an e;r-ror of 311 to 6" 

from the absolute center scoring 9 points, etc. This 
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score is hereafter referred to as the Regular Dart Score. 

(2) en a basis of lateral deviations of 3" vertical zones to 

the right or lef't of the absolute center. Each displacement 

zone scored one point against the thrower. This score is 

hereafter referred to as the Lateral Deviation Score. 

]/ 
Steadiness Test. -- The standard Whipple apparatus was used to 

reasure hand steadiness of control. The apparatus consists of a steel 

plate with nine holes varying in dia.neter from .113 to • 500 inches. It 

was used with a stylus with a 5 mch handle and a tip l inch long and 

3/32 inches in dialll3ter. (Plate 1..) It was used with a cord three f'eet 

1n length. The plate and stylus were arranged in circuit with two 

standard electric timers in such a way that the contact-time for a 
gj 

15-second testing interval was recorded in hundredths of' a second. 

The subject was asked to start with the stylus in the smallest 

hole and hold it there for 15 seconds. The subject was to try not to 

let the stylus touch the edge of' the hole. The timing started af'ter 
. 

the subject had placed the stylus in the hole. At the end of 15 

seconds, the apparatus shut off automatically. The subject then moved 

to the next larger hole and the procedure was repeated until the subject 
. 21 

had accumulated a contact-time score for the first seven holes. 

yc. H. Stoelting Co., Chicago. 

3(Set up by the Boston University Research Service • 

.2/Conference with Fr. Raymond Roesch, Chrm., Dept. of' Psychology, 
University of Dayton, December 9, 1958. 



Plate 1 

Steadiness Test. --Subject is attempting to hold the stylus (A) in 
the hole withOUt making contact with the steel plate. Any contact 
of the stylus with the plate during a fifteen second interval, as 
n:easured by a clock-timer (B), is measured by the hundredth-second 
timer (C). 
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Instructions to subject: 

"Hold the stylus in whichever hand you prefer ••.. 

11 Grip the stylus with your thumb on top, resting against the thick end 

of the handle. (The subject was shown how to hold the stylus. The grip 

resembles the grip used for putting in golf.) 

"Stand erect. Hold the arm away from the body and keep the elbow 

extended. Insert the stylus into the smallest hole about 3/4 of an 

inch deep. Try to keep the stylus as near to right angles to the face 

plate as possible ••• 

"You will be tested for 15 seconds. During that time, try not to let 

the stylus touch the side of the hole. Whenever the stylus touches the 

side of th~ hole, the contact time will be recorded automatically ••• 

tt.Are there any questions?n 

The experimenter then observed whether the instructions had been 

.followed. When the subject had the stylus in the proper position, the 

experimenter gave the signal and started the timing apparatus • The 

apparatus shut off automatically after 15 seconds. 

11lifow put the stylus in the next larger hole. The test will now be 

repeated ••• 11 

This instruction was repeated five more times, until the seven holes had 

been scored. The e:x:p9rimenter recorded the total contact time, reset 

the timers, and the test procedure was repeated for the non..:..preferred 

hand. 

The score for each hand was recorded in hundredths of a second. 
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Tapping Test. -- A tapping board was constructed with two 4 inch 
y 

brass plates, 6 inches apart. (Plate 2.) The stylus used had a 5 inch 

long handle and a tip which was 1/2 inch long and 5/32 inches in dia.rreter. 

The stylus and plates were arranged in circuit with a timer-counter. The 

timer automatically broke the circuit when 15 seconds had elapsed. The 

counter recorded the number of taps in the interval. 

The subject was asked to touch (tap) the stylus to first one plate 

and then the other in as quick succession as possible. He was given a 

starting signal, and.as soon as he was definitely started, the examiner 

started the electrical timer-counter arranged in circuit with the tapping 

plates. The preferred hand was tested. first. The test was then repeated 

with the other hand. It was necessary for the experimenter to observe 

that the stylus was lifted, not pushed, from plate to plate; that the 

arm was away from the body to give free range of movement; and· that the 

taps were .. made. alternately on each plate. 

Instructions to subject: 

"Hold the stylus in whichever hand ;rou prefer •.• 

IIHold the stylus as you would a pencil. Be sure your forefinger is 

within 1/2. inch of the end of the plastic grip .•• 

ttWhen you are given the signal, 'Go,' start tapping, first one plate_, 

then the other_, as quickly as you can. The apparatus will shut off 

automatically in fifteen seconds •.• 

tt,Are there any questions?tt 

The preferred hand was tested first. The test was then repeated 

1/ Constructed by the Boston University Research Service. 
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Plate 2 

Tapping~· -- Subject is attempting to make as many taps as possible 
during a fifteen second interval, as measured by a clock-timer (A). 
Each contact (C) is automatical~ recorded by the counter (B) . 
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with the other hand. 

Pe_g Board. --A standard-type peg board was constructed by the 

experimenter with four rows of fifteen holes each, spaced at 1/2 inch 

:intervals. The holes were 5/16 of an inch in dia.nBter. Pegs 1/4 of an 

inch in diameter and 7/8 of an inch long were used. (Plate 3.) At 

the start of the e:Jq:eriment, the pegs were in a tray behind the peg 

board. 

The subject was seated in front of a desk for the experiment. 

The subject was asked to start with the knuckles of the hand to be 

tested resting on a stationary board. The exa.m:i.ner gave a verbal 

signal for the subject to lift one peg at a time and place it in any 

hole on the peg board. The subject placed as many pegs in holes as 

he could during a one-minute period. A standard electric timer was 

turned on by the examiner as the signal to start was given. The 

subject was told to stop when the timer shut of:f automatically. The 

examiner noted the total number o:f pegs properly placed during the 

testing interval and recorded the score. 

Instructions to subject: 

11'0se whichever hand you pre:fer ••• 

"Place the lmuckles o:f the hand to be tested firmly on the taped board ••• 

liWhen you are given the signal, 1 Go, I lift a peg :from the trp.y and· 

place it in a hole on the board. Return your hand directly to the 

tray and select another peg. Place it in one o:f the holes ••• Repeat 

this performance as many times as possible during the one minute 

testing period. A buzzer will sound automatically at the end of the 

test interval ••• 
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Plate 3 

Peg Board Test. -- Subject started with the knuckles of his right hand 
on the taped board (A). At the signal, "Go, 11 he attempts to put pegs 
in holes (B) as quickly as possible. He must lift one peg at a time 
.from tray (C). The one minute test interval is recorded by an automatic 
clock-timer (D), which is equipped with a buzzer 11Stop11 signal. 
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IIAre there any questions?" 

The preferred hand was tested first and the test was then repeated with 

tre other hand. 

Grip Strength. - - A small spring-type grip strength tester was 

used for the forma.l part of the eJq:eri.n:ent. An adjustable grip span 

apparatus (Smedley) was obtained from the Department of Psychology at 

the University of Dayton and used in the early testing phase of the 

present experiment. S:imil.ar results were obtained indicating that the 

instrument available at Boston University did not measurably affect the 

value of this test item in the immediate experiment. (Dayton:- r ___ 0.073; 

Boston University: r = 0.130). 

The subject was asked to hold the spring in his preferred hand 

in such a way that his hand and arm were away frcm the body. The grip 

strength was recorded for the preferred hand and then for the non-

preferred hand. 

Instructions to subject: 

"Use whichever hand you prefer ••• 

ttHold the spring in the palm of your hand so that the indicator is 

aJNay from the palm ••• 

11When you are ready, give the spring as hard a sq..teeze as you can ••• 

I 
ttNow, let me read the indicator.u 

The procedure was repeated for the other hand. 

Binocular ~Dominance. - - The apparatus (Plate 4) consisted of 

(l) a box through which the subject viewed (2) a moveable target/sight 
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Plate 4 

Binocular Vision Test. --Subject is seated on a stool (A). His head is 
secured to box ~B~He looks through a slot to see the moveable markers. 
The Near-Distance sight (C) is moved by pulling on string (D). This 
string runs over pulley (E), thus moving the marker (F). The subject is 
shown moving string (G) which moves the Far-Distance sight in a similar 
m3.l1Iler. 
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4 feet distant and (3) a mov~able target/sight 20 feet distant. Both 

sights or. markers were moveable; therefore, either could be moved in 

such a way as to put it in line with the other. 

The subject sat on a stool with his head secured to the box by 

.means of an elastic band. A steroptician-type shield helped to center 

the head and gave a firm anchor point. When the subject was in 

position, the sights were visible through ali inch by 4 inch slot. 

A black nylon fishing line (L), under tension, ran from the subject's 

left hand (HL) to the wall, through two screw eyes, back to the 

subject• s right hand (HR) and through the box to complete the circuit 

to the subject's left hand. A similar sight and line arrangement (I2) 

served to move the sight (S) which was four feet from the subject. 

Markers Ml and M2, attached to lines Ll and L2, indicated the 

relative position of the sight and target on scales Sl and S2. It was 

thus possible to obtain readings of the settings (l) without entering 

the subject• s field of vision and (2) without givmg the subject clues 

as to whether his readings were consistant. (Plate 5) 

The testing room was well-lighted at all times. All testing was 

done during daylight hours. 

Instructions to subject: 

11Put your head firmly against the head rest and slip the elastic band 

over your head so that your head is comfortab]y secure. Please try to 

keep your head and body as motionless as possible for the remainder of 

the test ••• 

It Hold the strings securely. When the flap is lifted, you will see two 



Plate 5 

Binocular Vision Test. -- The examiner is shown adjusting the Near­
Distance mark.e r (i.)-:-

37 
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markers, or sights. Focus on the one that is i'urthest away.. • Keep 

both eyes i'ocused on the i'ar .marker and pull the string so that the 

near marker is moved into line with the far one.'' 

The marker was positioned to the ex:trerre left of' center on one trial 

and to the extreme right of center i'or the next trial. The flap was 

closed between readings so that the subject did not see the sight cross 

tre visual field. 

Ten readings were taken with the subject using both eyes to move the 

near sight into line with the far marker. Three readings each were 

then made with the right and left eyes respectively. The entire 

procedure was then repeated with the near marker fixed and the i'ar 

marker used as the moveable sight. 

The original plan called for an additional ten trials with each 

eye separately at both distances. A study of the number of trials 

showed that there was a correlation of 0. 93 (valid at the l per cent 

level of coni'idence) between ten trials and three trials. The shorter 

test procedure was therefore adopted. 

y 
Monocular ~ Preference. - - A Miles V-Scope type instrument 

was used. This test was given immediately after the experiment in 

alignment so that no insight into the nature of' the alignment problem 

or kinesthetic patterning would afi'ect the subject. 

Instructions to subject: 

'"Sit in this chair. Put both hands on the cardboard envelope in i'ront 

jjvr. R. Miles, IIQcular Dominance Demonstrated by Unconscious Sighting," 
Journal of Experimental Psycholog.y (l929), l2:·ll3-l26. 



of you. Lift the cardboard shield to your eyes; squeeze it and look 

at me again." 

This was repeated until three trials had been recorded. 
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CHAPTER IV 

PRESENTATION AND AliJALYSIS OF DATA. 

Introduction. -- Selected factors in eye-hand coordination were 

studied in this experiment. The analysis herewith presented aims to 

determine the relationship of the data collected to the dynamic whole, 

i.e., demonstrated eye-hand skill. 

To determine the relationship of some of these factors to success 

in eye-hand coordinated activity, certain groupings appeared to aid in 

delimiting and organizing the study. The data are therefore considered 

on the basis of (1) sex, (2) extremes of skill, and (3) hand factors, 

(4) eye factors, and (5) eye-hand coordination as a wtmle. 

1. Grouping of Subjects 

Classifications. - One hundred male subjects and thirty female 

subjects took part in the formal experiment. A factor such as grip 

strength must logically be classified according to male or female 

standards. The writer did not know of any other factors in the study 

which would show a sex difference, but took the precaution of 

separating all the data into two sex groupings. 

The Regular Dart Score was also taken as a basis for classifying 

the subjects. The mean score for the preferred hand is shown in 

Table 1. 

-40-



1- - ----- ---- -- -- -- ------ --- - - -- - ---- - -- - --- --

Group 

(1) 

H 

Table l. Comparison of Regular Dart Scores of Groups 
of Adults Using the Preferred Hand. 

Standard 
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Gases Range Mean Median Standard Error of Difference 
Deviation "Difference Betweelil. 

Between Means 
Means 

(2) (3) (4) (5) (6) (7) (8) 

29 266-306 280.4 280 ,n.J.4 

t 

(9) 

3.832 ,58.62 1.5.3<** 
L 29 1.58-240 221.8 228 17.63 

M 100 1.58-306 2.51.9 2.52 2.5.37 
9.980 27 • .50 

F 30 66-27.5 186.7 202 .52.87 

** Significant at l per cent level of confidence. 

A study of Tables land 2 reveals that there was a considerable 

overlapping of the scores of males and females but that the males scored 

consistently higher as a group. Even the Low Skill Group (male) had 

higher mean and median scores than the total Female Group. (A further 

study of Table l reveals that there were more extremely low scores in 

the Low Skill (male) Group and in the Female Group. 

Table 2. Range of Regular Dart Scores. 
( ~ 

Group N Factor ~GE 

(l) (2) (3) (4) 

Male 100 Both Hands 126-306 
Preferred Hand Only 1.58-306 
Non-Pref. Hand Only 126-279 

Female 30 Both Hands 41-27.5 
Preferred Hand Only 66-27.5 
Non-Pref. Hand Only b.l-238 

2.7~ 



From this data the percentiles for the preferred hand scores of one 

hundred male adult subjects were determined as shown in Table 3. 

Table 3. Percentile Scores of Regular Dart· 
Scores of One Hundred Adult Males 
Using the Preferred Hand. 

Percentile Rank Regular_Dart Score 

1 2 

p90 285 .. 8 

Poo 273.0 

p70 265.6 

P6Q 258.1 

p50 251.9 

p40 246.2 

p30 21!0 .6 

P2o 235.1 

P1o 216.5 

42 

The writer is aware that the relatively small num.be:r of subjects 

precludes a consideration of percentile scores, as such. However, the 

J)th -and 70th percentiles were ehosen as arbitrary cut .off points to_ 

determine those who demonstrated comparatively high skill and those who 

demonstrated comparatively low ·skill. Therefore, 30 per ·cent of the - · 

male subjects scored 266 or better with the preferred hand and were 



43 

labelled the High Skill Group. The 30 per cent o:f the male subjects who 

scored 240 or less with the preferred hand were labelled the Low Skill 

Group. 

2. Reliability o:f Selected Test Items 

An attempt was made to determine the reliability o:f the majority o:f 

the test items as shown in Table 4. It will be noted that all o:f the 

test-retest reliability correlations are significant at either the 1 per 

cent or the 5 per cent level except the Binocular Vision Tests. These 

tests do have a highly significant odd-even score reliability, indicating 

that there is a constant present :for individuals at each test time which 

nay not be evident on another test date. The subjects were questioned 

a:fter the retest with regard to this phenomena, and reported such 

statements as: 

l. 11The last time I only saw one .marker, but today I 
definitely saw two. I couldn't decide which to 
ailn at, so I aimed in the middl.e.tt J.P. 

2. 11Last time it was terrible; I kept seeing two markers. 
I alw~s took the left one, though, because it 
seemed more clear ••• Today it was much better: there 
was only one t I think It m getting the hang o:f it 
now!u V.C. 

11 
The dominant image shifts in binocular vision. Therefore, this lack 

of reliability might be ex:r::ected. Because the odd-even score reliability 

is sufficiently high, this item was included in the experimental data. 

This difference in binocular test reliabilities was also reported 

i/T. H. Ea.roos, "Visual Handicaps to Reading, n op. cit., pp. 12, lS. 



Table 4. Reliability Coefficients of Selected Test 
Items. (Pearson Product-Moment Correlation) 

Item 

(1) 

Darts (Regular Score) Test/Retest 
Darts (Lat. Dev. Score) Test/Retest 
Darts (Regular Score) vs. Bean Bags 

Steadiness Test/Retest 
Tapping Test/Retest 
Peg Board Test/Retest 

Ma.noptoscope 
Binocular Near Distance Test/Retest · 
Binocular Far Distance Test/Retest 
Combined Near-Far Binocular Test/Retest 

Binocular Far Distance Test; Odd/Even Scores 

*Significant at the 5 per cent level of confidence. 
**Significant at the 1 per cent level of confidence. 

df 

(2) 

8 
8 
3 

10 
10 
10 

3 
3 
3 
3 

48 

44 

r 

(3) 

0.689* 
0~856~* 
0.892* 

o. 730** 
0.892*?(-
0.895** 
1.000** 
0.126 
0.451 
0.481 

0.923** 
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by Buxton. As was noted in Chapter II, he concluded that the high odd-

even score reliability validated the immediate test, but the low test-

retest and intervariable test results showed that there was no constant 
y 

eye preference factor. 

3. Presentation and Analysis of Hand-Skill Data 

Tables 5 and 6 present the results of the tests which dealt chiefly 

with hand factors. A study of the difference between the .n:eans presented 

in Table 5 reveals that there is a significant difference between the 

High Skill Group and the Low Skill Group nth regard to the Regular Dart 

Score. This was the basis for classifying subjects in either the, skilled 

or unskilled group. 

A further study of Table 5 reveals that the Steadiness Test has a 

difference in means which is significant at the one per cent level of 

confidence. There is no significant difference in means of the High 

Skill/Low Skill Groups with respect to the Tapping Test, Peg Board Test 

or Grip Strength Test. 

A study of Table 6 reveals ~hat there is a significant difference 

in the means of the Regular Dart Scores of the male and female groups. 

However, there is not a significant difference between male and female 

scores on the Steadiness or Tapping Tests. 

There is a significant difference between the male and female 

groups with respect to the Peg Board. Women are generally accredited 

yc. E. Buxton, and H. R. Crosland, op. cit., p. 461. 

yrbid., p. 461. 
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Table 5. Hand Skill Data; Comparison of High-skill and Low-skill 
Group Means 

Standard 
Factor Group Cases Means standard Error of Difference t 

Deviation Difference between 
between Means 
Means 

~1~ ~2~ r32 ~42 {52 {62 C7~ rs2 
Darts H 29 280.38 ll.l40 

3.832 58 .. 62 15 • .30** 
L 29 221.76 17.630 

Steadiness H 29 15.85 6.803 
2.244 7.43 3.31** 

L 26 23.28 9.460 

Tapping H 28 68.93 9.315 
2.477 0.70 0.28 

L 27 69.63 f).055 

Peg Board H 29 42.00 3.544 
0.855 0.30 0.35 

L 27 41.70 2.837 

Grip H 25 106.76 18.491 
7.070 7.31 1.03 

L 22 99.45 31.010 

**Significant at 1 per cent level. 
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Table 6. Hand Skill Data; Comparison of Male and Female Groups 

Standard 
Factor Group Cases Means Standard Error of Difference t 

Deviation Difference between 
between Means 
Means 

(1) (2) (3) (4) (5) (6) (7) (8) 

Darts M 100 251.92 25.37 
9.980 27 .. 50 2.76** 

F 30 186.67 52.87 ' 

Steadiness M 97 19.71 9.502 
2.004 0.92 0.46 

F 30 20.63 9.625 

Tapping M 97 70.11 8.745 
1.-933 0.31 0.16 

F 30 69.80 9.408 

Peg Board M 98 41.45 3-759 
0.825 1.72 2.08* 

F 29 43.17 3.948 

Grip M 81 108.48 23.62 
5.294 61.20 ll.56** 

F 18 47.28 19.51 

-*Significant at 5% level 
~PA;Significant at 1% level 
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with greater skill in fine coordination. The pegs may have been 

sufficiently small to favor the female group. 

There is also a significant difference in the Grip Scores of males 

and females, as one would expect. The fixed hand span type of 

dynamometer which was available was more appropriate for male adults. 

Therefore, the Grip Score for females is not included in certain 

compilations .. 

The analysis of varia.11.ce between hand sldll factors shown in Table 7 

iridicates that there are distinguishing variables in the battery of hand 

skill tests which are significant between tests and between individuals~ 

Table 7. Analysis of Vp.riance between Hand Skill Factors. 

Source Sum. of df Mean 
Squares Squ~re F 

(l) (2} (3) (4) (5) 

Groups (H-L) 206 l 206.00 5.07* 

Tests 758 3 252.67 6.22** 

Interaction 657 3 225.00 5.54** 

Subjects 11784 43 274.04 6. 75** 

Residual. 5238 129 40.60 

Total 18661 179 

*Significant at the 5 per cent level of confidence. 
**:Significant at the 1 per cent level of confidence. 
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The Pearson Product-Moment correlations between Regular Dart Scores 

and ·the various hand skill tests used in tbi.s exr:eriment are pres en ted 

in Table 8. It will be noted that the Steadiness test which is significant 

£or both male and female groups,. appears to lose its predictive strength 

with the Low Skill Group. It would appear, therefore, that_ in the group 

studied in this exr:eriment, steadiness or neuromuscular control was more 

closely related to success in dart throwing than failure in the skill. 

Therefore, failure in dart ·throwing might be more closely related to some 

other factor. A further study o£ Table 8 shows that the High Skill Group 

Regular Dart Scores are more highly ·correlated with the Steadiness and . 

Tapping Tests. The Low Skill Group Regular Dart Scores are more highly 

correlated with Peg Board and Grip Strength Tests. Therefore, within the 

High Skill Group, there was a tendency £or subjects Who received higher 

scores on the Dart Test also to obtain higher scores on the Steadiness 

and Tapping Tests, and vice versa. Within the Low Skill Group, there was 

a tendency for subject who received lower scores on the Regular Dart Test 

also to obtain lower scores on the Peg Board and Grip Strength Tests, and . . . . . 

vice versa. 

A study of the T-Score Means shown in Tabl,e 9 reveals that the High 

Skill Group has a higher group mean on all the hand skill tests ~xcept 

the Tapping Test, as was previously shown in Table 5. By converying the 

raw scores to T-Scores, a comparison· o£ the· various test means is more 

readily made • (Figure l.) 



Variable 

(l) 

Steadiness 

Tapping 

Peg Board 

Grip 

Table 8. Linear Correlations between Regular Dart 
Scores and Selected Hand Tests Administered 
to One Hundred and Thirty University Students. 

High Low Total Female 
(N-29) (N-29) Male 

(N-100) (N-30) 

(2) (3) (4) (5) 

0.179 -0.032 0.276** 0.363~'-

0.258 0.023 0.034 0.098 

-0.070 0.291 0.031 0 .• 456** 

0.096 0.350 0.130 

*Significant at the 5 per cent level of confidence. 
**Significant at the 1 per cent level of confidence. 

y' 

50 

Table 9 .• Comparison of T~score Means of High and Low Skill 
Groups on Selected Hand Skill Tests for One Hundred 
Male Subjects Using the Preferred Hand. 

Group Steadiness Tapping Peg Board Grip All 

(lj (2) (3) (4) (5) (6) 

High Skill 55.03 54.43 54.69 51.07 53.00 

Low Sld.ll 46.95 57.19 52.58 49.93 51.66 

Total Male 51.26 55.72 53.70 50.54 52.73 

YT-Bcores were established on the data collected for both hands. Therefore, 
a T-Score Mean of 46.95 for the preferred hand for the Low Sld.ll Group 
indicates that the .mean for the preferred hand for this group was below the 
average score for both hands for the total male group. This is possible 
"because some m.elnbers of the High Skill Group scored higher than the T-Score 
of 50 with the Non-Preferred hand. 
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Figure l. A comparison of the T-Score means of the High and Low Skill 
Groups on Selected Hand Skill Tests. 
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4. Visual Test Data and Analysis 

A stuqy of Table 10 reveals that the t-ratio between the High Skill 

and Low Skill Group 1reans is not significant for either the Near Binocular 

Test or the Far Binocular Test. Also shown in Table 10 is a comparison of 

the means of the entire group on the two Binocular Tests. It is not high 

enough to be considered significant. 

Table 10. Comparison of Group Means of Binocular 
Vision Tests Administered to One Hundred 
Adult Males .. 

Standard 
Factor Group Cases .Means standard Error of Difference 

Deviation Difference between 
between Means 
Means 

Near Test H 29 6.Sl9 5.262 
1.239 0.749 

L 29 6.070 4.100 

Far Test H 29 7.S34 5.471 
1.25S 1.474 

L 29 S.369 3.997 

Near Test .M 99 7.015 5.214 
0.699 0.733 

Far Test M 9S 7 .. 997 4.4/51 

~Not significant. 

t 

~ 
0.604 

e/ 
1.172 

~ 
1.0413 
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Tables 11 and 12 show that the analysis of variance between groups for 

the ~rear Distance Binocular Test (4 feet) and the Far Distance Binocular 

Test (20 feet) are not significant. 

Table 11. .Analysis of Variance Between High Skill­
Low Skill Groups and Near-Sight Scores. 

Source Sum of df Mean 
Squares Square 

(1) (2) (3) (4) 

Scores CH-L) 2.32 1 2.32 

Within 2774.56 56 49.55 

Total 57 

yNot significant. 

Table 12. Analysis of Variance Between High Skill­
Low Skill Groups and ~ar-Sight Scores. 

Source Sum. of df Mean 
Squares Square 

(1) (2) (3} (4) 

Scores (H-L) 15.68 1 15.68 

Within 3469.62 56 61.96 

Total 57 

~Not significant. 

F 

(5) 
y 

0.047 

F 

(5) 
il 

0.253 
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Table 13 shows the results when the Near-Far Binocular Tests were 

combined to determine if there was a significru1t variable between individuals 

or groups. There is a significant difi'erence between individuals when the 
y 

Near-Far Test scores are combined. 

Source 

{l} 

Groups (H-L) 

Tests (N-F) 

:rnteraction 

Subjects 

Residual 

Total 

Table 13. Analysis of Variance Between High· Skill­
Low Skill Groups and the Combined Near-Far 
Binocular Tests. 

~um of df Mean 
Squares Square 

{22 ~3~ ~42 

-3.45 l 3.45 

91.54 l 91.54 

20.26 l 20.26 

2422.70 56 43.26 

523 .. 9S 56 9.35 

115 

*7GSignificant at the 1 per cent level-of confidence. 

1JBuxton, op. cit., p. 461. 

.F 

~5l 

<l 

9.79** 

2.17 

4.6.3** 
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5. Lateral Deviation Score Data and Analysis 

A study of Table 14 shows that there is a significant difference 

between the group means of High Skill and Low Skill Groups with respect 

to the Lateral Deviation scores. . There is also a significant difference 

in the right and left deviation scores between the male and fermle groups. 

Group Cases 

H 29 

:r, 29 

M 99 

F 29 

Table 14. Comparison of Group Means_ o;f the 
Lateral Deviation ScoresJ/ 

Standard Difference 
Means Standard Error of Between 

Deviation Means Means 

27.38 '8.01 
3.ll07 6.68 

44.28 14.69 

35.21 13.75 
6.248 30.76 

65.97 32.82 

*Significant-at the 5 per cent ·level of confidence.­
**Significant at the 1 per cent level of confidence. 

t 

2.15* 

4.92** 

The Lateral Deviation Score analysis is presented in Tables 15 and 16. 

There is a significant variable in the Lateral Deviation Score which is 

significant between groups and individuals. Table 15 shows that there is 

a significant difference (as above, in favor of the group w:i.th the better 

Regular Dart Score) with respect to right/left errors. 

1/The Lateral Deviation Score refers to the total right and left deviation 
scores, unless otherwise specified. This method of analysis was used in 
comparing groups to cancel the preferred-hand factor. See Table 16 and 
discussion in text. 



Source 

(1) 

Groups (H-L) 

Scores 

Thteraction 

Subjects 

Residual 

Total 

Table 15 • Analysis of· Variance of' Lateral 
Deviation Scores of' High Skill/ 
Low Skill Groups. 

Sum of' df Mean 
Squares Square 

(2) (3) (4) 

250.13 1 250.13 

33694.62 3 11231.54. 

7222.09 3 2407.36 

13929.88 56 248.74 

59212.54 168 352.46 

231 

**Significant at the 1 per cent level of confidence. 

Source 

(1) 

Scores (R-L) 

Subjects 

Residual 

Total 

Table 16 • .Analysis of ·variance of Lateral 
Deviation Scores :for Right Bani-
Preferred Only. · 

Sum of' df Mean 
Squares . Square 

(2) (3) (4) 

3325.60 1 3325.W 

. 8696.80 82 106.06 

16454.90 82 200.67 

165 

~~~ignificant at the 1 per cent level of confidence. 

56 

F 

(5) 

<1 

31.86** 

6.83** 

<I 

F 

(5) 

16.57**-

<.1 
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Table 16 shows the results when the Lateral Deviation Scores of 84 

male adults who preferred to use the right hand for dart throwing were 

analysed. The scores for each individual were compared on the basis of 

total left-of-the-center zone errors, vs. total right-of-the-center zone 

errors. Only those subjects who preferred the right hand were considered 

in this analysis.. A study of Table 16 reveals that the scores were not 
y 

evenly distributed to the right or left of center. 

A study of Table 17 shows that the linear correlation between the 

Lateral Deviation Score (right-left total) and the Steadiness Test is 

significant at the one per cent level. The Tapping, Peg Board and Grip 

Tests are not significantly related, nor are the Binocular Vision Tests. 

Table 17. Linear Coefficient of Correlation Between the Lateral 
Deviation Score and the Six Eye-Hand Tests Administered 
to Ninety-Nine Male Adults. 

Variable 

1 

steadiness .............................. ' ...... . 
Tapping ..................................... . 
Peg Board ...............................•.... 
Grip .......................... • ................ . 
Near-Sight Test ............................. . 
Far-Sight Test.-.. · ............................ . 

Regular Dart Score ..........................• 

Coefficient of Correlation 

2 

0.28B** 
0.180 
0.165" 

-0.145 
-0.001 
-0.032. 

0.173 

**Significant at the 1 per cent level of confidence. 

17A study of the raw scores revealed that the right handed persons tended to 
throw the darts to the left of center. (Appendix A.) 



6 • Summary of Data 

The summary of correlations presented in Table 18 and 19 reveals that 

the Stea,diness Test and the Far Distance Binocular Test are consistently 

and significantly related to the Regular, Dart Score. 

Table 18. Summary Table; Significance of Difference 
of Group Means. (Preferred Hand) 

Group 

(1) 

High-Low Groups 

Male-Female 

Low Group 

High Group 

Factor 

(2) 

Regular Dart Score 
Steadiness -
Tapping 
Grip 
Peg Board 

Preferred Hand 
Both Hands 

Lateral.Deviation Score 

Regular Dart Score 
Steadiness · 
Tapping 
Grip 
Peg Board 
Lateral Deviation ScSJre 

Between Regular Dart 
Score and Lateral 
Deviation Score 

Between Regular Dart 
Score and Lateral 
Deviation Score 

Significance Level 

(3) 

1% 
1% 

Not significant 
Not significant 

Not significant 
5% 

5% 

1% 
Not significant 
Not significant 

(1%) 
5% 
1% 



Factor 

~12 

Score 

Steadiness 

Tapping 

Peg Board 

Grip 

Near Test 

Far Test 

Table 19. S1.lln.lmry Correlation Table; Relationship 
of Selected Eye-Hand Factors to 
Demonstrated Success in Dart Throwing. 
(Preferred Hand Scores Compared) 

Score Steadiness Tapping Peg Board Grip Near Test 

~2l ~32 (4~ ~5~ ~61 ~72 
0.276~~- 0.034 0.031. 0.130 0.051 . 

0.27ffo* 0.162 0.218* 0.073 0.262** 

0 .. 034 0.162 0.307** .... 0.143 0.016 

0.031 0.21&~ 0.307*"1!- 0.121 -0.012 

0.130 0.073 -0.143 0.121 -0.040 

0.051 0.262*->~ 0.016 -0.012 -0.040 

0.281** 0.191 -0.069 0.016 -0.260** 0.651 

*Significant at the 5 per cent level of confidence. 
**Significant at the 1 per cent level of confidence. 
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Far Test 

(B~ 

0.281** 

0.191 

-0.069 

0.016 

-0 .. 260** 

0.651 
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The coefficient of multiple correlation for these .factors is:; 

2 
The Coefficient of multiple determination is 0.1326. (R 1 •23) Therefore, 

13.26 per cent of the variance in the Regular Dart Scores is determined 

by the Steadiness and Far Distance Binocular Tests. It may be stated 

.further that 7.6 per cent of the variance in Regular Dart Scores is due 

to the Steadiness variable and 8.1 per cent of the variance in the Regular 
y 

Da~ Scores is due to the Far Distanc·e Binocular variable. The standard 
. '.. . 

Error of Estimate ( "J:.23) is 7. 30, which means that two-thirds of tbe 
. ' . . . . y ' 

obtained xl values lie within 7.3 points of the predicted xl. 

The Far Distance Binocular Test may function as a measure of, or be 

related to, binocular judgment of distance. This test may therefore be 

interpreted as related to depth rerception as it is reflected in this 

score. 

"JJ J. P. Guilford, Fundamental statistics in Psychology; and Education~ 
McGraw-Hill Book Company, Inc., New York, 1956, pp. 397-398. 

gfibid~, PP• 397-398. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

1. Surrunary 

This study was undertaken to determine the relationship of selected 

hand factors and selected visual factors to demonstrated success in eye-

hand skill. The problem may be further defined as attempting to answer 

the following questions: 

1. Is eye-hand skill chiefly a resultant of specific eye and 
hand variables? Or is it a dynamic, non-factorable 
variable in its ovm right? 

2. Do these variables transcend distinctions of skill levels 
and/or sex distinctions? 

3. Are there some identifiable factors which distinguish 
highly skilled persons from low skilled groups? 

4. After a review of the literature, what factors in eye­
hand skill appear to be undefined? 

The experiment was conducted in two phases: 

1. A pre-test p-hase was conducted at the University of Dayton during 

the fall and Winter months of 195g-59, during which thirty-five 

(eighteen males and seventeen females) undergraduates took part. 

The chief purpose of this phase was to establish test procedures, 

instructions,to subjects, scoring techniques, etco 

2. The formal exp3riment was carried out at Boston University during 

the spring and summer months of 1959. 

-61-
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One hundred male students and thirty female students served as 

subjects. For more thorough analysis of data, the one hundred male 

students were also considered on the basis of those demonstrating high 

· skill (70th percentile or higher) and those demonstrating low still 

(30th percentile or lower) • 

Both male and female groups were subjected to a battery of four 

tests of hand skill, three visual tests and a dart throwing test which 

was considered a measure of demonstrated skill in eye-hand coordination. 

The Dart Test involved an underhand throw at a target twenty feet 

distant. This combination of factors was used because:: 

a. The nnderhand throw was a simp~ kinesthetic movement. 

b. Probably none of the subjects would have exparienced 

throwing darts underhanded at a distant target. 

(Therefore, none would have an immediate psychological 

or kinesthetic advantage.). 

c. The twenty foot distance paralleled the distance used 

in the Binocular Vision Test. 

The hand factors were selected largely on.the basis of a report by 

lJ 
Fox which states that the basic factors in hand skill are: 

l. strength 

2. speed 

3. accuracy 

yMargaret G. Fox, op. cit., p. 328. 



Each of these factors was measured in the present experiment: 

1. Strength was measured directly by a spring-type dynamometer. 

An early stuqy with a Smedley adjustable grip dynamometer 

yielded comparable results. 

2. Speed was measured in the present experiment by the Tapping 

Test. A subject was asked to tap alternately, in quick 

succession, each of two plates. 

3. Accuracy was measured in the present experiment under both 

static and dynamic conditions: 

"a. The Steadiness Test measured the subject1 s static 

hand control or accuracy. 

b. The Peg Board measured the subject's dynamic hand 

control or accuracy. 

(It should be noted that the Peg Board score also 

reflects speed Cl.lld near-distance eye-hand coordination 

as a whole.) 
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The visual tests were selected on the hypothesis that in binocular 

vision, one f3ye may be dominant. A skill such as hitting a target 

involves aligning an object with a reference, or target, point. If the 

right hand is used, it will make a considerable difference whether the 

right eye or left eye is dominant in the binocular situation. 

The visual tests used were; 

l. Miles v-scope or lila.n.optoscope; a test of monocular eye preference 

with high reliability .. 

2. Two tests of binocular dominance~ 



a. A Near-Distance Binocular Test was used to obtain aiming 

scores. A moveable sight at a distance of 4 feet was 

aligned with a marker 20 feet distant. Ten readings were 

obtained with the subject using both eyes.; three readings 

were then obtained with each eye separately. 

b. .A Far-Distance Binocular Dominance Test was used to 

obtain aiming scores. In this test a moveable sight 

at a distance of 20 feet was aligned with a marker 

4 ·feet dis.tant. Ten readings were obtained with the 

subject using both eyes; three readings were obtained 

with each eye separately. 

The Dart Throwing Test was also scored according to deviations to 

the right and left of center, regardless of height. The hypothesis was 

that the right-left binocular was more closely related to right-left 

deviations in target throwing. 

2. Results of the Experiment 

The results of the experiment were as follows : 

1. Hand Factors 

a. The steadiness Test was significantly related to 

demonstrated success in dart throwing. 

(1) There was a relationship significant at the one per 

cent level of confidence between the dart scores of 

one hundred males and the steadiness scores of these 

.same subjects. 
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(2) When the High Skill and Low Skill Groups were compared, 

there was a difference in group means significant at 

the one per cent level of confidence. 

(3) The scores of the female group also showed a 

significant relationship to the scores achieved on 

the steadiness Test. 

b. There was a difference between the male-female group 

means on the Peg Board Test which was significant at the 

five per cent level of confidence. 

c. There was no significant relationship evident between 

skill in dart-throwing and the following: 

(1) Tapping 

(2) Grip 

(3) Peg Board (males) 

Eye Factors 

a. There was no significant difference between the High Skill and 

Low Skill Groups on ax:ry of the visual tests administered in 

this experiment. 

b. There was a low positive correlation ( r • 0.281), significant 

at the one per cent level of confidence, between the Regular 

Dart Scores and the Far Distance Binocular Tests. This means 

that there was a tendency for subjects who had a stronger 

pattern .... :of binocular eye dominance to score higher on tb.e 

dart throwing test. 

c. There was a variance significant at the one per ce:m.t level, 

between subjects on the Near-Far test scores combined. 
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d. The results obtained on the vision tests are comparable 
!I 

to those obtained by Buxton. 

3. Success in Eye-Hand Skill 

a. Dart throwing~ as administered in the present study, 

proved to be a reliable test. 

3. Conclusions 

The following conclusions may be drawn from this study: 

1. Success in underhand target throwing is significantly related 

to steadiness or neuromuscular control. 

2. SUccess in underhand target throwing is not significantly 

related to (1) speed, as measured by tapping or peg board, 

or (2) strength, as measured by grip. 

3. For the males tested in this study, success in underhand 

tliTowing at a target twenty feet distant was not significantly 

related to putting pegs in holes (targets) at~ a near distance. 

This item proved significantly related to target throwing for the 

female group. 

4. The female group scored significantly lower on the dart throwing 

item. The only significant difference in test item scores was 

that the females scored higher on the Peg Board Test. 

5. There is some indication from this study of a significant 

binocular dominance variable related to success in eye-hand 

coordinated skill. 

1f c. E. Buxton and H. R. Crosland, op. cit., p. 461. 
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4. Limitations of the Study 

Selection of Subjects. - - The male subjects, selected on the basis 

of having had opportunity to develop throwing ski.ll, were almost exclusively 

majors in physical education. The female subjects were chosen at random. 

(There were ten women J:i:lysical education majors; their scores ranged 

from 80-254, with a median of 213.) These samples were selected for the 

purposes of this study and do not reflect the complete picture of male 

or female capacity in eye-hand coordination. 

Binacular ~'Dominance. - - There was some indication in the present 

study that success in eye-hand coordination may be a function of distance 

binocular eye dominance. The writer feels that the apparatus was not 

sufficiently sophisticated to yield completely valid results. 

Peg Board Test. - - The size of the pegs may have favored the female 

subjects. Therefore, this factor should be considered in later tests. 
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Case 
No. 

82 
36 
21 
48 
83 
79 
90 
99 
32 
26 
5 

27 
42 
80 
7l 
78 
70 
95 
92 
87 
89 
64 
96 
62 
23 
18 
93 
60 
46 
68 
61 
41 
98 
81 
88 
73 
57 
3 

59 
66 
45 
14 

Table 20.Raw Scores in the Hand Skill Tests 
(Average Group) 

Darts 
I 

l 

Steadiness Tapping Pegs Reg. Score 
R L R L R L R L 

242* 204 19.29 22.44 70 55 41 33 
. .' .. 24Zt- 219 2D.50 28.39 75 70 43 42 

244* 2D4 3~61 3.72 00 72 44 44 
244* 181 14.83 8.49 82 65 36 39 
187 245* 24.ll 39.36 56 69 42 41 
246~' ,, :;n6 14.89 18.50 66 56 44 37 
2477f 274 12.61 9.17 79 67 47 39 
198 24'(lf ll.65 13.34 52 60 31 32 
247* :;!)8 21.10 26.59 65 58 37 35 
247~~ 237 15.40 15.00 77 72 47 41 
248* 180 36.22 44.80 6o 46 37 34 
24%- 227 25.43 26.03 58 49 46 42 
249* 211 22.94 24.10 66 67 39 39 
24~~ 189 14.79 21.78 64 56 41 40 
249* 192 17.04 39.72 71 67 47 39 
249* 191 15.04 20.90 71 60 45 43 
250* 224 17.34 ·19.26 77 64 41 41 
251* 148 25.37 26.40 79 63 39 43 
251~f: 244 "27.57 32.79 77 63 37 35 
251* 183 20.84 4).69 72 68 48- 37 
2527~ 223 14-14 19.06 59 54 45 40 
224 252* 13.58 10.25 64 63 2S 30 
254* 170 23.29 27.59 70. 49 41 31 
254* 227 15.97 26.89 66 62 39 37 
254* 199 7.46 13.32 71 62 34 33 
254* 225 ll.13 13.63 83 75 44 41 
255~f 222 19.31 17.13 87 72 43 43 
255* 230 10.55 !],.40 73 61 41 40 
255* 175 11.19 18.51 72 65 40 43 
257* 173 18.26 22.82 82 68 37 41 
257~- 257 35.07 39.34 73 57 40 37 
259* 238 2.76 4 .. 28 00 61 43 40 
260* 191 40.67 28.56 77 41 51 36 
261* 186 24.43 23.68 68 59 40 34 
262-~ 11 224 40.46 43.40 43 56 23 40 
253 262* 26.69 42.73 62 64 38 36 
262* 255 22.94 13.05 81 76 43 43 
262* 212 15 .. 30 14.54 71 59 35 42 
263~f 242 21.14 15.50 74 61 41 38 
264* 254 24.71 16.12 82 64 43 36 
196 264* 34.26 17.82 52 55 36 40 
265~f-- 225 25.40 4l~.61 66 65 40 38 

68 

Grip 

R t 

132 85 
122 112 
.93 98 
-~ --
91 109 

130 108 
132 92 
- --
110 82 
165 150 
ll6 92 
120 92 
- -
105 85 
102 102 
109 99 
100 110 
122 110 

93 62 
92 79 
---
120 109 
120 90 
152 109 
106 102 
125 145 
102 80 
125 132 
ll3 125 
125 118 
144 138 
120 98 
102 94 -- --
-- -
145 130 
-- 95 
."9:0 '.75 
98 98 

142 12D 
82 88 

- --



Table 21. Raw Scores in the Hand Skill Tests (High Skill Group) 

Case Darts Steadiness Tapping Pegs drip No. Reg. Score 
R· L R L R L R L R L 

53 2.53 306-JE- 17.95 18 .. 75 7l 84 40 43 ll9 llS 
75 305* 2.60 4.43 8.01 65 59 39 39 141 103 
76 2.99* 210 14.12. 2.3.60 72. 66 40 35 92. :75 
77 2.95* 2.2.3 2.6. 96 2.3 .53 - - 37 38 109 94 
97 2.94~~ 2.53 13.55 14.65 63 47 37 40 103 110 
43 288* 2.34 9.21 5.32 78 77 42. 43 92 92 
8 '2E7* 2.2.2 12.54 23.84 62. 52 4D 42. 103 89 
ll 285if 2.34 l2..67 10.44 60 64 44 40 151 112. 
54 2.85* 212 18.38 24.18 00 63 45 42 102 85 
94 2851€- 241 l2..84 10.2.6 70 62. 42. 43 114 90 
67 283* 218 9.83 ll.OO 79 74 47 42 110 83 
2.4 2133* 2.2.5 7.52 25.45 Sl 68 50 43 90 45 
25 2131:~ 250 18.22 13.77 78 59 43 43 llO 82 
63 281~€- 243 14.47 19.92 53 52 44 41 90 no 
4 278* 2.48 21.00 19.73 7l 55 46 43 - -

58 277~ 238 28.85 22..51 74 62 45 41 llO 65 
17 276 238 6.53 6.21 62 55 47 41 us ll9 
86 275* 280 5 .• 72 27.56 54 66 4D 37 99 92 
51 2.67 274* 27.30 8.32. 46 61 29 36 - 70 
7· 274-* 2.44 l2..97 29.30 67 61 35 35 - -

44 'Zl4* 2.79 14.54 12.17 92 77 46 50 - -
15 273* 215 15.64 28.48 73 6o 43 42 100 110 
31 271* 222. 18.35 29.73 63 58 41 39 97 91 
40 :;D6 268* 28.4D 24.'2h 59 70 37 41 00 73 
as 267* 253 23 .• 2.9 57.03 68 56 41 40 134 B2. 
52 267* 245 27.59 24-77 70 52 41 42 128 143 
37 267* 199 1l.2B 2.2.. 94 56 46 42 37 - -
3B 267* 242 25.37 3l .• ll 60 52 37 34 116 106 
33 266* 245 21.80 23.55 64 56 44 44 99 B9 



Case 
No. 

69 
22 
39 

6 
74 
56 
34 
50 
16 

9 
19 
35 
12 
65 
47 
Z1 

100 
72 
55 
1 

91 
30 
2 

28 
35 
86 
85 
2) 
49 
13 

Table 22. Raw Scores in the Hand Skill Tests 
(Low Skill Group) 

I 
' Darts 

·Reg. Score 
Steadine~s Tapping Pegs 

R L R L R L R L 

158* 198 12~24 29~44 76 71 42 46 
193~~ 182 42~04 59.13 60 47 34 2S 
a)2* . 139 39.20 53~97 65 50 37 32 
171 207* 35~12 26;24 60 62 4l 44 
208* 142 16.24 3:84 64 65 43 34 
211* 187 - - - - - -
211~- 163 16~10 8~66 74 69 42 41 
214 212* 14;72 16.:03 50 4£3 38 42 
21Zf 198 13~31 6~59 68 55 44 43 
215* 214 '21·¥-;78 29.)9 62 53 38 37 
131 216* - - 58 68 - -
218* 226 15~08 14~01 S5 78 43 40 
2203~ 140 36;26 29 •. 99 69 55 36 36 
224* 219 31~86 24-:10 68 53 4fJ 41 
228* 226 22.39 18.32 65 58 . 45 38 
126 230* 12~87 9~70 60 7l 35 44 
230* 196 22~65 28~56 74 51 40 38 
215 231* 14-.31 9.31 7S 87 44 45 
2327!- 228 2)~55 14:24 64 70 44 38 
235-lt- 167 Z7 .50 28~29 65 64 42 37 
236-Y· 190 38".86 37~8-4 66 63 46 4l 

. 236* 225 . 22.91 34;00 a6 70 40 39 
23~f 240 12.39 9;97 73 69 44 38 
237* 233 16 .. 98 12~47 77 61 43 45 
23~!- 254 24.48 24.74 S2 72 44 48 
233 2313* 40.46 43.40 43 56 23 40 
233 238-ll- 30.44 38.17 79 72 40 4l 
23~J- 15S 24.94 23.18 61 5S 42 42 
239* 20S 24.19 34.17 78 47 4l 36 
23~!- 234 - - - - 40 36 

70 

Grip 

R L 

- -
80 65 
70 56 
- -

104 86 
- -

123 130 
35 71 
- -
96 84 
70 65 
97 73 

108 92 
92 107 

120 9S 
115 141 
158 127 
126 104 
120 98 
110 77 
- -

.79 121 
- -

132 125 
S7 89 
- -

100 108 
ll7 102 
:.69 55 
- -



Case 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

' 27 
28 
29 
30 

Darts 
Reg. 

R 

186 
106* 
191* 
41 

164* 
253* 
220* 
2Jl 
86* 

237* 
190* 
66* 

249* 
25~~ 
275 
l85* 
216~~ 

135* 
168 
236~f-
180* 
202-'.k 
138* 
236~~ 
2377f 
230* 
80* 

Table 23. Raw Scores of the Hand Skill Tests 
(Female Grou:J?) 

Score Steadiness Tapping Pegs 

L R L R .L R L 

202* 18.72 5L.08 68 57 38 41 
143 :as .12 17~43 76 55 ~ 40 
174 27.18 24~94 75 76 45 40 
1361~ 17.00 31.19 50 81 42 45 
139 ll.34 16.48 64 76 44 44 
169 22.21 24.02 67 58 41 43 
209 16.66 11.31 55 58 43 38 
215* 19.18 ll.04 65 66 44 45 
1ll 25.19 28.11 87 72 39 38 
186 25.97 35'.15 43 56 42 44 
161 30-.89 23~29 61 51 43 39 

54 23:16 36~15 63 54 45 41 
181 15~33 13~16 83 67 49 49 
238 7".13 9~86 83 00 50 43 
210* 7~80 8~04 62 69 44 45 
182 22~32 25'.12 72 66 47 35 
209 13~63 14~21 61 68 43 45 
~09 16.56 17.87 54 65 32 37 
145* 33.02 24.28 70 71 44 45 
148. 12.40 2J.45 83 68 . 47 43 

79 37~70 33.68 64 64 43 35 
209 21.73 15.32 81 66 41 45 
101 21.69 26'.13 72 69 41 43 
176 27 .• 64 26~33 61 54 42 41 
154 4:23 4:12 73 62 46 40 
193 15.43 17:61 81 .69 - -
135 l8~40 22~41 65 58 40 43 

226 210 ll.90 19.33 72 61 47 43 
161 216 13.42 . 8.70 72 76 39 41 
214 177 25.07 26.98 82 71 48 45 

71 

-Grip 

R L 

18 24 .. - -
65 59 
- -
- -
42 33 
28 14 
- --- --
58 54 
- -
2J 16 
85 69 - -
64 64 
65 35 
-- -
-- --
25 23 
32 27 
- -
80 68 
-- -
56 56 
30 26 
34 31 
56 30 
-- -
35 28 
54 40 



Table 24. Raw Scores of Lateral DeV'iations of Dart Scores. 
(High Skill Group) 

Case Right ijand Left Hand 

72 

No. . L. of C. R. of C • L. of C. R. of C. 
. . 

53 -45 13 -19 3 
78 -8 t5 -19 38 
76 -5 10 -13 52 
77 -6 24 -3 54 
97 -25 '2 -14 33 
43 -4 19 ..:.3 46 
8 -27 12 -8 54 

ll -17 2 -2 45 
54 -10 I2 -20 48 

~ 

94 -15 06 -9 21 
67 -9 '7 ..:.2 43 
21 -22 16 -20 37 
25 -8 '9 -12 20 
63 -16 ·a -30 28 
84 -6 34 .• -9 '9 
4 -11 16 -18 45 

58 -20 21 -17 29 
17 -22 7 -21 32 
51 -35 23 -23 s 
7 -20 .. 8 -11. 39 

44 -17 '8 -13 19 
15 -ll 5 -10 37 
31 ~3], s -15 53 
J.l) -98 4 -22 ''14 
88 -34 2 -6 44 
52 -9 16 -20 28 
37 -29 7 -5 75 
38 -6 IS· -6 62 
33 -16 .5 -7 27 

. 



Table 25. Raw Scores of Lateral Deviations of Dart Scores. 
(Average Skill Group) 

Case Right Hand Left Hand 
No. L. of Co R. of c. L. of C. R. of c. 

82 -21 76 -15 42 
36 -19 12 -1 73 
21 -19 14 -35 31 
48 -8 1.6 -5 61 
83 -70 2 -19 13 
79 -26 10 -22 61 
90 -7 10 -2 50 
99 -42 13 -19 12 
32 -15 19 -29 25 
26 -22 4 -22 12 
5 -57 11 -45 15 

27 -7 10 -4 34 
42 -10 lO -6 38 
00 -3 17 -7 32 
71 -57 8 -15 78 
78 -40 8 -17 52 
70 -26 5 -5 43 
95 -23 3 -3 150 
92 -45 0 -27 43 
87 -i7 39 -24 97 
89 -42 7 ' ~15 25 
64 -26 14 -6 28 
96 -35 6 -21- 58 
62 -6 17 -9 48 
23 -14 40 -10 57 
18 -:-38 1.8 -12 38 
92 -?IJ 4 -34 48 
{:[) - - - -
46 -24 9 -7 . 82 
68 -20 1 -4 56 
61 -9 18 -13 19 
41 ..:.14 5 -19 47 
98 -21 6 ~2 95 
81 -33 9 --6 63 
24 -28 33 -20 Zl 
73 -19 17 -3 34 
57 -42 9 -18 18 
3 -10 28 -24 57 

59 -17 10 -14 19 
66 -26 2 -27 22 
45 -68 3 -8 18 
14 -23 14 -6 50 

73 



Table 26. Raw Scores of Lateral Deviations of Dart Scores. 
(Low Skill Group) 

' ' 
Case Right Hand Left Hand 

74 

No. 
L. of C. Rt. of C. L. of C. R. of C. 

69 -26 16 -22 4S 
22 -50 20 -42 39 
39 -36 34 -1 106 
6 -89 6 -20 44 

74 -44 2) -3 102 
56 -24 7 -13 81 
34 -65 4 -4 112 
50 -20 27 -19 39 
16 -12 20 -18 23 

9 -14 42 -15 76 
19 -117 11 .:...3 41 
35 -28 2 -5 52 
l2 -49 3 -1 126 
65 -38 20 -4 33 
47 -12 12 -20 32 
',C) -23 60 -23 l4 

100 -37 l2 -9 74 
72 -13 39 -3 32 
55 -20 8 -3 20 
1 -20 23 -23 54 

91 -17 36 -13 37 
30 -0 44 -5 47 
2 -10 19 -ll 34. 

28 -13 l4 -15 29 
35 -18 14 -5 20 
85 -12 21. -17 46 
20 -8 20 -9 67 
49 '-62 4 -0 96 
13 -28 7 -1 43 



Table 27. Raw Scores of Lateral Deviations of Dart Scores. 
(Female Group) 

Case Right Hand Left Hand 

75 

No., L. o;f C. R. oj C. L .• of C. R.. of C. 

1 -49 9 -ll 42 
2 -101 33 -7 113 
3 -2D 66 -33 52 
4 -26 37 -15 100 
5 -42 0 -19 50 
6 -ll 25 -18 25 
7 -82 14 -ll 39 
8 -23 128 -71 73 
9 -35 6 -24 57 

10 -15 35 -16 58 
ll -18 127 ..,..9 146 
12 -24 .. 10 -15 35 
13 -7 23 -16 19 
14 -20 9 -31 12 
15 ..,.24 24 ..,-27 53 
16 -43 4 " -9 72 
17 -.98 4 -L3 119 
18 -69 3 -12 81 
19 -.24 22 -19 102 
2D -73 32 -146 62 
21 -44 0 -2 54 
22 -82 5 --18 77 
23 -33 1 -12 79 
24 -57 3 -3 77 
25 - - - -
26 -43 36 -10 109 
27 -69 4 -42 18 
28· -14 25 -7 42 
Z) -44 49 -42 16 
30 -39 4 -ll 63 



Case No. 

53 
75 
76 
71 
97 
43 

B 
ll 
54 
94 
67 
24 
25 
63 
84 
4 

58 
17 
51 

7 
44 
15 
31 
WJ 
00 
52 
37 
3B 
33 

Table 28. Raw Scores of Vision Tests. 
(High Skill Group) 

Far Test Near Test 

?.60 .17 
1.10 .01 

15 .. 20 3.98 
5.90 ·-.48 

-13.60 -2.73 
8.90 2.14 

13.-50 . 3.36 
-2.40 -1.76 
2.90 .57 

16.10 3.77 
6.ol0 2.53 
8.50 3.77 

13.23 -2.05 
8.31 1.69 

l3.6o 3.88 
9.89 2.09 
-.20 -.56 

10.52 -.21 
-9.21 -2.21 
12.20 2.97 

1.52 -.02 
6.10 1.31 
5.69 2.32 
5.4$ 1.03 

-2.10 -1.15 
10.30 1.40 
-8.38 - .09 

5.01 1.94 
3.61 0.30 

76 

y 

V-Scope 
.. 

LLL 
RRR 
RRR 
LLL 
LLL 
RRR 
LLL 
LLL 
LLL 
RRR 
RRR 
RRR 
LLL 
RRR 
RRR 
RRR 
LLL 
LLL 
LLL 
RRR 
LLL 
RRR 
LLL 
RRR 
LLL 
LLL 
LRR 
RRR 
LLL 

1J Average of sighting scores. Scores are in centi..meters. A minus (-) 
score ind:Lcates an average reading to the left of center. A positive 
score indicates an average score to the right of center. 



Case No. 

69 
22 
39 
6 

74 
56 
34 
50 
16 

9 
19 
35 
12 
65 
47 
C) 

100 
72 
55 
1 

91 
30 

2 
28 
35 
85 
2) 

49 
13 

-. 

Table 29. Raw Scores of Vision Tests. 
(Low Skill Group) 

Far Test Near Test 

-11.2) -.37 
6-.90 .68 
5.69 2.55 
7.07 .-?7 
6.31 1.43 
7.32 3.17 

k-2.90 2.25 
7·.28 -.45 

12.59 1."52 
12.62 2.71 

-12.20 -2.·32 
8.39 .-63 

14.50 3.02 
11.58 2.-26 

3.20 1.13 
-6·.89 -1.·77 
lh52 2.11 
12.10 3.83 
10.96 .-47 

·-1.15 .51 
-7.00 .-55 
3.61 .-49 

13.90 -.67 
k 9·.50 1.40 

2.4J. .:28 
·1.09 .-08 
10.11 2.;08 

...:;12.39 -1.,54 
12.72 2.;97 

77 

y 

V-Scope 

LLL 
LLL 
RRR 
LLL 
RRR 
RRR 
LLL 
RRR 
LRL 
RRR 
LLL 
RRR 
LLL 
RRR 
RRR 
LLL 
LLR 
RBR 
LLL 
RRR 
RBR 
LLL 
RRR 
RBR 
RRR 
LLL 
RRR 
LLL 
RRR 

jjAverage· of sighting scores •. Scores are in centimeters. A minus (-) 
s·core indicates an average reading to the left· of center. A positive 
score indicates an average score to the right of center. 



Case No. 

82 
36 
21 
4f5 
83 
79 
90 
99 
32 
26 
5 

27 
42 
00 
71 
78 
70 
95 
92 
87 
89 
64 
96 
62 
23 
18 
93 
60 
46 
6S 
61 
41 
98 
81 
24 
73 
57 
3 

59 
66 
45 
14 

Table 30. Raw Scores of Vision Tests • 
-(Average Skill Group) 

Far Test Near Test 

6.94 -.47 
-.36 .52 

13.04 . 2.S9. 
2.29 1.49 

-5.27 L53 
-9.84 -2.:59 
11.84 1;18 

.17 -1.;02 
9.64 2•95 
-.38 .62 
5.47 .20 

12.37 L44 
.38 .o98 
- -

8.59 . 4•52 
18.02 ;.88 

-.45 ~78 
4.45 L92 

-9.94 -1;87 
16.00 ::;.2•36 

7.58 6:12 
3.37 1:70 

-10.11 -2;50 
12.20 2.28 
11.92 2,;36 
-2.41 -1.71. 

8.21 3•56 
-9.35 -1.;59 
12.91 5•60 

8.89 •57 
1.55 k .09 

ll.81 2;96 
10.67 -·30 
12.87 2.30 
12.26 .90 
-1.34 -1.54 
11.81 · 3.20 
12.96 4.78 
9.10 .29 
1.68 2.60 

k6.54 -:33 
10.07 -2.65 

y 

v-scope 

RRR 
RRR 
LLL 
RRR 
RRR 
LLL 
RRR 
LLL 
RRR 
LLL 
RLR 
RRR 
RRR 
RRR 
RRR 
LRR 
RRR 
RRR 
LLL 
LLL 
RRR 
BEL 
LLL 
LLL 
RRR 
RRR 
LIL 
LLL 
RRR 
LLL. 
RRR 
RRR 
LLL 
RRR 
RRR 
LLI:;, 
LLL 
BRB 
RRR 
LLL. 
LLL 
RRR 

YAverage of sighting scores. Scores are. in centieters ~ A minus (-) 
indicates an average reading to the left of center. A positive score 
indicates an average score to the right of center. 

-



Case No. 

1 
2 
3 
4 
5 
6 
7 
s 
9 

10 
11 
12 
13 
14 
15 
16 
17 
lS 
19 
2.) 

21 
22 
23 
24 
25 
26 
27-
2S 
29 
30 

Table 31. Raw Scores of Vision Tests. 
(Female· Gr.oup) 

Far Test Near Test 
J 

-3.S6 ~.61 
.17 .• 06 

'"-'11.23 -.82 
1.95 -1.29 

-4.6S ., 36 .. 
-10.S5 .15 
11.74 .• 09 

2.10 -.02 
5.40 -2.42 

-2.05 1.43 
6-.20 1.01 

10.79 2.35 
14.10 -.77 
1.34 .16 
2.79 .22 

-1.74 -.5Q 
2.95 -1.59 
3.46 -.20 

12.20 2.29 
-.21 2.10 
7-77 1.19 
·.10 --.01 

-.52 --.70 
10.52 ~.11 

-1.10 -2.01 
1.51 .42 
1.15 ·.S5 
3.77 -.01 
6-05 -2.49 
2.6o 2.45 

79 

y' 

V......Scope 

RRR 
LLL 
LRB 
LLL 
LRR 
LLL 
RRR 
LRR 
LLL 
RLL 
RRR 
RRR 
LLL 
RRR 
RRR 
LLL 
LLR 
LLL 
RRR 
RRR 
RRR 
LLR 
RRR 
RLR 
LLL 
-

RRR 
RRR 
RRR 
RBR 

1/Average of sighting scores. Scores are in centimeters. A minus (-) 
score indicates an average reading to the left of center. A positive 
score indicates'an average score to the right of center •. -



APPENDIX B 



Sample Data Card (Side A) 

No: Na.~re: 

Date: 1 Hand Preference~ Comments; (Sports, Family, etc.) 
Writes -R L 
Eats - R L 
Throws - R L 
~ts -R L 

R L Deg. History: 
Worn glasses? Yes No 

Tapping Wear them now: 
Steadiness All the time? Yes No 

Grip Reading only? ··Yes No 
Contact lenses? Yes No 

Peg Board For the experiment? Yes No 
Arm Flerion Ever have eyes 
Manoptoscope e~ed by an eye doctor? Yes No 
Dart Score Has an eye doctor ever 

Lateral Dev. 
told you there was 
anything abnormal? Yes No 

Score Be specific: . 
Rotations Rt. eye 

Lft. eye 
Together 

-- -·---- -·-~-- ------

~ 



Sample Data Card (Side B) 

. . 
Choice: Choice: Choice: 

I I 
B R L B R L B R L 

Manoptoscope :: 

1. 

2. 

3 • 

.. . 
~ 
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