
INFORMATION TO USERS

T h is  re p ro d u c tio n  w as made fro m  a ro p y  o f  a m a n u s c r ip t sent to  us fo r p u b lic a tio n  
and  m ic ro f i lm in g .  W h ile  th e  m o s t a d va n ce d  te c h n o lo g y  has been  used to  p h o ­
to g ra p h  and re p ro d uce  th is  m a n u s c r ip t ,  th e  q u a lity  o f the  re p ro d u c tio n  Is he a v ily  
dependen t upon th e  q u a lity  o f th e  m a te ria l s u b m itte d  Pages In  any  m a n u s c r ip t 
may have In d is t in c t p r in t .  In  a ll cases the  best ava ilab le  copy has been film ed .

The fo llo w in g  e x p la n a tio n  o f te c h n iq u e s  Is p ro v id e d  to  he lp  ( la r lfy  n o ta t io n s  w h ic h  
may appear on th is  re p ro d u c tio n .

1. M a n u s c r ip ts  m ay not a lw ays  lie  com p le te . W hen It Is no t possib le  to  o b ta in  
m iss in g  pages, a note appears  to In d ic a te  t i l ls .

2 . W hen c o p y r ig h te d  m a te r ia ls  are rem oved fro m  the  m a n u s c r ip t , a no te  a p ­
pears to In d ic a te  th is .

3. Oversize m a te r ia ls  (m aps , d ra w in g s , a n d  c h a rts ) are p h o to g ra p h e d  by sec­
tio n in g  th e  o r ig in a l,  b e g in n in g  at th e  u p p e r le ft h a n d  c o rn e r and  c o n t in u ­
in g  from  le ft to  r ig h t In  e qua l s e c tio n s  w ith  sm a ll overlaps Each overs ize  
page is a ls o  f i lm e d  as o n e  e x p o s u re  a n d  Is a v a ila b le , fo r  an  a d d it io n a l 
charge, as a s ta n d a rd  3 5 m m  s lide  o r  In  b lack  a n d  w h ite  pape r fo rm a t *

4. M ost p h o to g ra p h s  re p ro d uce  accep tab ly  on  p o s itiv e  m ic ro f ilm  o r m ic ro ­
fiche b u t la c k  c la r ity  o n  x e ro g ra p h ic  cop ies m ade fro m  th e  m ic ro f ilm . For 
an  a d d it io n a l ch a rg e , a ll p h o to g ra p h s  are a v a ila b le  in  b la c k  a n d  w h ite  
s tanda rd  3 5 m m  s lide  fo rm a t.*

*For m ore in fo rm ation  about b lack and w h ite  slides or enlarged paper reproductions, 
please contact the D issertations Custom er Services Departm ent.

T  TA/f.T Dissertation  U ’iVll Information Service
University Microfilms International
A Bell & Howell Inform ation C om pany
300 N Z eeb  Road, A nn  Arbor, M ich igan  48106





8629681

Cochran, J o y c e

TEMPORAL UNCERTAINTY AND MOVEMENT REPLICATION: EFFECTS OF 
RANDOMIZED INTERVAL, ARM, SEX, END POSITION AND EXCURSION  
LENGTH

C i t y  U n i v e r s i t y  o l  N e w  Y o r k  Ph D 1986

University 
Microfilms

International 300 N Zeeb Road A n n  A r b O '  M l  48106

Copyright 1986 

by 

Cochran, Joyce 

All Rights Reserved





TEMPORAL UNCERTAINTY AND MOVEMENT REPLICATION: EFFECTS 

OF RANDOMIZED INTERVAL, ARM, SEX, END POSITION 

AND EXCURSION LENGTH 

by

JOYCE COCHRAN

A dissertation submitted to the Graduate Faculty in 
Psychology in partial fu lfillm ent of the requirements 
for the degree of Doctor of Philosophy, The City 
University of New York.

1966



1 1

COPYRIGHT BY 

JOYCE COCHRAN 

1986



This manuscript has been read and accepted for the Graduat 
Faculty m  Psychology in satisfaction of the dissertation 
requirement for the degree of Doctor of Philosophy.

_ L  _  :________ /  _ ± l_ -. -  _■ _ _date Chair of Examining Committee

/■
date Executive Officer

Prof. Doreen Berman

Prof . Mitchell Kietzman

Prof . Philip Ramsey

Supervisory Committee

The City University cf New York



1 V

Abstract

TEMPORAL UNCERTAINTY AND MOVEMENT REPLICATION: EFFECTS 

OF RANDOMIZED INTERVAL, ARM, END POSITION 

AND EXCURSION LENGTH 

by

Joyc* Cochran 

Adviser: Processor Doreen Barman

In arm position replication tasks, the ratantion in­

tervals between modal (criterion) and replication movements 

are often manipulated to examine the effect of forgetting 

on performance. Bocause a le ft  arm advantage has been found 

in such a task with retention intervals randomized (Nadler,

1983), i t  was suspected that one factor which might in flu ­

ence asymmetry of performance is temporal uncertainty. This 

can occur when retention intervals are randomized over the 

session rather than blocked.

Therefore, in this study, the effects of temporal un­

certainty on performance in an arm positioning task were 

examined. Five variables, each with two levels, were in­

vestigated in Experiment 1: likelihood of occurence of a

short retention interval (temporal uncertainty), arm, end 

position, replication excursion length, and sex.

Results showed that at the medial position, AE was 

lower for the le ft  than for the right arm, but greater at 

the lateral position, regardless of other variables.



The 5—way interaction was significant for CE. D iffe r­

ence score analysis showed that temporal uncertainty af­

fected the 1ateral position of the le ft  arm for males, the 

medial position of the le ft  arm and, to a lesser degree, 

the lateral position of the right arm for females. The 

finding that temporal uncertainty had a 1a tera l1 zed in flu ­

ence on performance led to the suggestion that sequential 

ordering of tr ia ls  would also influence 1ateralizatlon of 

performance, since both are known to a lter expectancy. This 

prediction was confirmed in Experiment 2, in which sequen­

t ia l ordering was reversed, by the absence of a significant 

5-way interaction for CE.

For females, the more rightward the target position, 

the less the VE in Experiment 2. Also, AE was smaller for 

short than for long target excursion lengths. These effects 

may have been obscured in Experiment 1 due to the greater 

influence of temporal uncertainty.

The data of Experiments 1 and 2 were combined and 

sequential ordering effects for retention interval were 

examined directly. The CE was shifted positively for the 

le f t ,  but not for the right arm, when preceded by a long 

prior retention interval.

Results are discussed with reference to the rig h t- 

brain arousal and le ft-b ra in  activation systems. This study 

suggests a need to reanalyze studies of motor performance 

with regard to unintended arousal effects.
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CHAPTER I

INTRODUCTION

The a b ility  to produce accurate movement* by u t i l iz ­

ing position sense is believed to involve both peripheral 

and central mechanisms. The existence o-f peripheral mecha­

nisms o-f position sense has been con-firmed by electrophy- 

siological (Mountcastle, Poggio, It Werner, 1963| Mount— 

castle Sc Powell, 1959) and behavioral studies <Boodwin, 

McCloskey, It Matthews, 19721 Larish, Volp, It Wallace, 1984| 

Matthews It Simmonds, 1974). Central mechanisms have been 

inferred on the basis of motor performance in the absence 

of peripheral feedback < Lash ley, 1917| Knapp, Taub, It 

Berman, 1958).

Positioning a b ility  has been examined extensively in a 

task that requires a model (criterion) movement to an end 

position, a retention interval, and a replication movement 

to the same target end position (Adams It Dijkstra, 19661 

Adams, Marshal 1, It Goetz, 19721 Marteniuk It Roy, 1972).

Many variables are known to affect performance accuracy on 

a task of this nature. For example, performance with an 

active model movement d iffers  from that of a passive model 

movement (Craske It Crawshaw, 1975), presumably due to the 

presence or absence of an efferent command, a deceleration 

phase, gamma—activation of muscle spindles, and to the in­

ferred presence or absence of preknowledge of movement par-
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meters or goal .

Some task variables may bias the subject toward 

greater reliance on kinesthetic information to raplicata a 

targat position of tha limb or toward greater reliance on a 

theorized egocentric spatial coordinate system to replicate  

a target spatial location (Larish & Stelmack, 19821 

Stevens, 1978). The thesis w ill be developed that the arm- 

positioning (peripheral) and spatial location (central) 

components of the task are inextricably intertwined in 

normal subjects. Spatial a b ilit ie s  pertinent to accuracy in 

reproducing spatial location are discussed, as well as 

purported sex differences in these spatial a b ilitie s .

Performance on an arm positioning task has shown a 

le ft  side advantage in some studies (Christina, 1967|

Nadler, 19831 Phillips Sc Summers, 1934), but not others 

(Lloyd Sc Caldwell, 1965) Wallace, 1977). One task variable 

which may have differed between these studies and which 

might in its e lf  have contributed to asymmetry in motor 

performance is temporal uncertainty. Temporal uncertainty 

about the length of the retention interval or onset of the 

signal to replicate may a lter performance by influencing 

organismic variables such as arousal level. The purpose of 

this study was investi gate the role of temporal uncertainty 

in a movement replication task.
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Sense of Position and Spatial Location

Peripheral Regulation

Peripheral regulation of positioning a b ility  is sub­

served by kinesthetic information. The muscle spindles have 

been most d irectly implicated in kinesthesia (Grigg, 

Finerman, St Riley, 1973J Kelso, Holt, & F la tt, 1980) and a 

'muscle sense’ apparently even reaches consciousness 

(Matthews St Simmonds, 1974). However, there is no evidence 

for asymmetry in kinesthetic information.

Central Regulation

MacNeilage (1970) proposed in his "target hypothesis" 

that a target location, specified as a point within the 

space coordinate system, is the only information necessary 

for the motor system to produce a movement to that loca­

tion. This hypothesis is supported by c lin ical reports of 

a b ility  to position anaesthetic limbs (Lashley, 1917|

Volpe, LeDoux, Si Gazzaniga, 1979) and from experiments on 

deafferented animals (Knapp, Taub, Si Berman, 1958).

Feedforward signals. With every active movement, i t  is 

believed that a number of internal feedforward signals are 

produced, signals which subserve different functions 

(Kelso, 1982). One such signal is "efference copy" (von 

Holst Si M ittelstaedt, 1950, in Hinde, 1966, p. 98), the

copy of the motor command, which is stored for comparison 

to the reafference from the movement in order to detect and



correct error. For example, in a yoked—control experiment, 

two kittens had similar visual experiences but one was a l­

lowed active movement while the other was forced to remain 

passive. Only the active kitten developed visuomotor coor­

dination, presumably due to efference copy (Held it Hein, 

1963). As a second example, i f  the eye muscles are para­

lyzed and the subject attempts to produce an eye movement, 

the perception is that the visual fie ld  has jumped in the 

same direction (Helmholtz, 18661 Stevens, 1978). The i l lu ­

sion is believed to be due to the inconsistency between the 

efference copy and its  associated feedback. The efference 

copy monitors whether the movement was executed accurately 

but not whether the goal was obtained.

A second hypothesized feedforward signal is "corol­

lary discharge" (Teuber, 1974, p. 551), which signals that 

sensory feedback is expected from the movement. Corollary 

discharge allows an individual to distinguish between vo­

litio n a l and passive movements. I t  is an afferent signal 

sent from motor to sensory systems to prepare them for the 

sensory consequences of the movement. I t  is predictive! the 

expected sensory consequences are anticipated in planned, 

active movement because the sensory receiving areas are 

'tuned* (Kelso, 1982). Stevens (1978) distinguishes between 

a sense of limb position based on sensory feedback and 

perception of egocentric space which is interpreted through 

corollary discharge. Corollary discharge allows effective  

movement to be produced without visual guidance, i f  the
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environment is -familiar. As Smyth (1984) ■xplaint, corol­

lary discharge r»(»rs to advance knowledge o-f sensory input 

whereas efference copy is information about the movement 

production its e lf .

A third feedforward signal is thought to be "central 

monitoring of efference" (Jones, 1972, p. 95), the use of 

the motor command copy to monitor outgoing efferent signals 

for error detection and correction without comparison to 

peripheral feedback. The existence of this proposed central 

signal is supported by the above mentioned deafferentation 

experiment in animals (Knapp, Taub, & Berman, 1958), 

wherein accurate positioning movements could be learned in 

the absence of peripheral feedback, and by the demonstra­

tion that actively produced movements are better replicated 

than are passively induced movements (Craske & Crawshaw,

19751 Marteniuk, 1973).

Thus, efference copy is hypothesized to explain the 

interactions between active movement and perception! 

corollary discharge, to explain accurate goal-directed 

movement in the absence of exteroceptive (visual) or ex­

ternal feedbackl and central monitoring of efference, to 

explain improvement in motor performance when knowledge of 

results, but not sensory feedback, is available.

In the intact state, four major types of information 

are stored from a movement: the in it ia l conditions such as 

the position of an individual’ s limbs and orientation in 

space! knowledge of results or outcome of the movement;
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sensory consequences? and response specifications (Schmidt, 

1976). Schmidt (1976) postulated two separate states of 

memory: recal1 and recognition. The former generates mus­

cular impulses for movements, including movement correc­

tion. The la tter evaluates movement-produced feedback for 

errors. When a movement is to be produced, response speci­

fications are extrapolated from the recal1 schema. The ex­

pected sensory consequences from the recognition schema are 

compared to the response-produced feedback to detect error. 

Taking into account the in it ia l conditions, the recal1 

schema reflects the relationship between response specifi­

cations and actual outcomes which have evolved from past 

movements. The recall schema can provide the response spe­

cifications for novel movements by interpolation between 

two fam iliar movements i f  the desired outcome and in it ia l  

conditions are given. According to Schmidt (1976), the re­

cal 1 schema also explains the a b ility  of animals to achieve 

positioning accuracy with a deafferented limb.

The recognition schema is bu ilt up by comparing sen­

sory consequences with actual outcomes, taking into account 

in it ia l conditions. I f  the desired outcome is specified, 

the recognition schema allows a prediction to be made about 

the expected sensory consequences. With no knowledge of 

results, the recognition schema can signal error, which 

updates the recall schema to improve performance. For bal­

l is t ic  movements, correction occurs over tr ia ls , but for 

slow, ramp-generated movements, this correction is ongoing
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during the movement. A movement is terminated when error 

detection is cancelled and, without knowledge of results, 

no further learning occurs.

Pr ese1ec t i on. Just as reliance on central mechanisms 

can be forced by interrupting somatosensory input (Lashley, 

1917| Knapp, Taub, & Berman, 1968), reliance on kinesthetic 

information may be forced, or at least emphasized, by task 

demands. One task used for this purpose is a linear posi­

tioning task wherein the arm and hand are stabilized and a 

movement of the arm is made in a straight or curved line.

In the model movement, which is the criterion or standard,

* particular extent or end position is produced. The sub­

ject attempts, after a specified retention interval, to 

replicate the target distance or end position <Smyth,

1984). A passive movement, made by an external force with 

the subject's arm muscles relaxed, or a constrained move­

ment, which is volitional but terminated by an external 

force, are experimenter defined and lack a movement plan on 

the part of the subject. An active movement, in which a 

volitional excursion is voluntarily terminated, or a sub­

ject defined movement, in which the terminal location of a 

passive or constrained movement is selected by the subject 

(movement plan) or known to the subject (preknowledge), do 

have a movement plan. Because active movements generally 

lead to more accurate replication than do constrained or 

passive movements, the question arises as to what aspect of 

the active movement (preselection) is responsible for the
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superior per-forminc*. Preselection may corcfer an advantage 

due to the ava ilab ility  ot central motor signals (efferent 

copy, corollary discharge, central monitoring of e ffer— 

anca)• On tha othar hand, preselection may improve parfor-  

mince by allowing a cognitive stratagy, such as a plan of 

action (M illar, Galantar, & Pribram, 1960) or an imaga 

(Posnar, 1967), to davalop.

Jonas (1972) hypothasizad that because efferent sig­

nals could ba prasat for activa movements, thasa would ba 

raplicatad more accurataly than aithar constrained or pas­

sive movements, avan though efferent feedback should ba 

similar for activa and constrained movements. Actually, 

soma diffaranca might occur in affarant feedback under 

thasa conditions bacausa tha activa, but not tha con­

strained, movamant has a final deceleration phase (Hall It 

Wilberg, 1978). Jonas (1972) found that activa modal move­

ments lead to superior performance, compared to passive 

movements, landing support to the hypothesis that affarant 

copies are used to match affarant commands to stored 

copies. Jonas and Hulme (1976) concluded that sensory re­

ceiving areas ware prasat (corollary discharge) for batter 

encoding in an activa movamant. However, since subjects 

chose thair and positions in tha active movamant condition 

(preselection), improved performance may have bean due to a 

preknowledge (prior knowlege, movamant plan or planning) 

rather than due to a central efferent signal, since other 

cognitive factors, such as ordering the lengths or posi—
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tions of novMwnt* acron t r ia l *  during tasting (Nacson, 

1973) or only during practic# (Di*w*rt Sc Stelmach, 1978), 

ar« known to improvt performance. Roy and Diswart (1975, 

1978) and Running* and Diewart (1982) ■found that whan sub­

jects war# told tha extant o-f tha constrained movement in 

advance (praknowladga), tha advantage of tha active over 

tha constrained movement disappeared. But, i t  is possible 

that an afferent command for tha termination of tha ’con­

strained' movement was produced due to preknowledge, making 

the movement, in fact, active. Thus, more defin itive sup­

port is needed for the idea that a cognitive component of 

preselection exists independent of efferent command of the 

active movement.

Both Kelso (1977) and Roy (1978) monitored muscle ac­

t iv ity  to assure that movements of the passive—preselection 

condition were indeed passive and both came to different 

conclusions concerning the re lative  importance of the cog­

n itive  and efferent components of preselection. Kelso

(1977) had subjects perform, in a distance-1ocation task, 

under four different model/rep1ication movement conditions: 

active/active, constrained/active, passive-preselected/ 

active or passive-preselected/passive. The active/active  

condition led to better performance than a ll other condi­

tions. I t  is unlikely that in the passive—preselacted/ 

active condition an incompatibility of model/reproduction 

modes diminished performance since performance in the 

passive-preselected/active condition was better than the
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passive-preselected/passive condition. Thus, Kelso con­

cluded that alterant signals and praaalaction are indepen­

dently beneficial to performance.

Roy (1978) tested groups of subjects in a distance 

replication task with different model movement conditions: 

active, constrained, passive-preselacted, or passive. For 

the active and passive-preselection groups, each tr ia l was 

preceded by a pretrial orientation movement (of the same 

type as the model movement of the t r ia l ) ,  and subjects were 

told that the model movement was to be half the distance of 

the orientation movement. Start positions were varied be­

tween the model and replication movements of the t r ia l .  The 

retention intervals for each of these conditions were, 

immediate, 20 sec (unfilled ), and 20 sec with an in­

terpolated mental task. When the model movement was prese­

lected (active or passive-preselected), performance was no 

different for volitional or externally produced model 

movements and both were better than the passive condition, 

unless the interval was f i l le d . However, when the movement 

was not accompanied by a movement plan (constrained or 

passive), then the volitional model movement led to better 

performance than that produced by an external force. Roy 

concluded that an efferent command was important only when 

preselection was not permittedl the amount of clues avail­

able for reproduction could interact with the availab ility  

of an efferent signal.

Summers, Levey, and Wrigley (1981) examined the compo-



11

nents o-f pr*i*lection am a function of movm*nt cui (dis­

tance or location). Preselection Mas manipulated by an in­

terpolated rehearsal task with four conditions: active,

passive, mental, or no rehearsal. Results showed that ac­

tive and passive rehearsal produced the best performance in 

the location task ( i .e . ,  efferent command and planning be­

nefit location replication), whereas performance was more 

improved due to active, than to passive, rehearsal when 

distance was replicated. Thus, Summers et a l . (1981) agreed

with Kelso (1977) that efferent signals and planning are 

equally important aspects of the active mode of movement 

reproduction, but only for location. Along with Roy (1978), 

Summers et a l . (1981) also agreed that the re la tive  con­

tribution of the preselection components depends on the 

form of the movement cue to be replicated. Summers et a l . 

believe that the disparity between the results of Roy

(1978) and of Kelso (1977) are due to methodological d if ­

ferences. In the Roy study, replication movements approxi­

mated half the range of the orientation movement and a l­

though start position was varied between model and re p li­

cation movement the change was only S or 10 cm. The range 

of the movements was very restricted: the model start po­

sition was, apparently, held constant and replication start 

position was ±  5 cm. These factors could allow a limb po­

sition encoding strategy to be employed, rather than dis­

tance cues. In the Kelso study either distance or position 

cues were intended to be re liab le , and because a wide range
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o-f positions mss used distance cuss may havt had a strongar 

in<lu*nc« than position cuss.

Thus, performance in distancs and location tasks may 

bs subssrvsd by different macbanisms. Location tasks may 

uss psriphsral information about limb position, which is 

mors accurats with prior knowlsdgs. Extant cuss may bs 

sncodsd by vslocity x tims or fores x tims charactsristics 

of sffsrsnt commands.

Maasuras of Error

In ordsr to undsrstand how distancs and position es- 

timation may bs d iffs rs n tia l1y affsctsd by task variablss, 

i t  is hslpful to sxamina tha thrss most commonly ussd per- 

formanca maasuras for movamant tasks: absoluta error (AE), 

constant error <CE), and variable error (VE). Tha AE is tha 

unsigned error or difference between the criterion and re­

plication movement, averaged over tr ia ls . The CE is the 

signed error (arithmetic or algebraic), between criterion  

and replication movement, averaged over tr ia ls . The VE is 

the standard deviation or variance of CE.

Schutz (Schutz, 1974J Schutz & Roy, 1973) believes 

that VE, the measure of re lia b il ity , and CE, the measure of 

directional bias, are independent measures but that AE is a 

function of both CE and VE. He bases this view on two ar—

guments: i f  CE equals zero ( i .e . ,  undershoots and over­

shoots are essentially equivalent), then AE and VE give the 

same information, reflecting the spread of scores around
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zerol i f  CE is d*rivid -from a ll overshoots or a ll under- 

shoots, AE is equivalent to CE. If CE is very different 

f r o m  zero, but contains overshoots and undarshoots, AE re— 

f ltc ts  a combination o-f CE and VE information. If the 

variab ility  o-f AE is small, AE approx i mat as tha square root 

o f  the sum o-f CE squared plus VE squared. Since AE is sen­

s itive  to the change in CE or VE, an increase in one mea­

sure can compensate for a decrease in the other, leading to 

the false conclusion that no change has occurred. Thus, 

when AE is the only dependent variable, performance is not 

adequately measured.

The CE is considered to be a measure of response bias 

because only the f irs t  t r ia l is uncontaminated by previous 

tr ia ls . However, this f irs t  t r ia l ,  its e lf , may be effected 

by prior knowledge of the overall range of movements 

(Smyth, 1984). The CE is sensitive to a frame of reference 

which is the combined influences of a ll previous movements 

(Summers, Sommer, Sharp, Levey, St Murray, 1982).

When a series of stimuli along a given dimension are 

to be estimated in the r.ame task, small stimulus intensi­

ties tend to be overestimated and large stimulus intensi­

ties tend to be underestimated. This is also true for 

movement amplitudes in positioning tasks (F itts , 1947). For 

example, short movements lead to a positve CE| long move­

ments lead to a negative CE (Marteniuk, Shields, Sc Camp­

bell, 19721 Pepper Sc Herman, 1970). Because of this central 

tendency or range effect, only the f irs t  t r ia l  is unconta-
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minated by other tr ia ls  (Poulton, 1981) but i f subjects 

have prior knowledge o-f the overall range of movements, 

even this f irs t  movement is biased (Smyth, 1984).

The central tendency effect can obscure another phe­

nomenon. According to Pepper and Herman (1970), CE is 

shitted in a negative direction with an increase in the 

unfilled retention interval and shifted in a positive 

direction with mental activ ity  during the retention in­

terval. Laabs (1971) does not agree that increasing dura­

tion of an unfilled interval produces a negative sh ift. He 

used two retention intervals, one somewhat longer than 3 

sec (wich he called immediate) and another one of 12 sec.

His results showed a positive sh ift over time for the po­

sition replication! for the distance replication, short 

movements became more positive, long movements more nega­

tive. However, in this study, subjects turned away and 

flipped a switch after the model movement, then turned back 

for the replication movement. This interpolated task, a l­

though not 'mental’ , may have increased arousal, leading to 

a positive sh ift in CE and adding a constant to a ll tr ia ls . 

For the distance task, however, this positive constant 

might have been obscured by the greater negativity of the 

longer length tr ia ls  but not by the small negative sh ift of 

the short length tr ia ls . There is some support for this  

view. F irs tly , Pepper and Herman (1970) found that in ter­

polated mental activ ity  produced a positive sh ift in CE. 

Secondly, Marshall, Jones, and Sheehan (1977) found that CE
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told to pay close attention or that their grades would be 

posted. The manipulations in these two studies may have led 

to the positive shift in CE by increasing the level of 

arousal .

The VE is used to measure re lia b ility  and, by in fer­

ence, memory! VE is not necessarily related to accuracy 

(Smyth, 1984). For instance, Seashore and Bavelas (1941) 

found that performance in the absence of knowledge of re­

sults became more consistent, though less accurate, over 

several reproduction tr ia ls .

Thus, AE, CE and VE reflect different aspects of per­

formance and may be d ifferently  affected by distance and 

position variables.

Distance Versus Location

As mentioned above, distance and location replication  

are movement tasks d iffe re n tia l1y affected by preselection 

variables. Although some authors have examined performance 

on distance or location tasks separately (Blick St Bilodeau, 

1963| Keele St E lls, 19721 Posner, 19671 Posner St Konick, 

19661 Shagan, 1970! Williams, Beaver, Spence, St Rundel 1, 

1969), i t  was Laabs (1971! 1973) who f irs t  emphasized the

importance of maintaining an independence between distance 

and location variables by employing different start posi­

tions for the model and replication movements of a t r ia l .

There is disagreement concerning whether distance cues
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can be stored centrally and whether distance and location 

cues have a "dual storage" in memory. Laabs (1971, 1973)

used a constrained model/active replication movement para­

digm to examine the differences in retention of distance 

and position cues. He found that VE, after an unfilled re­

tention interval, was greater for distance than for loca­

tion replication and interpreted this to mean that dis­

tance, but not location information, decays over time. If  

the retention interval was f i l le d  with an intervening task, 

location information was more disturbed than distance in­

formation. He concluded from these findings that position 

cues are stored centrally for rehearsal in memory whereas 

distance cues are stored as a kinesthetic trace which fades 

over time but is re la tive ly  impervious to disruption by 

di stractors.

This postulation of separate storage modes for dis­

tance and position cues has been challenged by Harteniuk 

(1973) who found that performance based on distance cues 

was equivalent, in its  retention characteristics, to that 

based on position cues. Interference or rehearsal affected 

distance and position replication, sim ilarly. Both Laabs 

(1973) and Marteniuk (1973) calculated VE and CE. For Mar- 

teniuk, VE did not d ifferentiate  between performance based 

on distance or location cues. A resolution of this dis­

crepancy has not yet been achieved.

That movement is an important part of distance judg­

ments under normal circumstances, i .e . ,  that distance is
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not simply extrapol ated -from position cuss, is supportsd by 

a study by Stslmach and McCracksn <1978). Subjects per­

formed more poorly i f  their arms were positioned -first at 

the start position and then at the end position rather than 

moving between the two locations. However, this experiment 

suffered the flaw that kinesthetic feedback was not equated 

across conditions! movement tr ia ls  were constrained—active 

whereas positioning tr ia ls  were passive.

Kelso <1977) suggested that whether distance cues can 

be retained over an interval is determined by procedural 

variables. Those studies that found distance cues to decay 

over an interval employed a constrained model movement! 

those that found distance cues to be resistant to decay 

employed an active model movement. Thus, retention of dis­

tance information appears to require an efferent command 

whereas retention of position information may be based on 

peripheral position sensation, perhaps related to a central 

coordinate system. This view is quite opposite to that of 

Laabs <1971, 1973) who stated that distance cues, but not

position cues, depend on kinesthetic storage. One d i f f i ­

culty with the Laabs' conclusion is his assumption that VE 

can, as a measure of re lia b il ity , adequately measure per­

formance. In Laabs’ study, the only significant finding for 

CE was that the CE for long movements was more negative 

than for short movements, and AE was not calculated. As 

discussed e a rlie r, i t  is possible for performance to become 

more consistent even as i t  becomes less accurate. The Laabs
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an unfilled interval, and greater VE for position than for 

distance with a f i l le d  interval, cannot be interpreted as 

necessarily representing poorer performance. It  is a faulty 

assumption that VE, by its e lf ,  is an indicator of d iscri­

mination, as Laabs infers. The CE and AE measures must also 

be considered. S t i l l ,  i t  does seem to be the case that lo­

cation is better replicated than distance when the model 

movement is constrained and there is an unfilled interval, 

when the model movement is preselected or subject defined, 

or when peripheral feedback is removed (Sheridan, 1979).

Keele (1968), Stelmach, Kelso, It Wallace (1975), Gun- 

dry (1975), and Roy and Kelso (1977) concluded that when 

subjects are not instructed as to the cue to use in re p li­

cating a movement, they tend to rely on distance cues for a 

short excursion to target and on position cues for a long 

excursion to target. However, Hagman and Williams (1977) 

found that, i f  needed, both distance and position cues can 

be used, regardless of excursion length. Subjects performed 

a distance/1ocation replication task. In the retention in­

terval , subjects performed an interpolated movement, which 

varied either position, distance or both. Performance was 

impaired only i f  the interpolated task varied both position 

and distance cues. They concluded that since interfering  

with distance and location cues jo in tly , but not singly, 

disrupts performance, each type of cue provides sufficient 

kinesthetic information to perform the task.
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I t  appears that -for interference produced by an in­

terpolated task, either position or distance cues are as 

effective as both combined to sustain performance, but this 

is not the case when the cues are altered by changing the 

start position of the replication movement. Walsh, Russell, 

Imanaka and James (1979) varied the replication start po­

sition to the le ft  and right of the criterion start posi­

tion and had subjects demonstrate recall of either dis­

tance, location, or both. The results showed that each cue 

was contaminated by the other) both distance and location 

replications erred in the direction of the other, irre le ­

vant cue. They concluded that neither location nor distance 

are coded independently of the other but rather interact. 

This is true whether the model movement is active or pas­

sive (Walsh et a l . ,  1979)| the unfilled retention interval 

is short (5 sec) or long (30 sec) (Walsh Sc Russell, 1979)) 

or subjects have a high or low mental imagery score (Walsh, 

Russell, it Imanaka, 1980).

Can this interaction between distance and location 

cues be found over an unlimited range of excursion lengths? 

Walsh et a l . (1979) did not report the excursion lengths

used in their task but from the tabled lengths of the ac­

tive condition, i t  appears that, for the constrained con­

ditions, short and long lengths were IS cm and 30 cm. They 

did note that in the experiment of Stelmach, Kelso, and 

Wallace (1975), location cues were reported to be more ac­

curate than distance cues, yet location and distance cues
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led to equally accurate performance for excursions up to 

24.9 cm. The implication is that distance cues are as ac­

curate as location cues, but only for movements less than 

some unspecified length.

Wrisberg and Winter (1985) extended the range of ex­

cursion lengths. Model movements (constrained) were 20, 50, 

or 80 cm and replication movements (active) were ± 5  cm of 

the model movement lengths. CE shifted in the direction of 

the replication start position for the 20 and 50 cm, but 

not for the 80 cm tr ia ls . Wrisberg and Winter concluded 

that shifting the start position biased the short excur­

sions most, the medium excursions less, and the long ex­

cursions not at a l l .

According to Smyth (1984), large excursions in a 

spatial location task are much less affected than small 

excursions by a change in the start position. Perhaps this 

is because, with large displacements between the start and 

end position, location is fitte d  into a spatial framework, 

whereas with small displacements, location discrimination 

is more d iff ic u lt , forcing reliance on distance cues.

The transfer from reliance on distance cues with short 

excursions to reliance on position cues with long excur­

sions is attributed by Wallace (1977) to increasing use, 

with increasing excursion length, of a spatial reference 

system like  that postulated by Lashley (1917) and Russell 

(1976). Howard and Templeton (1966) and Pick (1970) believe 

that, for positioning tasks, the system is egocentric,
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involving body-related reference points to tncodi location. 

Larish and Stelmach (1982) suggested that this *goctntric 

system is limited to use of body reference points near the 

spatial targetl the target location needs to be in near 

extrapersonal space and in front of the subject. Wrisberg 

and Winter (1985) believe that their results f i t  this 

model: short movements Mere eccentric to the body-based 

reference points, so that a distance cue strategy was 

probably employed. For the long excursion tr ia ls , subjects 

made use of a sensed limb position when the position was 

eccentric but employed the egocentric reference system for 

those positions near the body reference points.

Another point, not raised by 8myth (1984), is that the 

v a ria b lility  of the replication start position from the 

model start position was held constant, rather than made 

proportionate to each excursion length in the Wrisberg and 

Winter (1985) study. The difference between the model and 

reproduction excursion lengths was .25 and .10 of the model 

movement for short and medium excursions, respectively! for 

the long excursion, the difference was only .06 of the mo­

del movement. Perhaps, some minimal proportionate d iffe r ­

ence must be exceeded to be perceived, a just noticable 

difference in distance.

Other factors, not yet examined, may be relevant to 

the interpretation of the effect of excursion length on 

shift in CE. Wrisberg 8c Winter (1985) conducted two 

different experiments with somewhat different results. The
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CE for short excursions were more positive in the f irs t  

than in the second experiment. Only the f irs t  experiment 

included randomized retention intervals (S and 45 sec) and 

i t  is possible that this condition was responsible for the 

positive shift in CE for short excursions.

One problem with the Wrisberg l< Winter study is that 

subjects reported calculating the distance between the 

start and end positions for short movements, even though 

they were told that distance would be an unreliable cue. 

Apparently, the instructions did not suffic iently emphasize 

that using distance cues would lead to error.

With some reservations, the Wrisberg and Winter (1985) 

study may be interpreted to support the existence of an 

egocentric reference system, just as Russell <1976) pos­

tulated. Kinesthetic information is believed to be con­

verted by a perceptual process into an abstract form to be 

represented as a point within a three dimensional coordi­

nate system and bu ilt up by the relationship between vari­

ous body parts and experience. Stelmach and Larish (1980) 

also found that performance of same-1imb and switched—1imb 

positioning did not d iffe r unless the target end position 

was outside of near extrapersonal space, 30 cm from the 

midline. Thus, when kinesthetic information is not readily 

available, as in the switched limb procedure, the egocen­

tr ic  reference system allows accurate target localization  

unless the target is too far from body referents.

Another qualification must be made concerning the
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egocentric reference system. In an experiment comparing 

switched-1imb to same-11 mb positioning, Wallace (1977) 

found performance to be equally accurate under either con­

dition as long as direction was constant. I f  direction was 

reversed between model and reproduction movements, then 

same-1imb performance showed less error than switched limb 

performance. Thus, when kinesthetic matching is not pos­

sible, the e ffic ien t use of the egocentric coordinate sys­

tem requires that the target end position be near a body 

referent and that both model and reproduction movements be 

in the same direction.

Housner and Hoffman (1981) postulated that end posi­

tion cues, but not distance cues, can be incorporated into 

a visuo-spatial map for re trieva l. This a b ility  to imagine 

location information confers a quality of concreteness 

which is not available for distance information. Imagining 

a b ility  may account for the differences between distance 

and location retention for constrained movements. To test 

this hypothesis, subjects with high or low visual imagery 

scores were tested on a switched-1imb positioning task. A 

comparison of high and low imagery groups showed no d if ­

ferences in performance, confirming the results reported by 

Walsh et a l . (1980). However, those of the high imagery 

group who actually reported using an imagery strategy had 

lower error scores for position replication with a 30 sec 

retention interval (rest or mental rehearsal) than low 

imagery subjects, who reported not using such a strategy.



2 4

There Mas, howevtr, no difference in performance for dis­

tance replication between the two groups. Housner and Hoff­

man concluded that when subjects use an imagery strategy, 

visual imagery a b ility  is an important factor in retaining 

location, but not distance, information.

If  visual imagery is indeed important in developing an 

egocentric reference system and in localizing a b ility , then 

congenitally blind and sighted subjects should perform 

differently . Hermelin and O’ Conner (1973) did not find this 

to be so. Congenitally blind children, who could not have 

stored a visual image, performed as well as blindfolded 

normals (not tested for imagery a b ility ) in a switched-1imb 

location replication task, suggesting that kinesthetic cues 

may be stored centrally for later use.

However, the finding of Hermelin and O’Conner is not 

in agreement with the findings of others. M illar (1975) 

found that sighted children with vision excluded, but not 

blind children, could repeat a series of movements back­

wards. Evidently, blind children could not manipulate the 

kinesthetic information in memory, but sighted children 

could "scan" the mental image in either direction. Also, 

Colley and Colley (1981) tested early blinded and late  

blinded subjects, aged 24-64 yr, on an active model/active 

replication movement task for r epl ic ation of distance and 

location. Performance of both groups was more accurate for 

location than for distance replication, consistent with the 

performance of the sighted (Marteniuk fc Roy, 1972).
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However, the early blinded were less accurate in both tasks 

than the late blinded, reflecting the absence of a contri­

bution from visual experience. Colley and Colley speculated 

that the difference between their results and those of 

Hermelin and O’ Conner (1975) was that the la tte r used a 

constrained model movement but they used a preselected mo­

del movement, which makes better use of central processes.

A particular problem with the Hermelin and O’ Conner study, 

which makes comparison with other studies questionable, is 

that the movements were ve rtica l. Thus, both groups may 

have produced similar results because they matched muscular 

force or resistance to gravity to replicate position.

Colley and Colley <1981) suggested that memory stra­

tegies for the early blinded rely more on kinesthesic me­

mory, such as remembering the angle of the arm. The la te - 

blinded may have relied on imagining how the unseen 

equipment, positions, etc. could be visualized. Other pos­

s ib ilit ie s  are that the late blinded were able to develop 

an accurate perception of body space to act as a reference 

for kinesthetic input or that the late-blinded had deve­

loped a more fu lly  encoded kinesthetic system as a result 

of greater early mobility.

Dodds and Carter (1983) tested congenitally blind, 

late-blinded (blindness onset not reported), and sighted 

children, 8-15 yr of age, on a triangle retracing task. 

Overshoots in judging the length of the sides of the t r i ­

angles (CE) were equivalent across groups, but orientation
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of the triangles (AE) Mas poorer tor the congenitally 

blinded than tor the other two groups. I t  is ot interest 

that Hermelin and O’ Conner (1982) reported that sighted 

children pertorm better than congenitally blind children on 

a kinesthetic switched-1imb task Mith direction reversal, 

i t  the excursions are long. Thus, there is concurrence 

across investigators tor the tinding that early visual 

experience aids nonvisual positioning a b ility .

The comparative studies ot the blind and sighted sug­

gest that, tor the sighted, space is represented mainly in 

a visual mode. For that reason, intormation trom movement 

is p artia lly  recoded in visual terms. A close association 

exists between movement and visual1y—derived spatial re­

presentations (Attneave St Benson, 1969) and this visual- 

kinesthetic linkage seems to be innate, but requires ex­

perience to be maintained. For example, congenitally blind 

intants produce eye tracking movements to tollow their 

hands between 16 and 18 weeks of age, but not after this  

time (Freedman, 1964).

The linkage or association between the visual and k i­

nesthetic systems may obtain for higher order functions, 

also. Information which is addressed to a particular per­

ceptual system, but is not readily available for proces­

sing, is believed to be encoded, through supramodal feature 

extraction, into a schema of a more appropriate modality 

(Hermelin Sc O’ Conner, 1982). Kinesthesia has salient spa­

t ia l and temporal features, while vision is predominantly a
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spatial sans*. Tharatora, kinasthatic information about 

spaca can only ba p artia lly  racodad in visual tarms for 

storaga and that only i f  aar1y visual axparianca has oc­

cur rad .

To summariza, avidanca indicatas that a movamant re­

plication task may emphasize kinasthatic cues for limb po­

sitioning, or an egocentric spatial coordinate system for 

spatial location, but under natural circumstances, both 

strategies are used. Tha movamant replication task neces­

sarily involves a spatial a b ility , and this spatial ab ility  

most likely  includes soma degree of feature extraction and 

transfer from the kinasthatic to tha visual modality.

Spatial Orientation

Spatial a b ilit ie s  can ba divided into two distinct 

categories (McQca, 1979). One type is spatial visualiza­

tion, tha a b ility  to rotate, twist, or invert a pictured 

object mentally. Either a pictured object is mentally ma­

nipulated in three-dimensional space, the movement among 

its  internal parts is envisaged, or the folding or unfold­

ing of a f la t  pattern is imagined. The other type of spa­

t ia l a b ility  is spatial orientation, which includes the 

a b ility  to comprehend the arrangement of elements in a v i­

sual stimulus pattern, remaining unconfused by various 

perspectives and to accurately perceive one’ s physical 

spatial relation to the environment and to monitor changing 

relations during movement. (Sedgwick, 1982). Thus, spatial
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orientation often includes spatial relations with reference 

to body orientation. I t  would appear to be this spatial 

a b ility , spatial orientation with a body referent that is 

incorporated into the arm positioning spatial location task 

since stabilized posture is a requisite for performing the 

task.

Sex differences. Sex differences in spatial orienta­

tion are reported by some to be present at puberty and to 

lead secondarily to sex differences in fie ld  dependency, 

sense of direction, and maze tasks (Keogh & Ryan, 1971| 

McGee, 1979J Silverman, Buchsbaum, & S tie rlin , 1973). The 

rod-and-frame test, which supposedly has a spatial compo­

nent, measures fie ld  dependence—fie ld  independence by tes­

ting a person’ s a b ility  to adjust a rod to the vertical 

position with only the square frame as an external orien­

tation cue. Women appear to be more dependent on fie ld  than 

men in determining the vertical position of the rod (McGee, 

19791 Witkin, 1930J Witkin, Dyk, Faterson, Goodenough, fc 

Karp, 1962). The embedded figures test, which also is said 

to have a spatial orientation component, requires a subject 

to hold a simple geometric form in memory and then to 

identify i t  in a more complex figure. Adult or adolescent 

males perform better than age-matched females. Similar 

tests with no spatial component which measure fie ld  depen­

dence/independence, such as the brightness constancy 

matching or body steadiness task, show no sex differences. 

However, attributing the sex differences in performance on
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the rod-and-frame test to reputed sex diHerences in spa­

t ia l a b ility  has been challenged by Naditch (1976). When 

the standard rod was replaced with a human figure and sub­

jects were told that the test was one ot empathy, women 

performed better than men. Thus, at least some suggested 

sex differences in specific tests of spatial orientation 

may be attibuted to nonspatial cognitive variables and may 

be much less generalizable to other spatial tasks than was 

once believed.

Both right and le ft  hemispheres are required to per­

form complex spatial tasks, such as synthesizing components 

into a whole configuration or identifying superordinate 

categories. For individuals with non-anomolous dominance, 

though, only the right hemisphere is required for elemen­

tary spatial a b ilit ie s  (Bradshaw Si Nettleton, 1983). How­

ever , one source of variation, superimposed on this general 

schema of right hemisphere specialization for elementary 

spatial a b ilit ie s , is attributed to sex differences in 

spatial a b ilit ie s . Much of the variation between the sexes 

on spatial a b ilit ie s  might be due to sex differences in 

maturation, since females, on the average, mature earlier 

than males (Newcombe, 1982). Waber (1976, 1977) found that,

regardless of sex, those with a history of early maturation 

performed more poorly on spatial tasks than those who 

matured late. Furthermore, dextral, teen-aged females, with 

a history of precocious puberty, showed decreased averaged 

performance on the Block Design and Object Assembly tests
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as compared to age-matched controls, as wel1 as a sugges­

tive, but nonsignificant, dacraasa in le ft-ear (right 

hamisphara) par f ormane a on tha Staggarad Spondaic Word 

Tast, a tast of cantral auditory dysfunction (Mayar- 

Bahlburg, Brudar, Faldman, Ehrhardt, fc Haalay, 19BS).

Buffary and Gray (1972) proposad a b ilataral rapra— 

santation of elementary spatial sk ills  for males but a 

unilataral raprasantation for fanalas. Tha data of Lansdal1 

(1968) support this view. Both man and woman scorad lower 

on nonvarbal tast itams with right than with la ft  hemi - 

sphara lasions. But a la ft  hamisphara laslon producad 

poorar parformanca in malas as comparad to famalas. Vat, 

most studias raporting sex diffarancas in spatial a b ilitia s  

concluda that malas ara suparior to, or mora lataralizad  

than, famalas for right hamisphara madlatad spatial a b il i ­

tias (McGlona, 1980).

A ralationship axists batwaan hamispharic activ ity  as 

datarminad by physiological maasuras and lataralizad cog- 

nitiva functions as maasurad by parformanca (Gur & Raivich, 

1980). Hamispharic activ ity  as maasurad by carabral blood 

flow (Gur, Gur, Obrist, Hungarbuhlar, Vounkin, Rosan, 

Skolnick, lc Raivich, 1982) or by alactroancaphalography 

(Ray, Nmweomba, Samon, S< Cola, 1981) appaars to intaract 

with sax. Halas with a high spatial a b ility  showad a posi­

tive correlation between performance on spatial tasks and 

hemispheric activ ity  (Gur et a l . ,  1982). The best per­

formance of males with low spatial a b ility  was correlated
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with greater le ft  than right hemisphere ac tiv ity . HoNtver, 

females, regardless of whether their scores were high or 

low, showed no correlation of hemispheric activation with 

performance (Ray et a l . ,  1981). Although this result showed

a physiological correlate of the spatial a b ility  which in­

teracts with sex, the argument might s t i l l  be made that 

different non-spatial cognitive strategies led to d iffe r­

ences in the physiological recordings.

Fairweather (1976) and Caplan, MacPherson, It Tobin 

(1985) have summarized the vast body of literatu re  on sex 

differences in spatial a b ilit ie s . They concur that while 

many studies purport to find a superior spatial a b ility  in 

males, these claims are not supported strongly by ex­

perimental evidence. Appropriate s ta tis tica l tests and 

significance levels tend to be disregarded, as are proper 

experimental controls.

In short, the evidence for nontrivial sex differences 

in spatial a b ilit ie s  is sparse. What would lend support to 

the hypothesis that sex differences in la teralization of 

spatial a b ilit ie s  are due to an underlying biological 

asymmetry which d iffers  in male and female would be a spa­

t ia l task which reflects a change in performance asymmetry 

between the sexes over conditions not like ly  to a lter cog­

n itive  strategy. The arm positioning task may be such a 

task.

Lateral differences. A small number of studies have 

addressed the question of la teralization  of performance in
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the positioning task. For example, Phillips and Summers 

(1954) examined the a b ility  of subjects to replicate spa­

t ia l location using kinesthetic cues in vertica lly  aligned 

side and front arm movements. A significant asymmetry was 

found in two of the several arcs and movements tested. The 

le ft  arm performed significantly better in the 180° to 75° 

side arm movement, whereas the right arm performed better 

in the 90° to 40° forward arm movement. Whether right or 

le ft  arm performance is better, Phillips and Summers con­

cluded, depends on whether the movements are fam iliar or 

unfamiliar, although these terms were not defined.

Christina (1967) tested subjects in a similar side arm 

task and reported a le ft  arm advantage. However, Christina 

tested the right arm on each series of tr ia ls  and then the 

le ft  arm, both in the preliminary procedure and in the 

experiments proper. Thus, one could argue that the le ft  arm 

superior performance was a learning effect.

Nadler (1983), on the other hand, found a le ft  arm 

advantage for dextrals under much improved control condi­

tions. Arm movements were horizontal, to equalize gravita­

tional effects amongst the different positions! a chinrest 

stabilized posture, equal numbers of right and le ft  arm 

tr ia ls  were presented in a random order! and most impor— 

tantly, since asymmetry would be more like ly  in dextrals 

than in s in istra ls , a s tric t criterion for determining 

handedness was employed.
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Rat i onil«

The rational* -for the presint •xptrimant is to extend 

information concerning the arm positioning task and to 

relate this to the body of litera tu re  already in existence.

Replication Movement Tar as* Ey cursi on Length

The errors in a kinesthetic, spatial replication task 

systematically increase in negativity as the target move­

ment extent increases for a bidirectional model plus re p li­

cation movement task (Adams Sc Dijkstra, 1966) or for a 

lever displacement task (Stelmach, 19701 Stelmach Sc Bassin,

1971). The Nadler (1983) study has suggested that this  

outcome holds, as well, for the medially-directed, lateral 

arm movement task and for both the right and le ft  arm. 

However, since excursion lengths were not equated for end 

positions in the Nadler study, the present study determines 

the independence of this phenomenon from the previously 

mentioned effect of spatial location on replication excur-

0  O
sion length. One short (20 ) and one long (50 ) excursion 

length were chosen with the constraint that the long ex­

cursion length must not be so long as to negate the re­

strictions imposed for the end positions. These lengths 

were comparable to those used already to measure range ef­

fects of length (e.g., Wrisberg Sc Winter, 1985). I t  was 

decided to hold the model movement excursion length con­
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stant at a length midway batwvcn the two raplication ex-

9
curtion lengths (35 ) btcautt, although i o m  rang* ef tacts 

will be produced regardless of the length selected, the 

purpose of this study was not to examine the effects of 

model movement on performance. Therefore, model movement 

extent was not manipulated across tr ia ls .

Proportionality between Absolute Error and Excursion Length 

I t  is possible that AE may reflect a proportionate 

error, based on a percentage of the replication movement 

length. Therefore, i f  a main effect for Length is found, AE 

should be evaluated with regard to replication excursion 

1ength.

Spatial Location of Target End Position

Nadler (1983) found that movements to the more la te r­

al positions were associated with more overshooting than 

movements to more medial positions, contrary to the predic­

tion of Laabs (1973). However, the target excursion lengths 

for the replication movements were longer for the medial 

end positions and could have been responsible for the e f­

fect. End positions in the present study were chosen to be 

repesentative of a lateral and a medial position in order 

to test the generalizabi1ity  of this position effect for 

both sexes with excursion lengths equated.

The final selection of end positions was influenced by 

the restrictions listed below. The requirements for the end
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positions were: 1) to be mirror image positions tor right

•nd le tt  srm in order to a l Io m  comparison ot pertormance 

batwcan tha two arms, 2) tor each arm to ba continad to 

aach ipsilataral hamispaca, to pravant confounding ot 

hamisphara-hamispaca and hamisphare-anatoaical limb a t- 

tacts, 3) to ba suttic iantly  tar trom tha midlina to avoid 

crossing tha midlina i t  an ovarshoot in tha raplication  

movamant occurrad, and 4) to ba raprasantativa ot a lataral 

and a madial position in ordar to examine tha "position 

attact" suggastad by tha Nadlar study (1983). Tha choica ot 

and positions also involvad thair attact on othar parame- 

tars. For, example, tha excursion langths ot tha movamants 

(saa balow) constrainad the choica ot the lateral-most and 

position: tha and position must ba madial enough to allow a 

comtortabla resting angle ot tha shoulder jo in t at tha 

start position to avoid undue activation ot skin—stretch 

and jo in t receptors. Tha two and positions chosen ware 

comparable to tha most madial and most lataral and posi­

tions ot tha Nadlar study, mat a ll ot the above c rite r ia  

and ware separated by an adequate distance: tha madial and

0 A
position was 75 and tha lataral and position was 50 .

Right Versus Lett Arm Partormanea

The present study was designed, in part, to adrass the 

question ot whether la tt  arm performance is more accurate 

than right arm pertormanca in a horizontal movement 

replication task, as was the case in Nadler's (1983) study.



The randomized schedule of tr ia ls  included an equal number 

of tr ia ls , equated for start and end positions, excursion 

length, and retention intervals for each arm.

Temporal Uncertainty

Nadler (1983) randomized short (3 sec) and long (20 

sec) retention intervals over the tr ia ls  of each session, 

in an arm positioning task. The intent was to examine the 

effects of the passage of time on memory of the target lo­

cation. However, this design could also be viewed as a 

paradigm which introduces temporal uncertainty. Therefore, 

one goal of the present experiment was to examine the e f­

fects of temporal uncertainty on performance in an arm po­

sitioning task.

Temporal uncertainty is the in ab ility  to predict the 

timing of stimulus occurrence, and i t  may be generated from 

within or imposed from without. Internal uncertainty about 

time of stimulus occurrence is the result of an imperfect 

a b ility  to measure time subjectively and is positively  

correlated with the length of the interval (Niemi & Naa- 

tanen, 1981). External uncertainty about time of stimulus 

occurrence is the result of unpredictable, randomized in - 

terstimulus intervals, foreperiods (FPs) or retention in­

tervals. External uncertainty about time involves condi­

tional probability: the probability of one event occurring 

is conditional on another event having occurred (McNicol,

1972). With different time intervals presented in random
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order, the nonoccurence ot a stimulus earlier in the in­

terval leads to an increase in probability ot occurrence 

with the passage ot time. For example, consider the s itu ­

ation wherein intervals ot two ditterent lengths, each with 

an objective probability ot occurrence ot .50, are random­

ized and no catch tr ia ls  are included. Since, at the start 

ot a t r ia l ,  the conditional probability equals the objec­

tive probability, a short interval stimulus has a condi­

tional probability ot .50. I t  the interval continues with 

no stimulus atter the short interval, then the t r ia l in­

terval must be long and the stimulus must have a condi­

tional probability ot 1.00. The most uncertainty is re­

solved or the most intormation delivered with the short 

interval stimulus. The long interval stimulus has no in­

tormation to deliver| the intormation was delivered at the 

time ot the non—occurrence ot the short interval stimulus.

Put another way, when intervals are randomized, the 

long interval stimuli would be associated with maximal ex­

pectancy and short interval stim uli, with minimal expec­

tancy. Low expectancy, as compared to high expectancy, 

would then lead to more surprise, in addition to intorma­

tion delivery, and result in a higher arousal state.

Another aspect ot the temporal uncertainty paradigm is  

that random intervals or irregular FPs lead to a change in 

preparatory set and thereby a lter the amount ot e ttort 

employed in tasks which require vigilance. I t  the subject 

cannot accurately predict stimulus occurrence, he must a t-



tet.ipt to maintain a state ot readiness over tha interval 

preceding tha stimulus.

There ara two araas of psychological rasaarch which 

typically amploy tamporal uncartainty designs! event- 

related potential research into the P3 waveform and simple 

reaction time (RT) studies. These are discussed below.

P3. Sutton, Braren, Zubin, and John (1965) discovered 

that uncertainty about the sensory modality of a stimulus 

elic ited  a long-1atency (approximately 300 ms), positive 

potential, the P300 or P3 waveform. This P3 waveform, which 

is e lic ited  by a task-relevant or surprising stimulus has 

bean designated by Squires, Squires, it Hillyard (1975) as 

P3b but w ill be referred to here as simply P3. Sutton, 

Tueting, Zubin, and John (1967) found that P3 is also e l i ­

cited by a temporally uncertain stimulus: subjects were 

required to guess whether randomized interclick intervals 

would be short, medium or long and P3 was e lic ited  appro­

ximately 300 ms after presentation of the second c lick. The 

largest P3’ s were e lic ited  by those clicks which resolved 

the most uncertainty: the second clicks of short or medium 

interval stim uli. The one exception was a "short interval" 

guess on a medium interval t r ia l  since enough information 

was delivered by the absence of the short interval stimulus 

to evaluate the guess before occurrence of the medium in­

terval stimulus.

Friedman, Hakerem, Sutton, and Fleiss (1973), Sutton, 

Braren, Zubin, and John (1965), and Sutton, Tueting, Zubin,
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and John (1967) concluded that P3 is related to resolution 

of unctrtainty (intormation del lvtry) , since a task—rele ­

vant stimulus e lic its  the P3. I t  is said to reflect stimu­

lus evaluation time (Kutas, McCarthy, & Donchin, 1977).

However, Tueting, Sutton, and Zubin (1971) report that 

in-formation delivery is not the only source o-f P3. Even 

when subjects are informed in advance about the identity of 

a stimulus, P3 is e lic ited  from the stimulus i f  i t  has a 

low a priori probability. They noted that outcome probabi­

l i t ie s  for P3 are reminiscent of the arousal concept of 

Pribram (1967). Amplitude of an arousal response (or P3) is 

greater the more unexpected or rare the stimulus.

Sutton and Ruchkin (1984) proposed that P3 is related 

to the affective value or importance of a stimulus, a view 

which is consistent with P3’ s origin in the limbic system. 

Surprising events and events that reduce uncertainty have 

greater affective value. This interpretation would also 

support the Pribram and McGuinness (1975) type of arousal 

which is thought to originate in the amygdala and to be 

integrated in the hippocampus into e ffo rt. Thus, the P3 

response to low probability signal stimuli in the condi­

tional probability paradigm suggests the involvement of 

arousal. As Tueting (1968) stated, introducing uncertainty 

into a task enhances involvement, and, therefore, arousal.

Reaction time. Reaction time (RT) is the measure of 

time between two events, the f ir s t  of which is a stimulus, 

and the second, the motor response to that stimulus, under
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the condition that tha sub_jact perform as rapidly as pos— 

sibla <Posnar, 19701 Taichnar, 1954). Tha most important 

determinant o-f performance in a simple RT task is prepara­

tion to respond (Niemi & Naatanan, 1981). If  subjects are 

able to estimate the foreperiod length—the time between 

the warning signal and the signal to respond—they w ill be 

accurate in timing their readiness to respond. As the 

foreperiod increases in duration, increasing subjective 

temporal uncertainty diminishes expectancy so that, for 

regular (blocked) foreperiod designs, RT is lengthened as 

the foreperiod is lengthened. The irregular (variable) 

foreperiod design, on the other hand, generally produces 

longer RTs than the blocked foreperiod design, because 

timing cues are reduced. In particular, RT is increased for 

the short foreperiod tr ia ls  due to the objective temporal 

uncertainty which accompanies the irregular design 

(Woodrow, 1914).

Vet, the temporal manipulation can be considered as a 

stimulus variable which leads to changes in preparatory 

set. A subject tends to increase e ffort when sensory ade­

quacy is decreased below some c ritic a l value and to de­

crease e ffort when above this value. Therefore, a stimulus 

is not necessarily optimal for both motor preparation and 

sensitivity (Johnson, 1923| Thrane, 1960a, b, 1961a, b,

1962). I f  a subject assumes a 'prior a ttitude’ , then the 

expected monotonic relationship between stimulus intensity 

and latency is obscured (Sutton, Note 1).
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Thus, temporal unc#rt«inty may affect P3 or RT per — 

fornanct by inducing arousal and/or shifting prepiratory 

sat. Tha likalihood exists that temporal uncertainty also 

has an effect on performance in the arm positioning task. A 

major difference between the P3 and RT versus the movement 

replication research, though, is that, heretofore, the 

temporal uncertainty manipul ations in the la tter have been 

un i ntended.

There are indications in the litera tu re  that increased 

level of arousal, either by "threat" (e .g ., Marshall,

Jones, it Sheehan, 1977), or through effort (Pepper 8<

Herman, 1970), or by unintended temporal uncertainty mani­

pulations (Wrisberg Winter, 1985) leads to a positive 

shift in CE. Since the effect of temporal uncertainty on 

performance in the arm positioning task has not yet been 

systematically examined, the present experiment was in­

tended to serve this purpose and to further examine per­

formance with regard to end position, excursion length, sex 

differences and asymmetry.

Desi qn

A repeated measures design (with the grouping factor 

of sex) was chosen due to its  increased sensitivity: such a 

design is associated with a smaller likelihood of a Type 2 

error than is a between group design, allowing for greater 

degrees of freedom and, thus, more accuracy. Robustness was 

increased by selecting two, rather than three, levels of
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each repeated measures variable. However, testing a ll 

variables, simultaneously, as is the case with a repeated 

measures design, inflates the overal1 alpha level, due to 

the large number ot F-tests performed. Therefore, a s tr ic t 

confidence level <p<.01) was adopted.
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Statement o-f Hypotheses

The prestnt study invsstig«t*d the following 

hypotheses based on performance ot dextrals:

1. Replication movements requiring a long excursion to 

the target end position produce greater undershoots (or 

smaller overshoots) than replication movements requiring a 

short excursion to the target end position.

2. A proportionate relationship exists between AE and 

intended replication excursion length.

3. With model movement excursion length held constant 

and end positions equated -for replication excursion 

lengths, replication movements to a lateral target end 

position are longer than replication movements to a medial 

target end position.

4. Replication movement is more accurate 'for the le ft  

than for the right arm, as measured by AE.

5. Introducing temporal uncertainty via randomized 

short and long retention intervals improves le f t  arm 

performance as measured by AE.

6. Introducing temporal uncertainty d iffe ren tia lly  

affects right and le f t  arm performance as measured by CE.

7. The asymmetry of performance introduced by temporal 

uncertainty is greater for males than for females (see 

Appendi x K).
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CHAPTER I I  

EXPERIMENT 1 

Method

Subj ects

Twelve male and 12 female subjects, 18-40 years of 

age, and a ll dextrals, were chosen from a group of gra­

duate and undergraduate psychology student volunteers. An 

individual was considered dextral i f  a) the response 

"right" was given on the Marian Annett Inventory, Ques­

tionnaire 3, to at least five  of the six primary questions 

and to at least nine questions in to ta l, b) no more than 

one s in istra l member of the nuclear family was reported and 

c) the subject answered "no" to the question asking i f  

writing hand had been switched from le ft  to right in 

school, (see Appendix A for the inventory and a discussion 

concerning its  selection.)

Subjects understood the purpose of the experiment in 

part: they knew that they were to perform a spatial motor 

task which relied on kinesthetic information and some 

guessed that lateral differences or sex differences might 

emerge. However, subjects had no information about the 

manipulation of expectancy as a factor.
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Apparatus

The apparatus (see Fig. 1) consisted ot a 72" x 31" 

base (A) with two 36" x 31" boards (B), one atop each side 

ot the base. The boards could be moved la tera lly  to adjust 

the distance between them trom 5.25" to 16". Two wooden 

beams (C), 28" in length, served as the armpieces. The 

proximal end ot each armpiece was attached to the medial 

edge ot its  respective board by a ball-bearing pivot (D). 

These allowed tree rotation ot the arms in the horizontal 

plane. At the distal end ot each armpiece, there was a 

vertical, cylindrical swivel handgrip (E), 1” in diameter.

The distance ot each handgrip trom the proximal end ot its  

armpiece was adjustable trom 16.75" to 25.50". The adjust­

able boards and handgrips allowed the equipment to accom­

modate subjects ot d itterent sizes.

The arc ot rotation ot each armpiece was mapped on its  

respective board in .25° trom the most lateral <0°) to the

Q
most medial (99 > position. At the distal end ot each 

armpiece was a centrally aligned pointer (F) which indi­

cated the position ot the armpiece on the mapped arc. A 

curved metal band (8) secured to each board followed the 

arc ot rotation of the armpiece just distal to the pointer. 

Metal clamps (H>, placed along the two bands, were used as 

stops to define the start and end positions of movements of 

the armpieces.

When either armpiece contacted its  end position stop,
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Figure l: Arm movement apparatus. The components are la ­

belled: A. base) B. boardf C. armpiece; D. pivot; 

E. handgrip; F. pointer; G. metal band; H. metal 

clamp; I.  switches; J. chinrestl K. box;

L. shield. See text tor description.
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a magnit, mounted on the armpiece, triggered a magnetic 

switch to produce two consecutive signals. The choice o-f 

interval between the two signals could be selected via a 

switch (I) mounted on each board.

Signals (70 dB, 115K Hz, 750 ms) and continuous white 

noise (62 dB) were delivered binaurally to the subject 

through earphones.

An adjustable chinrest (J) mounted at the midpoint ot 

the base, between the two boards, was used to s tab ilize  the 

subject's head position. At the same time, the subject’ s 

chin depressed the lever ot a microswitch. Raising the chin 

slightly  released the lever, producing an immediate audi­

tory si gnal.

A 12 x 12 x 10 ", tour-sided box (K>, mounted around 

the chinrest was used to occlude the subject's vision. Ad­

justable shields (L) extended the sides and bottom ot the 

box to insure that a ll visual cues were eliminated. A 

stopwatch was used to time movements during practice 

t r ia ls .

Procedure

Each subject was tested individually during two ses­

sions. Before the beginning of the f ir s t  session, the sub­

ject read and signed a form stating that participation was 

voluntary, and then read these instructions:

The task you are about to perform was de­
signed to assess how accurately you can replicate  
the end position of movements made with either
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your right or la ft  arm.
On tach t r ia l thara w ill ba two movaaanti 

madal tha f irs t  movamant w ill dafina tha and po­
sition to ba raplicatad, whila tha sacond mova— 
mant w ill ba your attampt at raplicating tha and 
position. Tha arm baing tastad and tha and posi­
tion w ill vary from tr ia l to tr ia l and I w ill 
inform you bafora aach t r ia l which arm is to ba 
tastad.

PIaca your chin in tha chinrast. I w ill than 
indicata tha arm baing tastad and you should 
piaca that arm on tha corrasponding armpiaca 
(right or la f t ) .  Bagin moving your arm in a 
smooth, continuous mannar until tha armpiaca 
contacts tha matal stop dafining tha and position 
to ba raplicatad. Maintain your arm at tha and 
position until you haar a 'baap', at which tima 
you can ramova your arm from tha armpiaca and 
piaca i t  in your lap.

Thara w ill ba a tima dalay which may vary 
from tr ia l to t r ia l .  During this dalay, do not 
nova your arms or ramova your chin from tha 
chinrast. Following tha appropriata tima dalay, 
you w ill haar a sacond *baapf . You should than 
raposit.ion tha arm baing tastad on tha armpiaca 
and attampt to raturn to tha and position dafinad 
by tha in it ia l  movamant. Onca again, mova your 
arm in a continuous mannar and in ona diraction 
only. Onca you ara satisfiad that you hava ra- 
turnad to tha dasirad and position, indicata this  
by raising your chin s ligh tly  from tha chinrast. 
Howavar, do not ramova your arm from tha armpiaca 
until I say "Dona", which w ill signal tha and of 
tha t r ia l .  Do you hava any quastions?

Tha subjact was than saatad cantrally bahind tha ap­

paratus on a stool adjustad to a comfortabla haight. Whila 

tha subjact sat with chin in tha chinrast and arms axtandad 

la ta ra lly , tha boards of tha basa wara adjustad so that tha 

pivots of tha armpiacas could ba placad undarnaath, but not 

touching, tha ax illaa . With chin s t i l l  in tha chinrast and 

vision occludad, tha subjact adjustad tha handgrips by 

grasping both grips and pushing tham outward simultanaous— 

ly. Whan tha arms fa it  comfortabla and aqually axtandad
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over the range ot positions to be used in the task, but not 

touching the armpieces, the handgrips were tightened in 

that position.

Next, the subject received verbal instructions trom 

the experimenter who stood on the right or the le tt  side ot 

the subject according to a counterbalanced design, deter­

mined by whether the subject was to receive Form A or Form 

B ot the practice tr ia ls . The verbal instructions were as 

tollows:

I w ill just b rie tly  go over the instruc­
tions that you read and add a tew things. F irs t­
ly, your arms should be resting in your lap. You 
w ill know that a t r ia l is to begin and also which 
arm you should use because I w ill say 'r ig h t' or 
' l e t t ' .  You should bring your right ( le tt)  arm up 
and grasp the handgrip or handle. However, you 
w ill not be able to see the handgrip so you might 
tind yourselt groping around to tind i t .  There is 
an easy way to locate i t ,  though. No matter what 
position the mechanical arm is in, the proximal 
portion w ill always be in the same place. You can 
locate th is easily and then just tap or slide  
your hand out to the handgrip. I t 's  okay to touch 
the arm to do th is. Once you've found i t ,  no part 
of your arm should be touching the mechanical 
arm—only your fingers and thumb which should be 
wrapped around the handgrip. I t  may seem natural 
for you to want to place your thumb on top of the 
grip to help support your hand, but i t  is  impor­
tant that you remember to keep your thumb down 
and wrapped around the handgrip. This is to pre­
vent d ifferent ta c tile  information from being 
produced by different positions of the arm. Be­
fore beginning your movement, just tap the back 
stop to make sure that your movement is beginning 
from the correct position. Your movement should 
be smooth and continuous until you reach the se­
cond stop. Hold that position until you hear a 
'beep'. Then release the handle and place your 
arm in your lap. When you hear a second *beep*, 
again, find the handle and again make a smooth, 
continuous movement. This time, though, stop at 
that place where, tu the best of your a b ility , 
you believe you were stopped on the previous
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movement. Signal me that you have made your de­
cision by slightly  raising your chin trom the 
chinrest. You w ill tind that just a slight chin- 
l i t t  w ill be enough. I t  is important to keep your 
arm s t i l l  during this time so that I can record 
your position accurately. Do not remove your hand 
trom the grip until I say 'Done*. When I say 
'Done’ , we w ill both know that the tr ia l is over) 
you don’ t need to answer me. You should remove 
your hand and place i t  in your lap.

I t  is important also, during the running, 
that you keep your chin in the chinrest except 
during a break. I t  you do need to bring your head 
out tor any reason, please te ll me t ir s t .

One other thing. Some ot us may have a ten­
dency to use a type ot internal clock in a task 
ot this sort. That is, we may count to give our­
selves a sense ot time and then by trying to move 
at the same speed tor the same amount ot time, 
get back to the same position. But that won’ t 
work in this task and may even increase error 
because the start position w ill always be d it -  
ferent tor the t irs t  and second movements ot a 
t r ia l .  In other words, this task is designed not 
to have you try to replicate distance. But, ra­
ther, this task is designed to have you ask ’How 
does i t  teel to be in a certain position? Does i t  
teel like  I ’m back in that position again?’

Now, we’ l l  go through the practise tr ia ls  
and then I ’ l l  ask you i f  you have any questions 
before we begin. The session w ill contain three 
short breaks. Are you ready?

After the verbal instructions, the subject was fitte d  

with earphones. Continuous white noise, channeled through 

the earphones, prevented localization of sound within the 

experimental cubicle and blocked out irrelevant noises. The 

tones used as signals were superimposed over the white 

noise and were clearly audible. The subject was also able 

to hear simple verbal commands such as "Right", "Left", 

"Done" or "Break" with the earphones in place.

There were eight practice tr ia ls  in a pattern of

RRLLLLRR (Form A) or LLRRRRLL (Form B). The two patterns
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Htre counttrbalanctd ovtr subjects in an ABBA fashion.

Each tr ia l consisted of a model movement and a re p li­

cation movement. The model movement was cued by the verbal 

command of "Right" or "Left". The subject then raised his 

right ( le ft)  arm from his lap and grasped the appropriate 

handgrip. The subject brought the armpiece back to the 

stop, to insure that the movement would begin from the 

specified start position, and then made a smooth, continu­

ous, medially directed movement until halted by a second 

stop. The subject held this position for 2 sec until a tone 

signaled that i t  was time to release the grip and place his 

arm again in his lap. At the end of a 10 sec retention in­

terval, the subject heard a second tone which was the sig­

nal to relocate the handgrip and move the armpiece from the 

start position a second time in a smooth, continuous, me­

d ia lly  directed movement. This was the reproduction move­

ment, and was terminated by the subject at the point which 

he estimated to best represent the target end position.

While carefully holding this position, the subject raised 

his chin s ligh tly , producing a tone to indicate that his 

decision had been made. The position of the armpiece was

o
recorded manually, accurate to at least .5 . Lastly, a 

verbal signal, "Done", told the subject to release the 

handgrip and place his arm back in his lap.

The movement duration of the practice tr ia ls  was timed 

by stopwatch. A t-te s t was used to determine whether there 

was a  significant difference in movement durations for the
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right and le f t  arms.

Tha retention in ts rv il  Mas manipulated on each t r ia l  

by pressing tha twitch ip s ila ta ra l to tha performing arm, 

in ordar to keep any auditory cuas constant across t r ia ls .  

Tha subjact ramainad m i th chin in tha chinrast throughout 

tha sassion so that at no tima Mas tha placement o-f tha 

armpiaca v is ib le . Verification  that tha chin Mas in placa 

Mas provided by monitoring tha re flection  of tha subject’ s 

prof l ie .

Experimental sessions d irec tly  folloMed tha practice 

t r ia ls .  Each sassion Mas divided into four blocks of twelve 

t r ia ls  Mith a brief rest period of about f iv e  minutes after  

each block. Before each rest period, tha armpieces Mere

o
placed in the extreme la tera l position (-10 ) to prevent 

visual cues of test positions. At least one day but no more 

than 14 days separated the f i r s t  and second sessions. I f  

the f i r s t  session m ss a mixed interval session, then the 

second Mas a fixed interval session and vice versa, in ac­

cordance Mith a counterbalanced design.

Desi qn

Each subject participated in two sessions, one mixed 

interval and one fixed in te rva l. The mixed interval session 

Mas comprised of 48 t r ia ls l  24 right-arm and 24 left-arm  

t r ia ls .  Within each group of 24 t r ia ls  for a single arm, 12 

had a long (20 sec) retention interval and 12 had a short 

(5 sec) retention in te rva l. Each group of 12 t r ia ls  Mith a
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particular retention interval warn comprised ot »ix tr ia ls

o
Mith a lateral (50 ) end position and six tr ia ls  with a 

medial (75°) end position. Although the model movement ex­

cursion length was 35° to each end position, three tr ia ls  

had a short replication excursion length (20° to the target 

end position) and three had a long replication excursion 

length (50° to the target end position). The two excursion 

lengths were equated across the two end positions and the 

two retention intervals were equated across excursion 

lengths and end positions for both arms. This yielded eight 

distinct types of tr ia ls  matched for the right and le ft  

arm, each of which occurred three times in one session (see 

Appendix B for a sample data collection sheet).

The 48 tr ia ls  were ordered in a random fashion with 

some constraints. The f ir s t  four tr ia ls  were long interval 

tr ia ls , to allow a 'set* to develop, after which no more 

than three tr ia ls  in succession with the same retention 

interval or arm were allowed.

The fixed interval session was identical to the mixed 

interval session except that the retention interval was 5 

sec for a ll t r ia ls .

Response Measures

The raw data were the actual end positions of the re­

plication movements, in degrees. Three different response 

measures, discussed e a rlie r, were derived from this data: 

absolute or unsigned error (AE) (the difference between the
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target and the actual end position without regard to d i­

rection), constant or algebraic error <CE) (the directional 

or signed difference between the target and actual end po­

s itio n ), and variable error <VE), (the standard deviation 

ot CE).

Data Analysis

Trials •from the mixed interval session which had a 5  

sec retention interval were matched with similar tr ia ls  

from the fixed interval session. The unmatched long in ter­

val tr ia ls  of the mixed interval session and the unmatched 

short interval t r ia ls  from the fixed interval session were 

used to provide a 'se t' and did not enter into the analy­

sis. Thus, for analysis, there were 2 Sexes, 2 Arms, 2 

(end) Positions, 2 (excursion) Lengths and 2 Session Types 

(Mixed and Fixed). This resulted i n a 2 x 2 x 2 x 2 x 2  

design. The data were subjected to an analysis of variance 

with one 2—level grouping factor (Sex) and four 2—level 

repeated measures factors (Winer, 1967).

Because three different response measures (AE, CE, and 

VE) were obtained from each t r ia l ,  a separate analysis of 

variance was calculated for each type of measure. Although 

studies in th is area generally accept a p<.05 level of 

confidence as significant, a p<.01 level of confidence was 

adopted due to the many F-tests included in each analysis 

of variance.
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Results

Absolut* Error

The analysis o-f varianci o-f AE (see Appendix C) 

showed no signi-ficant main effects. One 2-way interaction, 

Arm x Position was significant (p<.0001). Mean AE for the 

right arm was smaller at the lateral position than at the 

medial position! for the le ft  arm, mean AE was smaller at 

the medial position than at the lateral position (see Table 

1) .

Constant Error

The analysis of variance of CE (see Appendix D) showed 

two significant main effects, Position (p<.0001) and Length 

(pC.OOOlH two significant 2-way interactions, Session Type 

x Length (p<.004) and Position x Length (p<.OO07)f and one 

significant 5-way interaction, Session Type x Arm x 

Position x Length x Sex (p<.OOS).

For the main effect of Position, mean CE was more ne-

o
gative at the medial position (-4.72 ) than at the lateral 

position (—1.29 ). For the main effect of Length, mean CE 

was significantly more negative for a tr ia l requiring the 

long target excursion length (-5.74°) than the short ex­

cursion length (-.2 7 °). Put another way, on long target 

excursion tr ia ls , replication excursion length was like ly  

to undershoot the target by a greater amount, or overshoot
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Tabl *  1

Mean Absolut* Error in Degrees: 
Arm x Position Interaction

Right Le*t

Msd i a 1 7. 75 6. 65
Lateral 6.43 7.75
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the target by a 1 amount, than on short target ex­

cursion tr ia ls .

The Session Type x Length interaction showed that the 

main effect of Length was greater in the Fixed than in the 

Mixed Session (see Table 2) and the Position x Length in­

teraction showed that the main effect of Length was greater

0 Q
at the lateral (50 ) position than at the medial (75 ) 

position (see Table 3).

To determine the proportion of variance explained due

squares of the 5-way interaction was divided by the total

n ificant. This Session Type x Arm x Position x Length x Sex 

interaction is shown in Figure 2. Difference scores are 

tabulated in Appendix F.

First order difference scores for Length re flect the 

main effect: mean CE was more positive for short target 

excursion tr ia ls  than for long target excursion tr ia ls .  

Second order difference scores re flect the 2-way in ter­

action of Position x Length: the main effect of Length was 

greater at the lateral (50°) than at the medial (75°) end 

position. Third order difference scores show that the 

difference between the Mixed and the Fixed Sessions, for 

the 2-way interaction, was greater in magnitude for the 

le ft  than for the right arm. Fourth order difference scores 

showed that direction of the third order difference was 

opposite for the two sexes.

to the 5—way interaction

found to be low (.02) but sig-
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Maan Constant Error in Dagraas: 
Sassion Typa x Langth Intaraction

Sassi on Sassi on
Langth Mi xad Fi xad

Short -.50 -.03
Long -4.80 -6.68

Tabla 3

Maan Constant Error in Dagraas:
Pos i t i on x Langth Intaraction

50 dag 75 dag
Langth Posi t i  on Posi t i  on

Short
Long

+2. 16
-4. 73

-2.69
-6.74
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Figura 2. Samon Typa x Arm x Position x Langth x Sax

intaraction tor matchad short (5 sac) retention 

interval tr ia ls : Maan constant error (CE -  maan 

constant error) P ” targat and position).
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The 5-way interaction may be interpreted thim way: 

the Position x Length interaction across the Session Types

♦or males reflects a more positive mean CE for the le ft

o
arm, with a long excursion, to a lateral (50 ) end position 

in the Mixed Session than in the Fixed Session, resulting 

in a positively shitted -fourth order difference score. The 

Position x Length interaction across the Session Types for

females reflects a more positive mean CE for the le ft  arm,

o
with a long excursion, to a medial (75 ) end position in 

the Mixed Session than in the Fixed Session, resulting in a 

negatively shifted fourth order difference score. First 

order difference scores for Session Type (see Appendix G) 

show that the greatest CE sh ift in the Mixed as compared to 

the Fixed Session for males is  positive and occurs with the 

le ft  arm and a long target excursion at the lateral (50°) 

end position. For females, the largest CE sh ift in the 

Mixed as compared to Fixed Session is positive and occurs 

with the le ft  arm and a long target excursion, at the 

medial (75°) position. A smaller positive CE sh ift is seen 

for females, also, with the right arm at the lateral (50°) 

position.

To assess whether individual subject scores reflected 

the means for the 5-way interaction, individual fourth or­

der difference scores were derived by subtracting the mean 

third order difference score of the opposite sex from the 

individual scores (see Table 4). Eleven out of twelve males 

had a fourth order difference score that was more positive
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Tab la 4

Individual Fourth Ordar Pitfaranca Scores in Dagraas 
Minus lie an Fourth Ordar Difference Scora of Opposita Sax

Subjact Individual X Di-f-f. Scora Pi-ffar-
Mal a P it. Scora  Famala anca

1 +25.29 -7.77 +33.06
2 + .64 -7.77 + 8.41
3 -  5.40 -7.77 + 2.37
4 +9 .00  -7.77 +16.77
5 +11.94 -7.77 +19.71
6 + 7.58 -7.77 +15.35
7 -11.00 -7.77 -  3.23
8 +20.25 -7.77 +28.02
9 -  4.33 -7.77 + 3.44

10 + 9.76 -7.77 +17.53
11 + .25 -7.77 + 8.02
12 +22.17 -7.77 +29.94

Subjact Individual X Pif-f. Scora Pif-far-
Famal a P it. Scora  Mai_a_____ anca

1 -  8.17 +6.83 -15.00
2 -  1.66 +6.83 -  8.49
3 -10.09 +6.83 -16.92
4 +2 .76  +6.83 -  9.59
5 +7 .43  +6.83 + .60
6 + .24 +6.83 — 6.59
7 -  .74 +6.83 -  7.57
8 +18.75 +6.83 +11.92
9 -11.33 +6.83 -18.16

10 -26.68 +6.83 -33.51
11 -23.92 +6.83 -30.75
12 -19.66 +6.83 -26.49
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than the man -fourth ordar difference scora for femalesi 

tan out of tm lve fanalea had a fourth ordar diffaranca 

scora that was more nagativa than tha man fourth ordar 

diffaranca scora for males.

Variable Error

No main affacts or intaractiona raachad aignificanca 

(saa Appendix E).

Discussion of Experiment 1

Raplicat ion Excursion Langth

Hypothasis 1, raplication movaman t langth m ss sup­

port ad for madially diractad movamants concerning both arms 

and both sexes: tha CEs of short projected excursions Mara 

shifted in a positive direction as compared to CEs of long 

projected excursions. This central tendency affect for 

movamant raplication has bean reported by flartenluk,

Shields, & Campbell (1972) and Pepper It Harman (1970).

Proportionality between Absolute Error and Excursion Length 

In this experiment, there was no main affect for 

lengthl AE was not found to be proportionate to raplication  

excursion langth so Hypothasis 2 was discarded.
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Target End Position

Hypothesis 3 regarding tha targat and position Mas 

supportad: with modal movamant axcursi on langth hald con­

stant and and positions matchad tor projactad raplication 

movmants, raplication movamants to lataral and positions 

wara longar than raplication movamants to madial and posi­

tions! CE was shit tad nagativaly tor madial as comparad to 

lataral positions. This was trua tor malas and tamalas 

alika. Thus, avan with positions aquatad with ragard to 

movamant langths, Nadlar’ s <1983) rasults wara contiraad.

Why should this attact consistantly emerge? It  Larish 

and Stalmach (1982) ara corract, tha ago rataranca systam 

usas body rataranca points bast in tha trontal or facing 

portion of axtraparsonal spaca. Tha body-basad rataranca 

points (tha shouldar jo ints, assantially, in tha prasant 

axparimant) would, tharafora, hava baan usad for madial 

targats, and distanca cuas might hava baan usad for lataral 

targats. Howavar, thara is no m  p r i o r i  raason to supposa 

that distanca cuas had a mora positiva sh ift than position 

cuas nor avan that thay wara usad, particularly sinca sub- 

jacts wara wall informad that tha usa of distanca cuas 

would laad to arror.

An altarnativa axplanation may ba that aach arm has 

an optimal range in near axtraparsonal spaca, perhaps due 

to experience and/or use of tha shouldar jo ints as re fer­

ence points, which is in tha ips ila tera l frontal hemi-
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spatial fie ld . The inclination might exist to move an arm 

into, but not out of, this optimal range, a sort of 'com­

fort zone’ . To use the terminology of Seligman (1970), 

in itia tio n  of movement into this zone is a 'prepared ac­

tion ’ , whereas movement out of i t  is counterprepared. 

Therefore, more lateral target end positions would be as­

sociated with a more positive excursion length (a me— 

d ia l1y-directed sh ift) than the medial target end posi- 

t i ons.

Previous to the Nadler (1983) study this position ef­

fect had not been reported, most like ly  because of proce­

dural differences across studies. Many studies required 

linear rather than curvilinear movements (e .g ., Walsh et 

a l. ,  1979). In others, the range of movements was not l i ­

mited to the ipsila tera l hemispace of the arm (e .g ., Laabs,

1971) or extreme differences in excursion lengths were not 

equated across the various end positions (Wrisberg & Win­

ter, 1985). Another variable of possible relevance is whe­

ther the movements are abductive of adductive. Both the 

Nadler and the present study employed adductive movements 

while other studies (e .g ., Laabs, 1971) employed abductive 

movements. A small p ilo t study conducted prior to the pre­

sent study examined abductive movements and failed  to find 

a position effect. However, movements were limited to the

ipsila tera l hemispace for each arm and, therefore, the me- 

o o
dial range (70 to 80 ) was not tested using long excur­

sions. Thus, this question requires further research.
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Performance Aiymwtry

Hypothesis 4, that performanee would be better tor the 

le ft  than tor the right arm, was supported in part: 

p»rtormanc« at the medial target position was better with 

the le tt  than the right arm, as measured by AE. At the 

lateral position, however, pertormance was more accurate 

with the right than the le tt  arm. These results are compa­

tib le  with those ot Nadler (1983). Although Nadler tound a 

le tt  arm advantage at a ll three end positions used, ettects  

ot ditterent ranges ot end position and excursion length 

could account tor ditterences in pertormance between his 

and the present study.

Phillips and Summers (1954) hypothesized that move­

ments ot the le t t  arm are better than those ot the right 

arm at less tam iliar (la tera l) positions. Since movements 

into medial extrapersonal space should be more tamiliar 

than those contined to lateral extrapersonal space tor 

either arm, the data did not support the hypothesis ot 

Phillips and Summers (1954): le t t  arm movements were not 

more accurate than those ot the right at the less tam iliar, 

lateral position.

For the medial positions, i t  may be that the egocen­

tr ic  reference system was used, just as Larish and Stelmach 

(1982) would predict, shifting the emphasis from kinesthe­

tic  to spatial a b ilit ie s . Since the right hemisphere is 

believed to be superior to the le ft  for sp atia lity  this may
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hivt conferred the le ft  arm advantage at the medial posi­

tions. For lateral positions, kinesthetic cues may have 

been emphasized, eliminating the right hemisphere advan- 

t age.

Temporal Uncertainty

Hypothesis 5, that temporal uncertainty would have an 

asymmetrical effect on AE performance, was disconfirmed.

The le ft  arm advantage at the medial position was indepen­

dent of temporal uncertainty! i t  was observed in the fixed, 

as well as the mixed, retention interval session.

Two hypotheses about CE performance also concerned 

temporal uncertainty: Hypothesis 6 was that le ft  and right 

arm performance as measured by CE would be d iffe ren tia lly  

affected and Hypothesis 7 was that this asymmetry would be 

greater for males than for females. In fact, an asymmetry 

in performance and a more lateralized response for males 

than females was found, but these occurred only as part of 

the 5-way interaction. The greatest positive sh ift in CE, 

for the mixed as compared to the fixed condition, was seen 

for males at the most lateral position for the le ft  arm, 

whereas for females, the greatest positive sh ift was seen 

at the medial position for the le ft  arm with a lesser e f­

fect at the lateral position of the right arm.

Bryden (19791 stated that sex differences in perfor­

mance may occur due to a) biological differences, b) d if ­

ferent strategies, or c) an interaction of a) and b) . To
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sort out these -factors, i t  is necessary to examine the ev­

idence linking temporal uncertainty manipulations to 

changes in arousal level.

Evidence is presented to support the view that the 

right hemisphere subserves a primarily receptive arousal 

system! the le tt  hemisphere, a primarily motoric activation 

system. Furthermore, asymmetries in these systems may be 

attributed to characteristic or t ra it  asymmetries in the 

biochemical and anatomical systems underlying arousal and 

activation. These asymmetries exist for groups, with indi­

vidual variation superimposed, and interact with the dyna­

mic processes involved in selection of task strategies.

Arousal. Arousal is the automatic, phasic, stimulus— 

event e lic ited  receptivity of the organism. Pavlov (1927) 

was the f irs t  to observe that a newly selected stimulus 

e lic ited  an unconditioned, attentional-type, "What is i t '5" 

response. Pavlov (1927) termed this behavior the orienting 

response (OR). Sokolov (1960, 1963) found that in it ia l

presentations of a stimulus of moderate intensity w ill re­

sult in a generalized, nonspecific OR, regardless of the 

sensory modality. Wnat is important to e l ic it  the OR or 

arousal is a stimulus which imparts novelty, adaptive 

value, surprisingness, significance or uncertainty. Even 

the absence of a stimulus can trigger an OR i f  the omission 

of an expected stimulus or the unexpected termination of a 

current stimulus leads to surprise.

Activation. Activation has been functionally defined
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in at least two distinct ways. F irs tly , activation is de­

fined as tha motoric rasult ot an arousal rasponsa and, 

therefore, couplad with arousal. Pavlov (1927) notad that 

tha "What is it?" rasponsa or OR was followed by a "What’ s 

to ba dona?" raaction or activation. This is tha maaning 

which Vinogrodova and Sokolov (1975), Luria (1973) and 

Hailman (1979) impart to activation. Howavar, activation is 

also defined as a praparadnass, a tonic raadinass to re­

spond, or vigilanca (Pribram Sc McBuinnaas, 1975). This 

la ttar definition viaws arousal and activation as poten- 

t ia l ly  dacouplad. Failura to racogniza tha distinction has 

lad to a controversy concerning whether activation has a 

rig h t- or a le ft-b ra in  bias. Hailman (1979) regards a c ti­

vation as right-brain biased, because tha right hemisphere 

receptive arousal system has a motoric component to sub­

serve the "What’ s to be dona?" reaction to an arousing 

stimulus. Tucker and Williamson (1984), howavar, suggest 

that activation is le ft-b ra in  biased whan i t  is involved in 

praparadnass and intention and is dacouplad from arousal.

Characteristic arousal. Asymmetries of arousal can be 

task-dependant due to a lateralized stimulus or hemispheric 

function (Kinsbourna, 1974), or task-independent, due to 

neurochemical r other characteristic asymmetries (Levy, 

Heller, Banich, It Burton, 1983) Among dextrals, individual 

differences in the magnitude of asymmetry have typically  

been attributed to differences in hemispheric specializa­

tion but Levy at a l . (1983) postulate that much of the
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variation is dut to characttristic ( tra it)  and task- 

mdependent asymmetries ot hemispheric arousal.

The neglect syndrome provides evidence tor asymmetry 

ot the arousal system in humans. A lesion ot the right 

hemisphere leads to a more protound neglect than a lesion 

ot the le tt hemisphere, a tinding not attributable to the 

extent ot the lesion (Heilman St Valenstein, 1972). Right 

hemisphere neglect patients have depressed galvanic skin 

responses (GSRs) (Heilman, SchMartz, St Watson, 1977), and 

bilateral motoric slootness (Watson, Andriola & Heilman, 

1977). Neglect due to a lesion ot the right hemisphere is 

usually b ilateral but most protound on the le t t .

Investigation ot normal subjects also yields evidence 

to implicate the right hemisphere in arousal. Light stimuli 

presented in the right visual fie ld  (RVF) produce contra­

lateral parietal desynchronization but i f  the stimuli are 

presented in the le ft  visual fie ld  (LVF), the desynchroni­

zation is b ilateral (Heilman St Van Den Abell, 1980). Pari­

etal lesions may induce neglect due to destruction of the 

OR-type attentional cells which are believed to be more 

numerous in the right hemisphere of humans (Heilman It 

Valenstein, 1972).

Asymmetry in evoked potential research is associated 

with arousal: the early component of the contingent nega­

tive variation (0-wave) is believed to re flect the OR. The 

O-wave, its e lf ,  is divided into an early N3 and late N4 

component. Rohrbaugh, Newlin, Varner, and Ellingson (1984)
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discovered that the N4 component Mas 1arger at the right 

than at the le tt  frontal electrode and suggested that this 

asymmetry may reflect the right hemisphere predominance for 

arousa1.

Evidence indicates that the right hemisphere has a 

bilateral capability to mediate arousal Mhich increases 

activation. Heilman and Van Den Abell <1979) found that the 

LVF warning signals reduced right hand RT more than RVF 

warning signals reduced le ft  hand RTs. Since right hemi­

sphere arousal leads to le ft  hemisphere arousal (Heilman fc 

Van Den Abell, 1980), le ft  hemisphere/right hand RT is im­

proved.

The right hemisphere is b ila te ra lly  involved in the 

motoric component of arousal based on lesion sites of many 

neglect patients. Lesion sites which induce hypokinesia are 

almost always right-sided and these include frontal cortex 

(Heilman & Valenstein, 1972), striatum (Heir, Davies, 

Richardson, fc Mohr, 1977| Valenstein It Heilman, 1981), and 

intralaminar nuclei (Matson It Heilman, 1979). This centre 

median-parafasicular complex has a higher concentration of 

NE on the right than on the le ft  (Oke, Keller, Mefford, & 

Adams, 1978). Taken together, the evidence indicates that 

the motoric component of the arousal system also has a 

right-sided bias.

The conclusion drawn by Heilman (Watson It Heilman,

1979) from the above studies is that the le ft  hemisphere 

subserves the contralateral (right) side but the right
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hemisphere with its  subcortical components has a b ilateral 

responsibility tor arousal . In support ot this view, Bowers 

and Heilman (1980) report that, in a tactually guided line— 

bisection task, pertormance is superior with the le tt  than 

with the right hand and superior in the le tt  than in the 

right hemispatial tie ld . However, these results must be 

regarded as tentative at present because two independent 

studies ta iled  to replicate (Bruder, personal communica­

tion, August 14, 19861 Hatter Sc Yamamoyto, 1986).

Matson and Heilman (1979) believe that hemispatial 

ettects are subject to environmental intluences: a la te r- 

alized attentional—arousal tie ld  can sh itt the tunctional 

midline (Bowers, Heilman, S< Van Den Abell, 1981). Bowers et 

a l . suggest that a dynamic realignment ot perceptual space 

occurs with lateralized stimuli or responses wherein the 

body midline no longer serves as the division between le tt  

and right hemispace.

Characteristic activation. Asymmetry ot activation may 

be expressed by the tendency ot most people to veer to the 

right while walking or to choose the right stairway when 

given a r ig h t-le tt  choice (Howard Sc Templeton, 1966).

Glick, Ross, and Hough (1982) analyzed human brains 

but were unable to report the handedness history related to 

the specimens. The dopamine level ot the caudate and puta- 

men was higher on the right while that ot the globus pal- 

lidus was higher on the le t t .  Thus, Glick et a l . concluded 

that pallidal dopamine, greater on the le t t ,  is related to
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directional bias since i t  can be assumed that most people 

are right-handed. Glick et a l . believe that in l i fe  these 

dopamine levels have a dynamic relationship with r ig h t-le ft  

asymmetry and depend on the ac tiv ity  of the whole system. 

Taken together with the results from animal reseach (see 

Appendix K), these asymmetries are believed to have 

functional significance.

In the Tucker and Williamson (1904) model of arousal 

and activation, activation has a le ft-b ra in  bias and is 

tonic whereas arousal has a right-brain bias and is phasic. 

This model is consistent with a le ft  hemisphere speci­

alization for complex motor operations and a right hemi­

sphere specialization for integrating b ilateral perceptual 

input. Hughlings Jackson (Taylor, 19S8) concluded that the 

le ft  hemisphere is specialized for expressive funtionsl the 

right hemisphere, for receptive functions. Arousal and ac­

tivation underlie the specialization of motor and percep­

tual functions. The relevant neurotransmltters are also 

asymmetric: dopamine is left-biased and norepinephrine is 

right-biased. The attention required to maintain vigilance 

(activation) is basically different than an OR to a warning 

stimulus or other external event.

Levy et a l . (1983) approached the problem of iso lat­

ing characteristic arousal by including a performance ra t­

ing in a la te ra lity  task. I t  is known that a search for a 

target le tte r within a vertica lly  aligned array of le tters  

is faster when the array comprises a word than when i t
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form* a non—pronouncable nonword (Kravgvr, 1970). The 

do*»r to the bottom of the array that tha target is, the 

greater w ill be the difference in search times for word and 

nonword arrays—the word superiority effect. Levy et a l . 

(1903) noted that this increase in error with deepening 

position is due to a deterioration in LVF, but not RVF, 

performance. The performance of the RVF is stable from top 

to bottom so that i t  gains an increasing advantage with 

progressively lower placed le tters  of the word-array as LVF 

performance deteriorates. These differences are believed to 

result from a le ft  hemisphere a b ility  to use a linguistic  

name-code strategy along with a limited use of the non- 

linguistic feature extraction processes. The right hemi­

sphere, however, must rely almost excusively on its  feature 

extraction a b ility  because, although i t  is capable of de­

coding or matching words for meaning, i t  cannot encode a 

nonsense word through name—code derivation. The outcome is 

that the right hemisphere processes the last letters much 

more slowly than the le ft  hemisphere because i t  must ana­

lyze each le tte r singly.

In the Levy et a l . (1903) experiment, dextral subjects

performed a linguistic task which required identification  

of vertica lly  aligned consonant/vowel/consonant nonsense 

syllables. The syllables were presented singly, near abso­

lute threshold, and dintributed over the two visual hemi-  

fie lds in a constrained-random order. Subjects also rated 

the correctness or incorrectness of their responses on a
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three point seal* ot confidence, yielding a performance 

discrimination measure and a bias about that measure. As 

predicted, last la ttar errors, with f ir s t  la tta r correct, 

wara more pravalant in tha le ft  than in tha right visual 

•field. First la tta r errors, with last la tta r correct, wara 

more pravalant for tha right visual fia ld . Subjacts wara 

than dividad into thosa with a strong right visual bias 

(Group S) and thosa with a weak or absant right visual bias 

(Group W). Whereas Group W performed better than Group S on 

f irs t  1 attars, Group S performed batter than Group W on 

last le tters . Interestingly, tha re la tive  sh ift of tha two 

groups in asymmetry was stable regardless of la teralization  

of error types. That is, f ir s t  la tta r errors occurred more 

in tha RVF, although this affect was greater for Group W.

For middle positioned errors, Group W showed a slight RVF 

incraasal Group S showed a LVF increase. The last le tte r  

errors were predominantly LVF errors for both groups but 

the greatest effect was seen for Group S. I t  appears that 

some general factor shifted the perception of Group W to 

the le f t .  Levy et a l . believe this factor to be a greater 

right hemisphere arousal for Group W than for Group S based 

on the arguments presented below.

F irs tly , because both groups performed better on f irs t  

le tters in the LVF and on last le tters  in the RVF, no group 

differences in hemispheric specialization for name-code and 

feature analysis a b ilit ie s  can be inferred. Secondly,

1ateralization of metalinguistic s k ills  is not believed to
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be responsible for the differences in performance. Because 

the magnitude of subject bias did not constrain the per­

formance discrimination a b ility , performance discrimination 

could be viewed as a pure metalinguistic s k il l .  Performance 

discrimination scores derived from subjects' judgments 

about performance accuracy, showed both groups to be 

equally capable of making LVP judgments. For Group W, 

though, LVF and RVF judgments were equivalent, whereas for 

Group S, the RVF judgments were superior to the LVF judg­

ments. This is a similar pattern to that produced by the 

syllable identification task its e lf .  The metalinguistic 

system, like  the linguistic system has better access to 

information in the RVF, with a stronger effect for Group S 

than for Group W.

The right hemisphere is also believed to be differen­

t ia l ly  involved in emotionl high arousal of the right hem­

isphere is associated with positive affect and low arousal, 

with negative affect. I f  Group W has a higher right hemi­

sphere arousal than Group S, then Group W should have more 

of a positive bias than group 8. The results conformed to 

prediction. For the LVF, Group S bias was negative and 

Group W bias was positive. The two groups did not d iffe r  

for the slight RVF bias.

Subjects returned for a final task, to examine pages 

with two mirror images of a composite face, one side smil­

ing and the other side neutral. The f irs t  face, on a page, 

was placed above the second and the faces changed along
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with the direction ot smiling side across the pages. By 

choosing the happier looking face, subjects could be scored 

■for direction o-f attentional bias. As predicted, the RVF 

advantage for syllables was inversely related to leftward 

asymmetry on the perceptual face task, supporting the 

arousal asymmetry theory.

Individual differences in characteristic arousal 

asymmetry may lead to characteristic differences in stra­

tegies employed. For example, higher right hemisphere 

arousal could lead to a bias toward nonverbal processing 

and higher le ft  hemisphere arousal toward a verbal bias. 

Diversities in strategy may be a consequence of asymmetric 

arousal which impact on u tiliza tio n  so that one develops a 

bi as.

The asymmetric arousal, its e lf ,  may be the outcome of 

an asymmetric cerebral vascular supply. Carmon, Harishanu, 

Lowinger, & Lavy (1972) administered tr it ia te d  iodine in­

travenously to 85 normal subjects. The nondominant hemi­

sphere showed higher irradiation curves, reflecting an 

asymmetrical blood supply: the le ft  carotid artery stems 

directly from the aortic arch whereas the right carotid and 

subclavian arteries share a common trunk. Jutai (1984) 

suggests that the greater right than le ft  hemisphere cere­

bral blood volume and flow predispose the right hemisphere 

to dominate in the early (arousal) stage of information 

processing.

Activation of a control center can 'prime’ perceptual-
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cognitive mechanisms, perhaps through an attentional bias 

which Trevarthen (1972) would say is a subthreshold OR.

Subvocalizat 1 on improves an a b ility  to detect right-side  

gaps in squares and gives a right visual -field advantage to 

nonsense syllables (Kinsbourne, 1973). The increased arou­

sal which primes the cognitive a b ility  can be documented 

through EEG recordings. Ehr1ichman and Wiener (1980) found 

subjects who showed a 1a te ra liz ation in the EEG activ ity  

due to cognitive tasks and then tested these subjects on 

covert verbal and visual tasks. Since movements were not 

involved, the EEG asymmetries re flect real asymmetries in 

cognitive -function.

Kinsbourne (1979) views the two hemispheres, indeed 

each side of the whole neuraxis, as subserving orienting in 

its  respective contralateral hemispace! right and le ft  OR 

mechanisms are in a dynamic equilibrium at a ll levels of 

the nervous system. I f  one hemisphere is selectively en­

gaged, an increase in the ipsila tera l arousal/activation 

system or "homolateral orienting control center" (Kins­

bourne, 1979, p. 355) induces a sh ift in the le ft-r ig h t  

orienting balance from midline to the contralateral hemi­

space. The arousal summoned forth to undertake a specia­

lized cognitive task increases the arousal level of the 

hemisphere as a whole. The OR and attention are biased to­

ward the contralateral hemispace even though i t  serves no 

adaptive purpose (Kinsbourne, 1970). Thus, Kinsbourne 

(1972) found, in dextrals, that verbal tasks induce a
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rightward visual OR wh#r»*» mathematical or spatial prob­

lems result in an upward or leftward visual OR, if  the ex­

perimenter remains out of view of the subject (Gur, 1975).

Bowers and Heilman (1980) sim ilarly suggest that 

alterations in asymmetry of arousal impact on the hemi- 

spatial body fie ld  or external space. The hemispatial fie ld  

is an egocentric coordinate system, divided into le ft  and 

right by the median plane of the body and as the body moves 

the hemispatial fie ld  is altered. Perception of this  

extracorporeal space is believed to have evolved from per­

ception of corporeal space. Both are dependent on morpho- 

synthesis, convergence of somesthetic and visual informa­

tion (Denny-Brown fc Banker, 1954| Denny—Brown, Meyer, tt 

Horenstein, 1952).

Mesulam (1981, 1983) envisions three distinct repre­

sentations of extracorporeal space: a 1imbic/motivational, 

a parietal/sensory spatial, and a frontal/motor mapping 

representation. Along with Bowers and Heilman (1980), Me­

sulam (1981, 1983) attributes the right hemisphere with a

dominant, b ila tera l role in directing attention into space.

Bisiach and Lazzatti (1978) requested that right 

hemisphere-1esioned neglect patients describe Milan's 

Piazza de Duomo from two different perspectives. Unless 

prompted, patients omitted details from the imagined le ft  

hemispatial f ie ld , but not the right, regardless of the 

perspective imagined. A mental representation of extra- 

corporeal space is apparently mapped across the brain,
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similar to Brain’ s (1941) concept ot tha body schama.

Thus, asymmatrias ot arousal that sh ift tha median 

plana ot tha coordinate system may be general, as typitied  

by the neglect patient ot Heilman and Valenstein (1979) or 

localized, as when engaging in a cognitive task.

Kinsbourne (1970) reasons that because verbal tasks 

are processed in the le tt  hemisphere, tor the most part, 

they produce a rightward OR and tha symptoms ot lett-sidad  

neglect are axacerbated. Visuospatial tasks w ill reduce the 

lett-sided neglect. Hailman and Watson (1978) tound support 

tor this prediction. Right-1asionad neglect patients showed 

a greater decrement in pertormance on a crossing-out task 

i t  the stimuli were verbal than i t  visuospatial, due to a 

more severe lett-sided neglect ot stimuli in the verbal 

task. I t  was not clear, though, i t  the ditterence was due 

to verbal stimuli activating the le tt  or visuospatial 

stimuli activating the right hemisphere more.

Extreme biases are prevented in the normal person by 

callosal inhibition and/or interhemispheric spread ot 

arousal. At least tor arousal, the callosal mechanism i t -  

selt may be asymmetrical since arousal spreads much more 

trom right to le tt  than vice versa (Heilman Sc Van Den 

Abell, 1980).

In summary, there is good evidence that individual 

and, perhaps sexually ditterentiated, characteristic asym­

metries ot arousal and/or activation underlie la te ra liza ­

tion ot specitic a b ilit ie s  and cognitive tunctions.
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Temporal Uncertainty Revisited

I*  the effect resulting fron the temporal uncertainty 

manipulation due to changes in arousal, activation, stra­

tegies, or some combination ot the three variables7 It  

seems that two different foci for spatial orientation 

exist: the posterior parietal regions are concerned with

extrapersonal space and the frontal lobes deal with per­

sonal , egocentric space, involving spatial discriminations 

of the body (Semmes, Weinstein, Ghent, tt Teuber, 1963).

These two different functional areas might be d iffe ren ti­

a lly  and respectively involved in arm positioning and spa­

t ia l location a b ilit ie s . Moreover, parietal lesions of the 

right hemisphere produce greater defic its  of extrapersonal 

spatial a b ilit ie s  than those of the le ft  whereas frontal 

lesions of the le ft  hemisphere produce greater defic its  of 

egocentric spatial a b ilit ie s  than lesions on the right 

(Butters, Soeldner, & Fedio, 1972). In the present experi­

ment, perhaps the males were more like ly  to treat the task 

as a replication of spatial location while the females at­

tempted to replicate arm position. Then, the differences 

would be due to strategy or a strategy x biology interac­

tion. This seems unlikely, because i f  the females were 

using a le f t  hemisphere strategy, then the right arm re­

sponse at the lateral end position should have shown an 

equivalent positive effect ( i f  b ila te ra l) or a larger e f­

fect ( i f  u n ila te ra l), or no effect i f  the le f t  hemisphere 

is unresponsive to temporal uncertainty manipulations.



An arousal modal would allow a ditterent intarprata- 

tion. Both arm positioning (le tt  hamisphera-biasad) and 

spatial location (right hamisphara-biasad) a b ilit ie s  con­

tribute to tha position raplication task and each may hava 

a graatar or 1assar weighting, dependant on response 

demands and individual strategies. It  tha two saxes did use 

dittarant strategies, matching tr ia ls  across the two ses­

sions should ba tha within-subjact control to allow an 

arousal attact to emerge, i t  present. Also, unlike tha RT 

task, tha arm positioning task does not challenge tha sub­

jact with a speeded rasponsa to measure preparedness so 

that a potential arousal response would not be obscured.

It  manipulation ot arousal is responsible tor the 

signiticant 5-way interaction, males are most lateralized  

tor right hemisphere arousal, since the positive increase 

was with the le tt  arm and displaced to the most lettward 

position. For temales, the displacement was shitted less 

but was b ila tera l I the most positive increase was with the 

le tt  arm at the medial position but a less positive in­

crease occurred with the right arm at the lateral position 

(see Figure 3). These results suggest the possibility ot a 

sexually ditterentiated characteristic asymmetry ot arou­

sal . They also argue tor an underlying biological or bio­

logy x strategy basis tor some ot the ditterences observed 

in spatial a b ilit ie s .
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Figure 3. Diagrammatic mapping of mean constant error d if ­

ference scores (mixed minus fixed session/long 

target excursion) onto le ft  and right hemi- 

fie lds of space.
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CHAPTER 11 I 

EXPERIMENT 2

Introduct i on

The **qu*nc* of tr ia ls  in Experiment 1 Here not 

counterbalanced tor the right and le ft  arms. I t  was hypo­

thesized, therefore, that the asymmetries found in the AE 

and CE analyses of variance might be due to a d ifferentia l 

treatment of the two arms through inadvertent sequential 

effects. This hypothesis was based on reports that both RT 

and P3 are influenced by the preceding tr ia ls  (Duncan- 

Johnson, Roth, Sc Kopel 1 , 1981).

In an oddball (rarity ) paradigm, tr ia ls  Mith a rare 

(infrequent) stimulus can usually be differentiated from 

tr ia ls  nith a standard (frequent) stimulus by the amplitude 

of P3. However, about 19% of such tr ia ls  are misclassified 

by P3 measurement (Squires, Wickers, Squires, Sc Donchin, 

1976). These variations are apparently due to the p irticu - 

1ar sequential ordering of t r ia ls  and do not reflect whe­

ther the target tr ia l had a rare or frequent stimulus but 

rather whether a change occurred between the prior and 

present t r ia l .  A stimulus, rare or standard, which is pre­

ceded by a t r ia l  with a like  stimulus is associated with 

greater expectancy than when preceded by a t r ia l  with an 

unlike stimulus. The influence of preceding tr ia ls  extends 

to at least fourth order sequences but the largest effect
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is due to the most recent tr ia ls ! memory decay* as a func­

tion of time (Squires ®t a l .,  1976). Subjective sequential

effects are similar to other probability effects in deter­

mining expectancy and P3 amplitude. Thus, P3 amplitude is 

increased by disconfirmation of expectancy due to sequen­

tia l ordering as well as by a pr i or i o r  conditional proba­

b ili ty .  An increase in both RT and P3 result (Squires et 

a l.,  1976).

For RT, the most prominent effect is a large increase 

in latency i f  the foreperiod of the preceding tr ia l is 

larger than the foreperiod of the present t r ia l (Niemi it 

Naatanen, 1981). Thus, the t r ia l with a shorter foreperiod 

is more susceptible to surprise or disconfirmation of 

expectancy since i t  is more like ly  to be preceded by a 

t r ia l having a comparatively longer foreperiod than is a 

long foreperiod t r ia l .  Sequential effects contribute to the 

foreperiod-RT relation just as does conditional or a prior 1 

probabi1i ty.

The sequential foreperiod effect remains when time 

markers are employed to allow accurate estimation of the 

passage of time (Requin, Granjon, Durup, it Reynard, 1973! 

S t i l i t z ,  1972). So, i t  is unlikely that the effect is due 

to overestimating a short foreperiod following a long 

foreperiod. I t  might be hypothesized that subjects a n tic i­

pate foreperiod repetition rather than alternation. Peak 

readiness would then be premature or late depending on 

whether the foreperiod of the previous tr ia l were short or
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long. Over t r ia ls , a mtan foreperiod peak may be generated 

(Drazin, 1961). This hypothesis is weakened, however, by 

subject report! subjects generally expect alternation 

rather than repetition (Niemi & Naatanen, 1981). However, 

according to Kahneman (1973), the interpretation of Drazin 

(1961) s t i l l  has merit because the OR, its e lf , is more 

primitive and may be at variance with verbal or conscious 

expectations about sequential order.

In support of Kahneman’ s (1973) view, Maltzman,

Harris, Ingram, and Wolff (1971) found that the OR, as mea­

sured by the OSR, was greater for a stimulus change away 

from the in it ia l stimulus level than for a stimulus change 

back to the in it ia l stimulus level. Even though the a lte r­

nating stimulus levels should lead to equivalent conscious 

expectancies, the OR—GSR displayed a primacy effect wherein 

the in it ia l  stimulus level became a referent by which to 

compare successive stimuli for differences.

Tueting, Sutton, and Zubin <1971) and Friedman,

Hakerem, Sutton, and Fleiss (1973) found an inverse re la ­

tionship between P3 amplitude and rareness of the stimulus 

event, although the subject was told in advance what s t i ­

mulus would occur. Even in this 'certa in ' condition, the 

amplitude of P3 differentiated amongst stimuli of .20, .40,

.60 and .80 a priori probabiities. Tueting et a l . (1971)

sim ilarly found an inverse relationship between P3 ampli­

tude and probability of stimulus repetition in the certain  

condition! the subject knew that the stimulus would change,
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yet the rarer the event, the greater the P3 amplitude. It  

is now established that P3, maximal over centro-parieta1 

scalp, is the waveform systematically associated with prior 

sequence of signals (Munson, Ruchkin, R itter, Sutton, & 

Squires, 1984).

A variation of Drazin's (1961) hypothesis of a peak 

readiness on each tr ia l is postulated by Alegria (1975): a 

waxing and waning of readiness occurs over the foreperiod. 

Peak preparations are said to rapidly fade in the absence 

of an imperative stimulus but new peaks (repreparations) 

develop during the foreperiod. Thus, RT w ill be lengthened 

i f  the imperative stimulus occurs before or in between the 

readiness peaks (Alegria, 1975). But, i f  the stimulus is 

coincident with a peak, especially the f irs t  peak, RT w ill 

be reduced. This hypothesis is supported by the finding of 

Loveless and Sanford (1974), that slow n egative brain po­

tentia ls , indicating heightened arousal or attention, occur 

during long intervals at the moments of potential stimulus 

occurrence.

In Experiment 1, i t  may be that the right and le ft  

hemispheres would have been equally responsive to the 

arousal effects of conditional probability had sequential 

ordering been equated for both arms. To test this possibi­

l i ty ,  a second experiment was performed in which the order 

of tr ia ls  for the right arm in Experiment 1 became the or­

der for the le f t  arm in Experiment 2 and vice versa.
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Method

Sub j ec 1s. Subjects Mere ten male and ten -female vol­

unteers selected from the same subject pool and meeting the 

same requirements as those in Experiment 1. Their ages 

ranged from 17 to 27 years of age.

Apparatus and procedure. The apparatus and procedure 

Mere the same as those used in Experiment 1 except that the 

ordering of tr ia ls  Mas changed: a ll right-arm tr ia ls  of

Experiment 1 became left-arm tr ia ls  and a ll left-arm tr ia ls  

of Experiment 1 became right arm tr ia ls . Hence, sequential 

ordering effects Mere exchanged for the right and le ft  arms 

betMeen Experiments 1 and 2.

Response measures and data analysis. Response measures 

Mere those used in Experiment 1: AE, CE and VE. Separate 

analyses of variance Mere carried out for the data of these 

three measures, as in Experiment 1. Again, a p<.01 level of 

confidence Mas accepted as significant.

Results

Absolute error. The main effect of Length Mas signi­

ficant <p<.00021 see Appendix F ). Mean AE for short excur-

0
sion tr ia ls  Mas 6.55 and mean AE for long excursion tr ia ls  

Mas 10.03°.

Constant error. Main effects of Position and Length

Mere significant (p<.002, It p<.0001| see Appendix 0) . For

o
Position, mean CE Mas more negative at the medial (-7.34 ) 

than at the lateral (-4.60°) end position. For Length, mean



91

o
CE Mas more negative tor the long <-9.28 ) than tor the 

0
short (-2.63 ) target excursion tr ia ls .

Variable error. There were no signiticant main 

ettects. One 3—way interaction reached s igniticancel Posi­

tion x Arm x Sex <p<.008| see Appendix H). Mean VE Mas

smaller at the lateral than at the medial end position tor 

the right arm ot temales, whereas mean VE Mas smaller at 

the medial than at the lateral end position tor the le tt  

arm ot temales and both arms ot males (see Table 5).

Prior retention in terva l. To assess the t irs t  order 

sequential ettects ot prior retention interval on pertor- 

mance, the data trom short retention interval, long excur­

sion tr ia ls  ot Experiment 1 and Experiment 2 Mere combined 

and a 2 x 2 analysis at variance m s s  pertormed with Arm and 

Prior Retention Interval <PRI) as tactors. Only the long 

excursion tr ia ls  Mere analysed tor PRI because the short 

t r ia ls  Mere not intluenced by temporal uncertainty in ex­

periment 1. There Mere no main ettects. The 2-May interac­

tion, Arm x Prior Retention Interval Mas signiticant (see 

Table 6). For the right arm, mean CE Mas similar tor short 

(—7.21°) and tor long (-7.51°) PRI tr ia ls . For the le tt

arm, mean CE Mas ditterent tor the tMo PRI t r ia l  durations:

mean CE tor short PRI tr ia ls  (—8.42°) Mas more n egative 

than tor long PRI tr ia ls  (—5.15°). \n other Mords, a long 

PRI served to decrease the CE negativity tor the le tt  arm.
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T a b 1e  5

Experiment 2: Means ot Variable 
Error Interaction ot Position x Arm x Sex

Mali Female

Deqn

50

75

Ri qht Let t 

3.85 3.72

3.08 3. 55

Ri qht Lett 

2.87 4.15

3.84 3.83

Table 6

Analysis ot Variance ot Constant Error tor short 
Retention Interval Trials: Arm x Prior Retention Interval

Source
Sum ot 

Squares
Degrees
Freedom

Mean
Squares F

Prob. 
1 -ta i1

Arm 43.30 1 43. 30 .78 n. s.

PRI 294.16 1 294.16 5. 32 n. s.

Arm x PRI 486.01 1 486.01 8. 79 p< . 01

Error: 29866.53 540 55.31
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Discussion of Exptrimant 2

Absolute error. Absolute performance was aiqm ticant- 

ly better for the abort than for the long target excursion 

tr ia la . Since the general trend waa in the direction of 

underahooting (negative ah ift in CE), then a factor known 

to produce a positive ahift ahould have improved perfor­

mance. Short movementa, within a certain range, lead to 

poaitively directed ahifta, whereas long movementa lead to 

negatively directed ahifta (Marteniuk, Shields, & Campbell,

1972). This range effect for length waa not seen in Exper­

iment 1, due perhapa to the fact that the effects of se­

quential ordering of tr ia ls  had a greater influence on le ft  

arm performance in Experiment 1 than Experiment 2 (see be­

low), thus, obacuring the simple AE effect of Length. I t  is 

true that for Experiment 1, Length x Session Type did not 

reach significance at the p<̂ .01 level but examination of 

the means of this interaction was helpful in attempting to 

explain the lack of consistency across the two experiments 

for the main effect of Length (see Table 7). The AE for 

short excursion movements did not d iffe r between the fixed 

and mixed interval conditions, nor between Experiment 1 or 

2. The AE for long excursion movements did not d iffe r from 

AE for short excursion movements in Experiment 1 in the 

mixed interval condition, but was significantly greater 

than for short excursion movements in the fixed interval 

condition. In Experiment 2, AE for long excursion move—
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Tebl•  7

M*in» of Absolut* Error for 
Length x 5«»sion Type Interaction

Experiment 1 Experiment 2

Excur»i on

Short

Long

Fi xed 
Seeei on

6 ■ 68

8.08

Mi xed 
Sesei on

6. 72

6. 92

Fi xed 
Seeei on

6.71

9.37

Mi xed
:*»»i on

6. 39

10. 48
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ments was greater than tor short movements in both the 

■fixed and mixed interval conditions. Therefore, i t  appears 

that decreased error for long excursions in the mixed ses­

sion of Experiment 1 was responsible for the absence of a 

significant main effect for Length.

Since a main effect for Length was found in Experi­

ment 2, Hypothesis 2, concerning a proportionate relation­

ship between replication excursion length and magnitude of 

AE, could be examined. Therefore, scores in this experiment 

were transformed by dividing each AE score by the projected 

replication excursion length of its  respective t r ia l .  A

2-tailed t —test for dependent means was performed comparing 

short and long replication excursion tr ia ls . The means were 

significantly different at the p<̂ .01 level of confidence.

The grand mean for short excursion proportionate scores 

(.32) was significantly larger than the grand mean for long 

excursion proportionate scores (.21). Thus, in this exper­

iment, the magnitude of AE cannot be explained as being 

simply proportionate to excursion length.

Constant error. Two main effects reached s ig n ifi­

cance: Position and Length. The discussion of these factors 

in Experiment 1 holds for Experiment 2. The 5-way interac­

tion found in Experiment 1 was not confirmed in Experiment 

2. I t  is possible that the significant 5—way interaction in 

Experiment 1 was a spurious result which led to the f a i l ­

ure to replicate in Experiment 2. I t  was also considered 

possible that, between experiments, there was a differen-
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Minbtrs, and that this could have affected the results. 

However, this conclusion is unlikely because of the fo l­

lowing: Six of the 24 subjects in Experiment 1 had a s in i­

stral family member. To investigate the possible impact of 

fam ilial s in is tra lity  on the performance asymmetry for CE, 

the analysis of variance was repeated with their data ex­

cluded. Mith a reduced N of 18, The 5—way interaction re­

mained significant (p<.0004), as did its  7^  value (.06).

A second explanation for the absence of a significant 

5-way interaction in Experiment 2 is that i t  resulted from 

the sequential ordering manipulation. According to this  

view, the temporal uncertainty effect on le f t  arm perfor— 

mance seen in Experiment 1, was dependent upon, or 

strengthened by sequential ordering factors. Since, a 5-way 

interaction was not found with involvment of the right arm 

in Experiment 2 to mirror that of the le f t  arm in Experi­

ment 1, the le f t  hemisphere is not responsive to the con­

ditional probability and sequential ordering effects in the 

same way as the right hemisphere.

Variable error. One 3-way interaction, Position x Arm 

x Sex, reached significance (p<.008). For the males, VE 

performance was consistent across positions and arms. The 

males may have used a right hemisphere strategy (spatial 

location), making performance equally re liab le  across the 

two hemifields of space. But for the females, consistency 

was greatest at the most rightward position, equivalent for
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the medial positions, and least at the most tward posi­

tion (see Figure 4). Females may have used a le ft hemi­

sphere strategy (arm positioning) to perform the task and, 

in -fact, le tt  hemisphere performance was most consistent in 

the contralateral hemifield.

Another interpretation is that, for the females, a 

right hemisphere strategy was more effective the more 

leftward the position. When the right hemisphere strategy 

proved less effective, then a le ft  hemisphere strategy was 

used more. The le ft  hemisphere strategy may be more resis­

tant to procedural effects, such as temporal uncertainty or 

sequential ordering (see below) and, therefore, would lead 

to more consistent, though not necessarily more accurate, 

performance. According to this model, the males employ a 

right hemisphere strategy, b ila te ra lly .
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Figure 4. Diagrammatic mapping at mean variable error 

sccores across le tt  and right hemitields ot 

space.
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CHAPTER IV 

GENERAL DISCUSSION

There were three possible outcoma* of the reverse se­

quential ordering paradigm with ragard to the 3-way in ter- 

action: 1) The 3—way intaraction could hava amargad in Ex -

parimant 2 just as in Experiment 1. This would hava indi­

cated that right and le ft  hamisphara ara d iffe ren tia lly  

sensitive to temporal uncertainty and that neither hami-  

sphere is d iffe re n tia lly  affected by sequential ordering.

2) A mirror image 3-way interaction could have resulted in 

Experiment 2. This would have indicated that the two hemi­

spheres are equipotential for temporal uncertainty and se­

quential ordering effects. 3) The 3-way interaction could 

have fa iled  to occur, indicating that the two hemispheres 

are not equipotential for temporal uncertainty effects and, 

further, that the right hemisphere is d iffe ren tia lly  in­

fluenced by sequential ordering. This last possibility was, 

indeed, the outcome. This finding f i ts  the right hemisphere 

arousal model and reflects  a right hemisphere arousal bias 

for males and fmales, though less lateral!zed for females 

than for males.

The fact that the le f t  arm temporal uncertainty e f­

fect was not seen when sequential ordering of tr ia ls  was 

reversed led to the speculation that sequential ordering 

also contributes to temporal uncertainty effects. For this
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raaaon, tr ia ls  war* sorted, across th* two axpariawnts, 

according to PRI and arm. PRI was found to hav* a signi­

ficant * f f *c t  on l * f t ,  but not right, arm parfornanca.

Thus, right h*m iph*r*-l*ft arm parformanca appaars to b* 

aanaitive to s*qu*ntial ordering manipulations, strength- 

*ning th* arousal intarpratation of th* 3—way interaction 

of Expariaant 1. This g*n*ral right h*m isph*r*-l*ft arm 

bias du* to temporal uncertainty and sequential ordering 

also supports th* second int*rpretation of th* significant

3-way interaction for VE (Position x Arm x Sex) in Experi­

ment 2: females used a le ft  hemisphere strategy for right 

hemifi*1 d/arm movements in this lower arousal condition 

(Experiment 2) but shifted to a more right hemisphere- 

dependent strategy in th* higher arousal condition (Exper-  

imamt 1). I f  females had used the le f t  hemisphere for both 

hemifields/arms, then the temporal uncertainty manipulation 

of Experiment 1 would either have had no effect (indicating 

le ft  hemisphere insensitivity to temporal uncertainty ma­

nipulations) or would hav* served to increase the positive 

shift of the le f t  hemisphere/right arm performance more 

than that of the right hemisphere/1 e ft arm performance.

The strength of the arousal model to explain th* 

overall results is that: 1) With a favorable sequential

ordering of tr ia ls , temporal uncertainty predominantly e f­

fected le f t  arm performance. 2) PRI was shown to produce a 

positive sh ift in le f t ,  but not righ t, arm performance.

3) The 3-way interaction of Experiment 1, involving th*
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temporal uncertainty manipulation, lad to the suspicion 

that other axpactancy manipulations such as sequential or­

dering would also ettect le tt  arm parfornanca. This Mas 

born out through examination ot the interaction ot PRI Mith 

pertorming arm. 4) The signiticant 3-May interaction tor VE 

in Experiment 2, but not Experiment 1, can be explained on 

the basis that Experiment 2 retlects a loeer arousal con­

dition, due to an untavorable sequential ordering, than 

does Experiment 1.

Buttery and Bray <1972) contended that the represen­

tation tor spatial a b ilit ie s  in males is b ila te ra ll tor 

temales, un ilateral. Yet, McGlone's (1980) conclusion, 

based on a summary ot a number ot studies, Mas that males 

are more lateralized than temales tor spatial a b ilit ie s .

Can the present results contribute to resolving this dis­

crepancy? Based on the 5-May interaction tor mean CE ot 

Experiment 1, both males and temales showed a right hemi­

sphere arousal ettect on spatial pertormance Mhich Mas 

strongly contralateral tor malesl tor temales, the arousal 

ettect Mas b ilateral and not as strongly displaced to the 

le tt  as that ot males. Since an arousal ettect is believed 

to be involuntary, males are biologically more lateralized  

than temales. Looking at the mean VE interaction ot Exper— 

iment 2, Mherein pertormance m s s  shown not to be unduly 

intluenced by expectancy ettects, i t  appears that males use 

a right hemisphere strategy tor both hemitields/arms. The 

pertormance ot temales is determined by the strategy ot the
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hemisphere contralataral to the hemi f i el d/arm of perfor­

mance. This interaction may have been obscured in Experi­

ment 1 due to an arousal-induced sh ift to right hemisphere 

processing in females. Thus, concerning sex differences in 

spatial a b ilit ie s , Buffery and Gray may be correct as ap­

plied to the strategies employed and NcGlone, for biologi­

cal differences. Of course, without the use of experimental 

procedures to separate the two, spatial performance would 

be based on an interaction of the biological and cognitive 

sex differences in spatial a b ilit ie s .

One unanswered question is why superior le f t  arm per— 

formanee (AE) was seen for the medial position in Experi­

ment 1, but not Experiment 2. In part, this lack of con­

gruence may be due to the sequential ordering of Experiment 

2 which was shown to be unfavorable for the lateralized  

arousal effect. Although i t  is known that changes in both 

CE and VE influence AE, a strong correspondence is not a l­

ways possible and this was true for the present experi­

ments. S t i l l ,  AE performance in the fixed condition showed 

a le ft  arm advantage at the medial position for Experiment 

1 but not Experiment 2. Since, no interval manipulation 

occurred between the fixed conditions of the two experi­

ments, other sequential ordering effects must have been 

implemented. For example, is performance of right and le ft  

arm d iffe re n tia l1y affected by ip s i- versus contra-1ateral 

arm of the previous tr ia l(s )?  This would re flect another 

form of expectancy manipulation, event uncertainty. Perhaps
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future work Mill addrtta this i i tu t .

A stcond question concerns why sew differences in AE 

were not found either in the Nadler (1903) or the present 

study despite the fact that sew differences on a spatial 

task are generally expected. Perhaps, i f  subjects had been 

sorted on the basis of maturational history, group d iffe r ­

ences would have emerged, since maturational rate is known 

to influence spatial a b ilit ie s  (Newcombe, 19821 Waber,

1976, 1977).

A third question concerns identification of the fac­

tors which led to different results concerning le ft  arm 

superior performance between the study of Nadler (1983) and 

the present study. I t  is believed that visual imagery plays 

an important role in performance on arm positioning tasks 

(Colley h  Colley, 1981) and since subjects were not tested 

for visual imagery, there may have been comparatively more 

high imagery subjects in the Nadler study than in the pre­

sent study. But i t  is more like ly  that procedural d iffe r ­

ences between the studies are responsible for the different 

results. Nadler had subjects give a verbal response to in­

dicate the end of the replication movements, while in the 

present study, a nonverbal, c h in lift  response was used. 

Perhaps the verbal response interfered with right arm per­

formance to allow a le f t  arm advantage by default. A small 

study was conducted (N-5) to address this question. The 

main effect for response mode was significant at a .OS 

level of confidence: mean CE was shifted in a negative d i­
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rection in th* nonv*rb*l, a* coapartd to th* v*rbal, re­

sponse condition <p<.03). No la te ra lity  effect emerged, 

however, indicating that th* verbal r*apont* neither primed 

nor interfered d iffe ren tia lly  with le ft  hemisphere-right 

arm performance. Rather, i t  appears that subjects were able 

to simultaneously terminate their arm movements while pre­

paring the verbal response but arm movements were brought 

to completion in advance of preparation of th* chin-1 i f t  

response. Thus, motor interference was greater for both 

arms from chin—l i f t  than from th* verbal response mod*.

Therefore, th* explanation of th* d ifferent results 

between th* the study of Nadler and the present study must 

look toward other variables. One possibility is  that more 

spatial cues were allowed in the Nadler study than in the 

present study. For example, in the Nadler study, subjects 

were allowed to s it  back between tr ia ls  and may have used 

this opportunity to update their extracorporeal spatial 

schema. They may also have received auditory cues about end 

positions from the placement of the metal clamps along th* 

band. These possible sources of information were controlled 

in the present study. Another speculation is that th*

Nadler study was conducted by a male psychology instructor 

on his students. I t  could be that the d ifferent sex of the 

experimenters and/or whether an instructor/student re la ­

tionship existed between experimenter and subject affected 

th* results. Since the present study has offered evidence 

that arousal d iffe re n tia lly  affects right hemisphere-left
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arm performance, these may be relevant variables. Fair- 

weather (1976) has argued cogently that such uncontrolled 

experimental variables can determine the outcome of inves­

tigations into sex differences in spatial a b ilit ie s .

One way to test the amount of involvement of each of 

these possible influences would be to replicate the Nadler 

study in every detail to obtain the le ft  arm advantage.

Then, each variable could be manipulated one by one until 

the le ft  arm advantage disappeared. Many factors may p arti­

cipate to produce a cumulative effect but there is most 

like ly  a hierarchical ranking in terms of the influence 

each variable has. The most important single variable is 

probably whether subjects are allowed to s it back between 

tr ia ls . Even though they cannot see the end position stops, 

complex visual input from the surrounding environment may 

prime visuospatial mechanisms, thereby shifting strategy 

toward greater dependency on a visuospatial mode. Next in 

importance would be auditory cues from the end position 

stops which would also prime visuospatial mechanisms after 

intermodality transfer. Manipulation of retention intervals 

might be next in importance and, f in a lly , the 

experimenter—subject relationship with regard to sex of 

experimenter and whether he is the subject's instructor.

Lastly, there is the question of whether asymmetries 

of performance on kinesthetic arm positioning tasks are due 

to asymmetry of input or of processing/output. The present 

study has shown that at least some of the performance
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asymmetry can ba attributad to atyaaatry of hamispharic 

arousal undarlying procassing/output. I t  has not baan show 

whathar kinasthatic input might also ba asymmatrical. Fur- 

thermora, hamispharic facts hava not baan axaninad 

indapandantly to datarmina tha ra lativa  rola of aach: tha 

hamispharas can influanca parformanca in contralataral 

hamispaca (hamispatial parcaptual f ia ld ) , through tha san- 

sory—motor fia ld  (motor input—output channal), or by d i— 

raction of movamant. Would tha influanca of tamporal un- 

cartainty on tha right hamisphara arousal systam ba 1argar 

for laftward or rightward movamants? Would tha la ft  san- 

sory-motor fia ld  or la f t  hamispatial fia ld  produca a mora 

positiva sh ift in rasponsa to arousal? Tha prasant rasults 

indicata that i t  would ba profitabla to raanalyza and ra- 

intarprat tha rasults of much of tha motor parformanca 

lita ra tu ra , taking into account unintantional arousal 

manipulations. I t  would ba intarasting to datarmina whathar 

this task is sansitiva to subclinical fluctuations in 

arousal laval, such as might occur in tha aarly stagas of 

daprassion or manic apisodas.

Summary

Evidanca was prasantad in tha prasant study to show 

that parformanca in an arm positioning task ra lias  on both 

spatial and kinasthatic matching a b ilit ia s . Tha ra lativa  

contribution of thasa two stFatagias dapands on tha in ta-
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grity  of the kinesthetic system of the performing limb, 

past visual (visuospatial) experience, and task demands.

The results of the present experiment indicate that the sex 

of the subject and expectancy manipulation also contribute 

to the final determination of strategy.

From Sokolov's (1963) work with rare and uncertain 

stimuli, which has been supported by physiological and be­

havioral data, i t  is concluded that arousal is inversely 

related to probability of stimulus occurrence. The physio­

logic, anatomic, and neurochemical evidence reviewed indi­

cates that the receptive arousal system is generally 

right-brain biased and underlies many asymmetries of per­

formance in both normal people and neurological (neglect) 

pat i ents.

In Experiment 1, a design that matched subjects and 

tr ia ls  between temporally certain and uncertain condi­

tions, led to the positive sh ift in CE, resulting from ma­

nipulation of arousal. For males, this performance effect 

was found in the most leftward position: the lateral posi­

tion of the le f t  hemifiel d/arm. For females, the effect was 

bilateral and not shifted leftward, although the le ft  

hemifiel d/arm showed a greater effect than the right hemi- 

f i el d/arm.

The order of tr ia ls  for the le ft  arm of Experiment 1 

became the order of t r ia ls  for the right arm in Experiment

2. The purpose was to test the equipotentiality of the two 

hemispheres for temporal uncertainty and sequential order—
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ing affacts. Tha «b«*nc« of a sigificant affact dua to tha 

•xpactancy manipulations indicatad that tha la ft  hamicphere 

is not sansitiva, as is tha right, to tamporal uncartainty. 

Finding a right hamisphara affact in Ex par 1mant 1, but not 

in Exparimant 2, indicatas that i t  is tha right hamisphara, 

and not tha la f t ,  that is sansitiva to tamporal uncartainty 

and saquantial ordaring affacts.

Furtharmora, undar unfavorabla saquantial ordaring 

conditions wharain tha right hamisphara was not unduly in- 

fluancad by axpactancy (Exparimant 2), malas appaarad to 

usa a right hamisphara stratagy b ila ta ra lly  but famalas 

usad a right hamisphara stratagy for tha la f t  hamifiald/arm 

and a la ft  hamisphara stratagy for tha right hamifiald/arm. 

Undar conditions of incraasad arousal (Exparimant 1), tha 

famala stratagy shifts to, or intaracts with, a b ilataral 

right hamisphara functioning. Thus, malas ara mora la ta r- 

alizad for tha undarlying biological arousal componant of 

right hamisphara spatial a b ilit ia s  but famalas ara mora 

lataralizad in tarms of amploying a right hamisphara stra­

tegy.
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Appendix A 

H«nd>dn»»» Inventory

Name........................................................... Age.. . .  Sex . . . .  Date...............

Were you one of twins, tr ip le ts  at birth or were you single

born?.........................................

Which hand do you use:

1. to write a le tter legibly?.....................

2. to throw a ball to h it a target?.....................

3. to hold a racket in tennis, squash or badminton?...................

4. to hold a match while striking it? .......................

5. to cut with scissors?.....................

6. to guide a thread through the eye of a needle (or to 

guide the needle onto the thread)?.....................

7. at the top of a broom while sweeping?.....................

8. at the top of a shovel when moving sand?.......

9. to deal playing cards?.......

10. to hammer a nail into wood?.....................

11. to hold a toothbrush while cleaning your teeth?.....................

12. to unscrew the lid  of a jar? .....................

I f  you use the right hand for a ll of these actions, 

are there any one-handed actions for which you use the le ft  

hand which are not stated

above?...............................................................................

I f  you use the le ft  hand for a ll of these actions, are 

there any one-handed actions for which you use the right
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hand which ara not stated

abova?...............................................................................

Is your father right-handad or left-handed?.....................

Is your mother right-handad or left-handed?.....................

Do you hava any brothars or si stars? It  so, ara thay

right-handad or la f t—handad?.....................................................................................

I f  you ara righ t—handad, was your writing hand 

switchad from la ft  to right in school?.....................

Invantory 9alaction

Oldfiald (1971) has distinguishad two diffarant ap- 

proachas to datarmina handadnass. Ona is hand prafaranca 

basad on rasponsas to a handadnass quastionaira. Tha othar 

is manual parformanca, basad on actual uni manual manipula­

tions.

Hand prafaranca appaars to ba distributad in a con­

tinuous, rathar than a discrata, mannar (Annatt, 1970) but

i t  is nacassary to idantify individuals who fa l l  along

diffarant ragions of tha continuum, such as tha strongly 

right-handad. Annatt administarad har handadnass invantory 

to 2322 subjacts and usad association analysis to avaluata 

tha twalva handadnass quastions. Six quastions, primary 

quastions, wara highly associatad with a ll othars: writing, 

throwing, striking a match, using a toothbrush, using a 

rackat, and using a hammar. Tha f ir s t  four of thasa itarns 

ware also found to ba primary by Bryden (1977) who did a

factor analysis of quastions from tha Crovitz-Zener and
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Edinburgh Inventories. Five questions of the Annett Inven­

tory, secondary questions, were less strongly correlated: 

using scissors, threading a needle, sweeping, shoveling and 

dealing cards. A terciary question, unscrewing a lid , had 

the lowest association. In agreement with these 'findings, 

McFar1 and and Anderson (1980), performed a factor analysis 

of questions on the Edinburgh Inventory and also found that 

questions such as sweeping and scissors were less stable 

predictors of handedness than primary questions such as 

wr i t i ng.

Annett (1976) compared the hand preference responses

to the results of a test of manual performance, speed of

movement. Consistent righ t—handers were faster with the 

le ft  hand. I t  was interesting that those who answered 

"right" to the primary questions but " le ft"  to the second­

ary questions of sweeping, shoveling or threading, had a 

greater asymmetry of speed toward the right than those who 

answered "right" to a ll questions. For this reason and be­

cause these items were only moderately correlated with 

other handedness questions, Annett (1976) concluded that 

" le ft"  responses to sweeping, shoveling or threading, by 

themselves, do not indicate greater left-hand s k ill and, in

most cases, can be ignored. The question having the highest

sum of associations with the other questions, and there­

fore, the best single criterion for right-handedness is 

hammering. When a single criterion is needed, hammering 

also has another advantage: i t  is less subject to training
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or cultural bias than an item such as writing. I t  is cur­

ious that tha hammer question was deleted from the fin a l, 

shortened version of the Edinburgh Inventory even though 

itern—analysis by Oldfield <1971) and Briggs and Nebes 

<1975) showed this question to be the most consistent sin­

gle predictor of handedness. In the Crovitz-Zener Inventory 

(1962), the hammer question was rephrased "holding nail to 

hammer", thus, making this item a catch question and deny­

ing i t  its  value as a handedness question.

Briggs and Nebes <1975) modified the Annett Inventory 

by including strength of preference similar to the Edin­

burgh Inventory. The aim was to make the inventory more 

sensitive to varying degrees fo handedness within the mid­

dle range. The results of the scoring procedure of Briggs 

and Nebes were s t i l l  strongly correlated with the original 

procedure of Annett <1970). Unfortunately, Briggs and Nebes 

also gave equal weight to the different questions. Equal 

weighting of questions was used by Oldfield in the Edin­

burgh Inventory and critic ized  by MeMeekan and Lishman 

<1975) since some questions are consistently better pre­

dictors than others.

MeMeekan and Lishman (1975) generated retest re lia b i­

l i t ie s  and discussed the advantages of the Annett and 

Edinburgh Inventories. R e liab ility  was no better for one or 

the other, in general. However, the Edinburgh Inventory 

included a measure of strength of preference and 82.7X of 

those surveyed made at least one quantitative change upon
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retesting. Two major advantages o-f tha Annatt Invantory 

amargad. F irs tly , tha quastions of tha Annatt Invantory ara 

ranked according to thair ra la tiva  importance and, second­

ly, tha Annatt Invantory is easier to administer due to its  

simple instructions. So, basad on tha conclusions of 

MeMeekan and Lishman (197S), tha Briggs and Nabas modifi­

cation (1975) of tha Annatt Invantory probably was not an 

improvmant for most purposes.

Raczkowski, Kalat, and Nabas (1974) tasted tha re lia ­

b il i ty  and va lid ity  of a l is t  of handadnass quastions com­

mon to tha Mull, Oldfield and/or Annett Inventories. All of 

Annett’ s (1970) questions ware included in tha group deemed 

most re liab le  after retesting and most valid by comparison 

to performance tasks.

Johnstone, Gal in, and Herron (1979) compared tha two 

approaches using tha twelve items of the Annatt Handadnass 

Invantory and three performance c rite ria : strength, spaed, 

and dexterity. Johnstone at a l . found that diffarant items 

on tha questionaire correlated most strongly with different 

performance tests. The hammer and raquet questions repre­

sented strength! writing, drawing, and dealing cards re la ­

ted more to speed of dexterity.

Handedness may be defined by performance or hand pre­

ference but the hemisphere which predominates for a p arti­

cular task may be determined by factors like  cognitive 

style, regardless of which hemisphere is the most competent 

for a particular task. Johnstone et a l . (1979) have found
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that tha questionaire mathod is mora comprahanmi va than 

individual performance tasks and is mora highly corralatad 

with pradictad handadnass basad on EEG asymmatrias, ra - 

cordad during cognitiva tasks such as a block dasign task 

and oral prasantation of storias from mamory.

Basad on tha abova information, tha simplifiad form of 

tha Annatt Invantory, Ouastionaira 3 (Annatt, 1970) was 

chosan for this study. Ona subjact answered ’both’ to ona 

primary quastion. This was tha only instanca of a ’non­

rig h t’ answar to a primary quastion.

Additionally, quastions ware included about handadnass 

of tha subject’ s nuclear family. There ara soma d if f ic u l­

ties with tha use of subjact report of fam ilial s in istra­

l i ty  in determining handadnass: a) Porac and Coran (1979) 

found that subjects’ reports of parental handadnass under­

represented s in is tra lity  in parents by SOX, b) McManus 

(1979) accrued evidence both by direct tasting and by 

evaluating results of other studies that while direction of 

handadnass may ba inherited, strength of handadnass is not. 

This view is supported by Searleman, Tweedy, and Springer 

(1979) who found fam ilial s in is tra lity  to ba unrelated to 

strength of handadnass. Thus, parental handadnass may not 

ba as important as actual self-reports and/or performance 

in tha determination of handadnass. At any rata, Briggs and 

Nabas (1975) found that family history has no gross affects 

on pattern of hand preference, based on analysis of indi­

vidual items. Therefore, right-handers with fam ilial
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s in is tra lity  ara bahaviorally similar to righ t—handtrs 

without this history, c) ths numbsr of lsft-handad siblings 

raportad is influancad by family sizs. So, a parson with a 

large numbsr of siblings is mors liks ly  to havs a sinistral 

family msmbsr than a psrson with fsw or no siblings (Varnsy 

it Bsnton, 1973) .

Along with McManus (1979) and McRas, Branch, and Mi 1 -  

nsr (1968), this sxpsrimsntsr bscams concsrnsd with ’ forc­

ing ’ as a strong snvironmsntil influsncs on innats dirsc- 

tion of handsdnsss sines p ilo t studiss showsd this phsno- 

msnon in ssvsral intsrviswsd subjscts. Thsrsfors, ons 

qusstion asksd whsthsr writing hand had bssn switchsd in 

school. No ons who rsportsd a forcsd switch of writing hand 

was includsd in this study.
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A p p e n d i x  C

Experiment 1: Analysis of Variance of Absolute Error

Sum of Degrees Mean Tail Pro-
Source Squares Freedom Squares F babi1i ty

Sex (S) 58.89 1 58.89 1. 19 .29
Error 1089.07 22 49.50 --------- —
Type Session (T) 29.99 1 29.99 3. 39 .08
T x S 17. 55 1 17.55 1.98 . 17
Error 194.55 22 8.84 --------- —
Arm (A) 3. 86 1 3.86 . 27 .61
A x S . 14 1 . 14 .01 .92
Error 314.14 22 14.28 --------- —
A x T 10. 32 1 10.32 1.72 .20
A x T x S 3. 24 1 3. 24 .54 . 47
Error 132.17 22 6.01 --------- —
Position (P) .03 1 .03 .00 .97
P x S 80. 26 1 80.26 4. 29 .05
Error 411.30 22 18.70 --------- —
P x T . 55 1 .55 . 19 .67
P x T x s 1.09 1 1.09 . 38 .55
Error 63.69 22 2.89 --------- —
P x A 121.48 1 121.48 23.86 . OOOl*
P x A x s .68 1 .68 . 13 .72
Error 111.99 22 5.09 --------- —
P x A x T .86 1 .86 .31 .58
P x A x T x 8 19.42 1 19.42 7.07 .014
Error 60.48 22 2.75 --------- —
Length (L) 61.94 1 61.94 1.27 .27
L x 8 179.20 1 179.20 3.66 .07
Error 1076.88 22 48.95 --------- —
L x T 34.40 1 34.40 4. 17 .05
L x T x S 18.60 1 18.60 2.26 . 15
Error 181.45 22 8.25 --------- —
L x A 2.45 1 2.45 . 16 .69
L x A x S 2.08 1 2.08 . 14 .72
Error 334.40 22 15.20 --------- —
L x A x T .53 1 .53 .09 . 77
L x A x T x S 13.07 1 13.07 2.22 . 15
Error 129.75 22 5.90 -------- —
L x P 38. 13 1 38. 13 3.25 .09
L x P x 8 16.44 1 16.44 1.40 .25
Error 258.37 22 11.74 --------- —
L x P x T 16.47 1 16.47 2.42 . 13
L x P x T x 8 3.07 1 3.07 .45 .51
Error 149.93 22 6.81 --------- —
L x P x A 2.44 1 2.44 .43 .52
L x P x A x 8 42.60 1 42.60 7.47 .012
Error 125.52 22 5.70 --------- —
L x P x A x T .29 1 .29 .04 .84
L x P x A x T x 8 . 79 1 .79 . 12 .73
Error 143.82 22 6.54 --------- —



A p p e n d i x  D

1 2 0

Exper i ment l: Analysis of Variance of Constant Error

Source
Sum of 
Squares

Degrees
Freedom

Mean
Squares

Tail Pro- 
F babi1i ty

Sex (S) 1430.71 1 1430.71 3.63 .03
Error 3574.47 22 253.39 --------- —
Type Session (T) 48.24 1 48.24 2.07 . 16
T x S 100.32 1 100.32 4.30 .05
Error 513.04 22 23.32 --------- —
Arm (A) 167.33 1 167.53 3.96 . 06
A x 8 3.58 1 3.58 .08 . 77
Error 929.94 22 42.27 --------- —
A x T 5.08 1 5.08 .32 .38
A x T x S 1.30 1 1.30 .08 . 78
Error 350.66 22 15.94 --------- —
Position <P) 1123.90 1 1123.90 33.01 . oooo*
P x S 10.97 1 10.97 .32 .58
Error 750.46 22 34. 11 --------- —
P x T . 13 1 . 13 .02 .90
P x T x S 1.23 1 1.23 . 13 . 70
Error 174.44 22 7.93 --------- —
P x A 8.40 1 8.40 .78 .39
P x A x 8 84.99 1 84.99 7.92 .0101
Error 236.21 22 10.74 --------- —
P x A x T .62 1 .62 .07 .80
P x A x T x S 7.47 1 7.47 .80 .38
Error 206.33 22 9.38 --------- —
Length (L) 2874.32 1 2874.32 36.95 . OOOO*
L x S 42.09 1 42.09 .34 .47
Error 1711.48 22 77.79 --------- —
L x T 131.61 1 131.61 10.26 .004*
L x T x 8 13. 14 1 13. 14 1.02 .32
Error 282.24 22 12.83 --------- —

L x A 6.27 1 6.27 .34 .37
L x A x 8 8.90 1 8.90 .48 .49
Error 404.72 22 18.40 --------- —
L x A x T 1.73 1 1.73 .31 .58
L :i A x T x S 3. 17 1 5. 17 .94 . 34
Error 121.56 22 5.53 --------- —
L x P 193.13 1 193.13 15.30 .0007*
L x P x 8 3.70 1 3.70 .29 .39
Error 277.79 22 12.63 --------- —
L x P x T 3.49 1 3.49 .31 .58
L x P x T x S 22.51 1 22.51 2.02 . 17
Error 244.98 22 11. 14 --------- —
L x P x A 1.48 1 1.48 . 13 .73
L x P x A x 8 2.63 1 2.63 .22 .64
Error 260.22 22 11.83 --------- —
L x P A x T .33 1 .33 .04 .84
L x P x A x T X S 79.63 1 79.63 9.73 .005*
Error 180.09 22 8. 19 --------- —



A p p e n d i x  E
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E x p e r i m e n t  l :  A n a l y s i s  c f  V a r i a n c e  a - f  V a r i a b l e  E r r o r

Sum O'f Degri in Tail Pro-
Source Squares Freedom Squares F babi

Sex (S > 1.43 1 1.48 . 12 .73
Error 264.46 22 12.02 ------- —
Type Session (T) .01 1 .01 .00 .96
T x S 7.62 1 7.62 1.50 .23
Error 112.13 22 5. 10 ------- —
Ar m (A) 1.62 1 1.62 .32 .58
A x 8 .0003 1 .0005 .00 .99
Error 110.60 22 3.03 ------- —
A x T .02 1 .02 .00 .95
A x T x S 2. 10 1 2. 10 .42 .53
Error 110.90 22 5.04 ------- —
Position (P) 1.31 1 1.31 .29 .39
P x S 2.09 1 2.09 .47 .30
Error 97.99 22 4.45 ------- —
P x T 13. 14 1 13. 14 4.96 .04
P x T x s .01 1 .01 . OO .93
Error 58.28 22 2.63 ------- —
P x A .04 1 .04 .01 .92
P x A x s 6.81 1 6.81 1.57 .22
Error 93. 12 22 4.32 ------- —
P x A x T 2.03 1 2.03 .34 .57
P x A x T x S .34 1 .34 .06 .81
Error 130.63 22 5.94 ------- —
Length <L> .21 1 .21 .07 .80
L x S .08 1 .08 .03 .87
Error 68.81 22 3. 13 -------- —
L x T .07 1 .07 .02 .89
L x T x S 1.89 1 1.89 .58 .45
Error 71.92 22 3.27 ------- —
L x A 6.49 1 6.49 2.47 . 13
L x A x S 8. 12 1 8. 12 3. 10 .09
Error 57.73 22 2.62 -------- —
L x A x T .96 1 .96 . 11 . 74
L x A x T x S 20.75 1 20.73 2.47 . 13
Error 184.57 22 8.39 ------- —
L x P .07 1 .07 .02 .89
L x P x 3 3.81 1 3.81 1. 17 .29
Error 71.70 22 3.26 -------- —
L x P x T 2.03 1 2.03 .88 .36
L x P x T x 3 5. 12 1 3. 12 2.22 . 15
Error 50.71 22 2.31 ------- —
L x P x A .33 1 .33 . 12 .73
L x P x A x 8 . 12 1 . 12 .03 .87
Error 94.42 22 4.29 -------- —
L x P x A x T 6.71 1 6.71 1.60 .22
L x P x A x T x S 18.33 1 18.35 4.37 .05
Error 92.43 22 4.20 ------- —



A p p e n d i x  F
1 2 2

Maan Constant Error Diffaranca Scoras in Dagraas for 
Session Typa x Arm x Position x Langth x Sax Intaraction

First Ordar Diffaranca:
Short Mi nus Long Excursion Langth

Sas- End Pos. D l f f er -
Sax si on Arm Dagraas Short Long anca
Mala Mi xad R 50 ♦ 3.09 - 4. 26 4- 7. 35
Mai a Mi xad R 75 - 1 .65 - 5. 33 + 3. 68
Mai a Mi xad L 50 4- 3.90 ♦ . 19 4- 3. 71
Mala Mi xad L 75 - 1.06 - 4.68 4- 3.62
Mai a Fi xad R 50 ♦ 4. 72 - 4.62 4- 9. 34
Mai a Fi xad R 75 - .08 - 6.47 + 6.39
Mala Fixad L 50 4- 7.03 - 3. 56 +10.59
Mala Fi xad L 75 ♦ .03 - 4. 35 + 4.38

Faaala Mi xad R 50 - .52 - 4. 64 4- 4. 12
Faaala Mi xad R 75 - 5. 22 - 8.83 + 3.61
Faaala Mi xad L 50 + .92 - 6.01 + 6.93
Faaala Mi xad L 75 - 3.43 - 4.81 4- 1.38
Faaala Fixad R 50 - .45 - 7. 72 + 7.27
Faaala Fixad R 75 - 6.26 - 10.31 ♦ 4.05
Faaala Fixad L 50 - 1.44 - 7.25 4- 5.81
Faaala Fi xad L 75 — 3.81 —9. 13 4- 5. 32

Sacond Ordar Diffaranca:
Lataral (50 daa) Minus 1Madi al (75 dag) End Position

Sass- D iffa r-
Sax si on Arm 50 Dagraas 75 Dagraas anca
Mala Mi xad R + 7. 35 + 3.68 + 3.67
Mai a Mi xad L + 3.71 + 3.62 + .09
Mala Fixad R 4- 9.34 + 6.39 + 2.95
Mai a Fixad L ♦10.59 + 4.38 + 6.21

Faaala Mi xad R + 4. 12 ♦ 3.61 + .51
Faaa1 a Mi xad L ♦ 6.93 + 1.38 + 5.55
Faaala Fixad R 4- 7. 27 + 4.05 + 3.22
Faaala Fi xad L + 5.81 + 5. 32 + .49

Third Ordar Diffaranca: Mixad Minus Fixad 
Ratantion Intarval Sassion

D iffa r-
Sax Arm Mi xad Fixad anca
Mala R + 3.67 ♦ 2.95 + .72
Mala L + .09 + 6.21 -  6. 12

ama 1 a R + .51 ♦ 3.22 -  2.71
'amal a L ♦ 5.55 + .49 + 5.06

Fourth Ordar Diffaranca: Right Minus Laft Arm
Diffar

Sax Right Laft anca
Mala + .72 -  6. 12 + 6.84

amal a -  2.71 + 5.06 -  8.77
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Appendix 6

Mtin Constant Error Difference Scorn in Dagraas for 
Sassion Typa x Arm x Position x Langth x Sax Interaction

First Ordar Diffaranca: 
Mixed Minus Fixad Sassion

End Pos. Mi xad Fi xad Differ
Sax 1Langth Arm Dagraas Sassi on Sassi on anca
Mai a Short ~R~ 50 ♦ 3.09 + 4.72 1. 63
Mai a Short R 75 - 1.65 -  .08 - 1.57
Mai a Short L 50 ♦ 3.90 +  7.03 - 3. 13
Mai a Short L 75 - 1 .06 ♦ .03 - 1.09
Mai a Long R 50 - 4. 26 -  4.62 + . 36
Mala Long R 75 - 5. 33 -  6.47 1. 14
Mala Long L 50 . 19 -  3.56 * 3.75
Mala Long L 75 - 4.66 - 4.35 - .33

Faaala Short R 50 - .52 -  .45 - .07
Faaala Short R 75 - 5.22 -  6.26 + 1.04
Faaala Short L 50 .92 -  1.44 2.36
Faaala Short L 75 - 3.43 -  3.81 ♦ . 38
Faaala Long R 50 - 4.64 -  7.72 4- 3.08
Faaala Long R 75 - 8.83 -10.31 ♦ 1.48
Femala Long L 50 - 6.01 -  7.25 1.24
Faaala Long L 75 - 4.81 -  9. 13 + 4. 32
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E x p e r i m e n t  2 :  A n a l y s i s  o-f V a r i a n c e  o t  A b s o l u t e  E r r o r

Sum o-f Degrees Mean Tai 1 P
Source Squares Freedom Bquares F babi 1

Sex (S) 26.89 1 26.89 . 31 .59
Error 1571.57 22 87. 31 --------- —
Type Session <T> 7.08 1 7.08 . 22 .65
T x S 1.67 1 1. 67 .05 .82
Error 588.48 22 32.69 --------- —
Arm (A) 35.07 1 35.07 2.60 . 12
A x S .51 1 .51 .04 .85
Error 242.85 22 13.49 --------- —
A x T .29 1 .29 .06 .81
A x T x S 20. 56 1 20.56 4.22 .05
Error 87.60 22 4.87 --------- —
Position <P) 195.64 1 195.64 4.05 .06
P x S 18.30 1 18.30

0010■ .55
Error 869.06 22 48. 28 --------- —
P x T .01 1 .01 .00 .97
P x T x S 14.31 1 14.31 1.85 . 19
Error 139.17 22 7.73 --------- —
P x A .78 1 .78 . 12 .74
P x A x S .25 1 .23 .04 .85
Error 121.19 22 6.73 --------- —
P x A x T .24 1 .24 .05 .82
P x A x T X S 26.24 1 26.24 5.94 .03
Error 79. 10 22 4.39 --------- —
Length <L) 966.02 1 966.02 21.98 . oo<
L x S 2.66 1 2.66 .06 .81
Error 791.04 22 43.95 --------- —
L x T 30.58 1 30.58 5.04 .04
L x T x S 12.27 1 12.27 2.02 . 17
Error 109.18 22 6.07 --------- —
L x A 20.00 1 20.00 3.02 . io
L x A x S 1. 10 1 1. 10 . 17 .69
Error 119.08 22 6.62 --------- —
L x A x T 2.94 1 2.94 .63 .44
L x A x T X S 7.46 1 7.46 1.59 .22
Error 84.66 22 4.70 -------- —
L x P 51.93 1 31.93 3.69 .07
L x P x 8 .001 1 .001 . OO .99
Error 253.19 22 14.07 -------- —
L x P x T 3.04 1 3.04 .31 .59
L x P x T X S 7.02 1 7.02 .71 .41
Error 178.57 22 9.92 -------- —
L x P x A 14.26 1 14.26 2.84 . 11
L x P x A X s 1. 18 1 1. 18 .23 .63
Error 90.46 22 5.03 -------- —
L x P x A X T 4.29 1 4.29 1. 13 .30
L x P x A X T x 8 9.01 1 9.01 2.38 . 14
Error 68. 18 22 3.79 -------- —
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Experiment 2: Analysis of Variance of Comtant Error

Sum of Degrees Mean Tai1 Pro
Source Squares Freedom Squares F babi1i ty

Sex (S> 244.39 1 244.39 .96 .34
Error 4591.07 22 255.06 --------- —
Type Session (T) 65.48 1 65.48 1.84 . 19
T x S 2.51 1 2.51 .07 . 79
Error 639.99 22 35.56 --------- —
Arm (A) .05 1 .05 .00 .97
A x S 2.81 1 2.81 . 11 .75
Error 48.65 22 26.70 --------- —
A x T 2.96 1 2.96 .28 .60
A x T x S 6. 49 1 6.49 .61 .44
Error 190.56 22 10.59 --------- —
Posi t i  on (P) 1056.15 1 1056.15 13.68 .002*
P x S 24. 79 1 24.79 .32 .58
Error 1389.61 22 77.20 --------- —
P x T 10.67 1 10.67 .75 .40
P x T x S 16.44 1 16.44 1. 16 . 30
Error 255.98 22 14.22 --------- —
P x A 62.63 1 62.63 6.81 .02
P x A x S 4. 23 1 4.23 .46 .51
Error 165.59 22 9.20 --------- —
P x A x T 1.74 1 1.74 .24 .63
P x Ax T X S 29.91 1 29.91 4. 11 .06
Error 130.96 22 7.28 --------- —
Length (L) 3525.51 1 3525.51 41.65 . OOOO*
L x S .67 1 .67 .01 .93
Error 1523.72 22 84.65 --------- —
L x T 2.20 1 2.20 . 19 .67
L x T x S 40.48 1 40.48 3.48 .08
Error 209.49 22 11.64 --------- —
L x A 54.59 1 54.59 6. 20 .02
L x A x S 2. 47 1 2. 47 . 28 . 60
Error 158.51 22 8.81 --------- —
L x A x T . 14 1 . 14 .04 .85
L x A x T X S 19.70 1 19.70 5.01 .04
Error 70. 73 22 3.93 ------- —
L x P 34. 18 1 34. 18 2.05 . 17
L x P x 8 19.42 1 19.42 1. 16 .29
Error 300.23 22 16.68 -------- —
L x P x T 53.29 1 53.29 3.56 .08
L x P x T X S 1.95 1 1.95 . 13 .72
Error 269.43 22 14.97 -------- —
L x P x A .07 1 .07 .01 .92
L x P x A X 8 1.50 1 1.50 .24 .63
Error 114.42 22 6.36 -------- —
L x P x A X T 4.57 1 4.57 .57 .46
L x P x A X T x S .30 1 .30 .04 .85
Error 143.94 22 8.00 -------- —
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E x p a r i m a n t  2 :  A n a l y s i s  o f  V a r i a n c i  o f  V a r i a b l a  E r r o r

Sum of Dagraas Mean Tail Pro
Sourct Square* Eraadom Squaras F babi1i ty

Sax (S) 1. 32 1 1 . 32 . 13 .70
Error 137.81 22 8. 77 --------- —
Typa Samon (T) 1.31 1 1.31 .42 .53
T x S 26. 23 1 26. 23 7.31 .013
Error 64. 38 22 3.39 --------- —
Arm ( A) 12.81 1 12.81 6.08 .02
A x S 4. 27 1 4.27 2.03 . 17
Error 37. 91 22 2. 11 --------- —
A x T 1 . 40 1 1.40 .30 .39
A x T x S . 39 1 . 39 .08 . 78
Error 84. 49 22 4.69 --------- —
Pos11 i on (P) . 43 1 . 43 .07 . 79
P x S 12.49 1 12.49 2.05 . 17
Error 109.64 22 6.09 --------- —
P x T 1.60 1 1.60 .53 .47
P x T x S 3.48 1 3.48 1.20 . 29
Error 32.02 22 2.89 --------- —
P x A 2.43 1 2.43 1.22 .28
P x A x S 18. 16 1 18. 16 9.04 .008*
Error 36. 17 22 2.01 --------- —
P x A x T . 73 1 .73 . 19 .67
P x A x T x 8 4.83 1 4.85 1.23 .28
Error 69.96 22 3.89 --------- —
Langth <L> .00002 1 .00002 . OO .998
L x 8 8. 33 1 8.33 3.36 .08
Error 44.67 22 2.48 --------- —
L x T 3.23 1 5.23 1.47 .24
L x T x S .04 1 .04 .01 .91
Error 64. 16 22 3.36 --------- —
L x A .04 1 .04 .01 .91
L x A x S 3.93 1 3.93 2.05 . 17
Error 52. 16 22 2.90 --------- —
L x A x T 9.82 1 9.82 3.01 . 10
L x A x T x 8 .94 1 .94 .29 .60
Error 38. 73 22 3.26 --------- —
L x P 10.67 1 10.67 3.00 . 10
L x P x 8 2.03 1 2.03 .37 .46
Error 64.08 22 3.36 --------- —
L x P x T 9.68 1 9.68 2.03 . 17
L x P x T x 8 1.72 1 1.72 .36 .53
Error 84.83 22 4.71 --------- —
L x P x A .04 1 .04 .01 .92
L x P x A x 8 . 13 1 . 13 .04 .85
Error 63.32 22 3.33 --------- —
L x P x A x T 4.86 1 4.86 1.73 .20
L x P x A x T x 8 7.03 1 7.05 2.51 . 13
Error 50.34 22 2.81 -------- —
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A p p a n d i x  K

Saxual Pi f f «r«nt i at i on In Tha Cantral Narvous System

Naural Sax Di f farancas Undarlia Dimorphic Raproducti va 

Bahavi or

Basad on saxual dimorphism in tha pattarn of gonado­

tropin ralaasa (Pfaifar, 1936), and in raproductiva 

bahavior (Phoanix, Qoy, Qaral 1 , & Young, 1939), diffarancas 

in tha cantral narvous systam (CNS) hava baan lnfarrad 

(Kally, 1981). Thasa di f f  arancas in tha CNS appaar to ba 

tha outcoma o-f gonadal hormona axposura during a c ritica l 

pariod (cp) of davalopmant (Arnold, 19801 Arnold & Gorski, 

19841 Baum, 1979f Kally, 1981| McEwan, 1901| Wilson,

Qaorga, & G riff an, 1981).

Until racantly, i t  his baliavad that in mammals, tha 

organism would davalop as a famala uni ass a masculina 

coursa was imposad through staroid axposura. Alpha-fato- 

protain, prasant in tha naonata of most vartabrata spacias, 

was baliavad to protact tha fatus from tha mothar's circu­

lating astrogan by binding to i t .  Howavar, Toran-Al1arand 

(1984) has found alpha-fatoprotain intranauronal1y which 

indicatas a madiator and modulator rola of tha protain in 

tha transport of astrogan or othar staroids in tha CNS. 

Tharafora, i t  saams 1 ikal y that faminization, as wall as 

masculinization, is an activa procass raquiring induction 

by staroids.

Ona axplanation for tha CNS organizational affact is
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that naural c iru itry  is structurally altered by perinatal 

hormoni axposura: tha number, siza, or pattern of connec­

t iv ity  of neurons is modified. A second explanation is that 

hormonal sensitivity of the CN9 is sexually dimorphic 

(Breedlove, 1983). Thus, an important correlate to the 

study of CNS sexual differentiation in animal research is 

gonadal hormone manipulation.

Investigation of CNS sex differences in animal re­

search is also aided by re liab le  c rite ria  to identify male 

and female behavior. Copulatory postural adjustments are 

such gender-specific behaviors: their sim ilarity  is much 

stronger Mi thin the sexes and across species than between 

the sexes within species (Kelly, 1981). Thus, mounting is 

typically a marker for masculine neural organization and 

lordosis (or presenting) is typically a marker for feminine 

neural organization.

Three neural systems have been extensively studied.

Each has a we11-documented sexually dimorphic organization 

which can be related to sexually dimorphic behaviors 

(Arnold It Gorski, 1984). One is the vocal control system of 

the songbird. Another is the spinal nucleus of the bulbo- 

cavernosus (SNB). The last is the hypothalamic preoptic a- 

rea (POA) along with other related hypothalamic and limbic

Bird song. The vocal control system in the songbird 

involves several nuclei. The highest neural control o rig i­

nates with the hyperstriatum ventrale, pars caudale (HVc)
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which projects to the nucleus robustus archistrt«t«l is 

(RA) . The RA projects to two lower brain areas, the dorso- 

medial i ntercol 1 i cul ar i s complex (DH/ICo) and the tracheo- 

syringeal portion of the hypoglossal nucleus (nX IIts). The 

nXIIts, which also receives input •from DH/ICo, innnervates 

the vocal organ, the syrinx (Gurney, 1981).

Testosterone is crucial for the development of court­

ship song in the male songbird (Nottebohm Arnold, 1976).

In both canary and zebra finch, sexual dimorphism occurs in 

the neural c ircuitry  which controls song. Adult male cana­

ries and zebra finches acquire a complex repertoire of 

songs by imitating other conspecific males. Female canaries 

w ill sing only i f  treated in adulthood with testosterone 

and this song is much less complex than that of the male. 

Female zebra finches do not sing even with testosterone 

treatment in adulthood (Nottebohm %t Arnold, 1976). However, 

i f  the female zebra finch is treated with a gonadal hormone 

at hatching, plus testosterone in adulthood, the bird w ill

sing (Gurney fc Konishi, 1980).

The HVc, RA and nXIIts are a ll larger in males than in 

females. Also, these dimorphic differences in volume are 

greater in the zebra finch than in the canary, a finding 

consistant with the complete in ab ility  of the normal female 

zebra finch to sing (Nottebohm lc Arnold, 1976).

The HVc and RA, but not the nXIIts, binds more testo­

sterone in the male than in the female. This d ifferentia l 

hormone sensitivity is believed to underlie sex differences
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by 'facilitation  of call growth and synaptogtnaiit in HVc 

and RA (Arnold & S a ltie l, 1979).

Gurney (1981) was able to dissociate developmental 

factors in the RA. Treatment with 5 ,alpha-dihydrotestos- 

terone (DHT) at hatching increased ce ll number in RA whi le 

treatment wi th another androgen, testosterone, altered so- 

m a l size by changing small diameter cells to large diameter 

cells. Gurney suggests that this la tte r phenomenon is an 

induction process: the neurons assume either a male state 

(large) or a female state (small).

The spinal nucleus of the bulbocavernosus. The SNB i s 

a nucleus which is located in the ventral horn of the f if th  

and sixth lumbar segments of the spinal cord in the rat.

The SNB exists in the neonatal rat of both sexes but only 

in the male adult. In the male adult, SNB neurons innervate 

the penile muscles, levator ani and bulbocavernosus, and 

they readily take up androgen but not estrogen (Breedlove fc 

Arnold, 1983b). Arnold and Gorski (1984) were able to dis­

sociate development of number and size of SNB neurons just 

as Gurney (1981) has done in the RA of the songbird. The 

number of SNB cells was increased most by testosterone 

treatment and the cp for neuronal number ended on the sixth 

postnatal dayl the size of SNB neurons was most increased 

by DHT and its  cp continued past postnatal day eleven. 

Therefore, regulatory controls on cell size and number in 

the SNB are independent. Mitotic division in SNB is com­

pleted by gestational day fourteen. Yet, testosterone
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treatment on gestational day sixteen increases cell number 

in female neonates (Breedlove & Arnold, 1983a), indicating 

that, in the normal female ra t, SNB cell death may occur 

due to the absence of testosterone. Alternatively, the SNB 

neurons may make connections to sites which change their 

morphology and position, since the penile muscle complex i s  

atrophied in the female and cannot receive the SNB axons.

Preoptic area. The hypothalamic POA, which contains 

several nuclei and diffusely organized cells , comprises the 

most rostral portion of the third ventrical periventricular 

gray (Carpenter, 1978). The POA is involved in the regula­

tion of masculine behavior, feminine behavior and gonado­

tropin release (Nordeen fc Yahr, 1983).

The neuropil of POA is one s ite  in which anatomical 

sex differences have been found. Raisman and Field (1971) 

eliminated limbic amygdalar projections to POA in the rat 

by sectioning the s tria  terminal is. Degeneration of the a- 

mygdalar input allowed greater v is ib ility  of the non-amyg- 

dalar contacts in the s tria l input area of POA. In the 

male, almost a ll non-amygdalar afferents made synaptic 

contact d irectly  onto dendritic shafts! in the female, a 

large proportion of contacts were made onto dendritic 

spines. Regardless of the genetic sex of the ra t, perinatal 

exposure to testosterone produced a s tria l POA with few 

axospinous synapses! eliminating testosterone during the cp 

would allow the female pattern of axospinous synapses to 

develop (Raisman, 1974). Since amygdalar stimulation is
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believed to trigger onsat of pubarty and ovulation in tha 

female rat (Critchlow it Bar-Sal a, 1967), Raisman and Field 

(1971) baliava that tha axodandritic varsus axospinous 

contacts raprasant tha tonic (mala) varsus cyclic (female) 

pattarn of gonadotropin ralaasa.

Graanough, Cartar, Staarman, & DeVoogd (1977) found in 

tha POA of tha hamstar that dandritic dansitias wara con- 

cantratad vantrally in tha mala, while in tha famala, hea- 

viar concantrations occurrad dorsolataral, vantral and ra­

dial to tha araa of mala concentration.

Toran—Al1arand (1976) axposad in v itro  brain slices of 

neonatal mouse to estradiol. Steroid—sansitiva neurons of 

tha hypothalamic POA proliferated with outgrowths of neu- 

rita s . Thus, tha POA neuropil is d iffe ren tia lly  affected by 

sax staroids avan in tha absence of extrinsic neuronal 

connections.

Gorski, Gordon, Shryna, fc Southern (1978) found a sexu­

al dimorphism in cell volume within tha medial praoptic 

nucleus of POA in tha ra t. Both tha absolute nuclear volume 

and nuclear volume relative  to whole brain weight ware 

greater for malas than for famalas. This sexually dimorphic 

nucleus of tha POA (SDN-POA) was dependant upon perinatal 

exposure to gonadal hormones, but was independent of hor­

monal exposure in adulthood. Although neonatally gonadec- 

tomized males and neonatally androgenized females both had 

larger SDN-POA than control females, the male group had the 

largest SDN-POA. Therefore, the cp for sexual d iffe ren tia -
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tion of the SDN-POA «pptars to begin prtnatal ly. Jacobson, 

Shryne, Shapiro, and Gorski (1980) found that tha mala SDN- 

POA grew in voluma ovar tha f irs t  tan postnatal days but in 

tha famal a, SDN-POA bagan to shrink. Also, tha develop- 

mant of tha SDN-POA in tha faaala bagan and andad aarliar 

with a smallar postarior arra than in tha mala (Jacobson & 

Gorsk i , 1981).

Swaab and Fliars (198S) axaminad 13 mala and 18 fa- 

mala brains of humans batwaan 10 and 93 yaars of aga. Tha 

SDN-POA could ba distinguishad from POA by darkar staining,

1argar call bodias and highar call dansity. Total call 

numbar, SDN-POA voluma and cross—sactional araa wara sig­

n ificantly  largar in malas than in famalas. In tha adult 

ra t, sax hormone treatment does not a ltar SDN-POA size 

(Arnold It Gorski, 1984) and this appears to ba true also 

for humansl ona female had bean virulizad by an adrenal 

cortical tumor yat her SDN-POA was of normal female size.

No possible la te ra lity  differences wara axaminad and tha 

function of tha SDN-POA is, as yat, unknown.

Sax differences in steroid receptor binding have bean 

found in POA. Using brains of intact adult rabbit, ra t, 

mouse, and even fatal human, Naftolin, Ryan, Davis, Raddy, 

Florer, Petro, Huhn, White, Takaoka, Si Wolin (197S) exposed 

in vi tro tissue slices to the androgen, androstenodiona. 

Aromatizatlon of androstenadiona into the estrogen, 

estrone, was twice as great in male, than in female hypo­

thalamus. This sex difference in aromatization of hypotha-
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1 anus mas mown to be the result of a very strongly d if ­

feren tia ted  POA and anterior hypothalanusl the other hy­

pothalamic areas did not contribute appreciably to the e f­

fect.

The POA involvement in three separate reproductive 

functions of the rat may be paralleled by three separate 

populations of POA neurons since estrogen induces lordosis 

and cyclic ity  of gonadotropin release in the female but 

mounting in the male. Nordeen and Yahr (1983) examined the 

temporal aspects of estrogen binding in gonadectomized rats 

in an attempt to separate the populations. A sex difference 

was found in the post—lnjection time course for binding 

estrogen) male rats bound more estrogen at 30 min post­

injection while at 60 min post-injection the opposite mas 

true. The estrogen-sensitive POA neurons involved in mas- 

culinization appear to have a briefer time course for 

binding estrogen than those involved in feminine behavior 

and gonadotropin cy lic ity .

Fischette, Biegon, and McEwen (1983) found that the 

rate of serotonin (3HT) binding is greater in male POA than 

in female POA of gonadectomized rats. However, estrogen 

treatment produced an increase in female, but not male, 

lateral POA binding of 5HT so that female binding was 

greater.

Other areas related to POA by their involvement in 

gonadotropin release, onset of puberty, or sexual activ ity , 

are also found to show sex differences. These include the
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hypothalamic ventromedial nucleus (Rainbow, Parsons, Sc 

MeEwen, 1982) and arcuate nucleus (Arai It Matsumoto, 19781 

MacLusky, Chaptal , Sc McEwen, 19791 Matsumoto & Arai , 1980),

the p itu itary (Whalen It Massicci, 1975), the amygdala 

(Naftolin et al . , 1975), and mesencephalic central gray

(Sakuma It P faff, 1981).

The purpose of the in it ia l investigations of CN8 sen 

differences was to relate neural structures to reproductive 

functions. I t  was confirmed that CNS sex differences do 

occur in the size of neural structures, cell size and num­

ber, synaptology, electrophysiology, steroid hormone bind­

ing, neurotransmitter binding, and even in whether a 

structure is present or absent. Most recent have been the 

discoveries of sex-related asymmetries in the neural con­

trol of gonadal function. In intact female rats, lu te in iz­

ing hormone releasing hormone (LHRH) content is higher on 

the right side of the mediobasal hypothalamus (MBH) (Ger- 

endai, Rotztejn, Marchetti, K or don, Sc Bcapagnini, 1978). A 

unilateral ovariectomy increases LHRH in ipsila tera l MBH. 

Bilateral ovarectomy produces a decrease in LHRH of MBH but 

only in the right half (Wheaton S< McCann, 1976). Intact 

adult male rats have a symmetrical LHRH distribution in MBH 

(Mizunuma, DePalatis, Sc McCann, 1983), yet, a functional 

asymmetry may exist because only the combined right hemi-  

orchidectomy-right hypothalamic deafferentation would block 

the hemiorchidectomy-induced fo llic le  stimulating hormone.

In females, the compensatory hypertrophy of the remaining
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ovary after a unilateral ovarectomy, regardless of the 

side, is prevented by a right, but not a le f t ,  lesion to 

locus coeruleus (Qerendai, 1984). HoMever, sex-related

neural asymmetries are not limited to gonadal function.

This work points the way for exploration of CN8 sex d if ­

ferences in sexually dimorphic non—reproductive functions, 

which, sim ilarly, are emerging in a variety of ways.

Neural Sex Pi fferences Underlie Dimorphic Non—reproduct i ve 

Behavi or

Sexual dimorphism or variation in behaviors not in­

volved directly in reproduction are typified by asymmetri­

cal cognitive functions (HcGlone, 1980). One cognitive 

function is spatial a b ility , including exploratory behavior 

(Denenberg, 1984), which requires the participation of the 

hippocampus (O’Keefe It Nadel , 1978) | the corpus striatum

(Potegal, 1972)| and the cerebral cortex (DeRenzi, 1979).

Since the brain of the rodent is similar to the human 

brain in that spatial functions show a male superiority 

(Beatty, 1979) and a right hemisphere dominance (Denenberg, 

1984)* , the rodent has been a useful model to examine sex­

ual variation in spatial structure-function relationships

1
Benton (1979) would add the word 'simple' to spatial func­
tions which are lateralized to the right hemisphere, such 
as the a b ility  to appreciate the directional orientation 
of lines. Along with an increase in spatial task complex­
ity , in humans, such as in spatial organizational con­
structive tasks, le ft  hemisphere involveaient increases.
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(Beatty, 1980).

The hippocampus is spacializad <or spatial mapping 

(O’Keefe Sc Nadal , 1978). In support of tha suparior mala

spatial performance, Diamond, Murphy, Akiyama, and Johnson 

(1982) found that rat hippocampi of malas ara 1argar on tha 

l i f t .  Also, i f  Schaffar collatarals of i_n vi tro hippocampal 

slicas ara stimulatad, astradiol fa c ilita ta s  spike dis­

charges in the mala, but not in tha female (Teyler, Var­

dans, L i m I s , Sc Rawitch, 1980).

Sax steroids ara baliavad to affect synaptoganasis in 

tha hippocampus, as wall. If  septal projections to tha 

hippocampus ara lesioned, a typical sprouting response of 

sympathetic axons into the area occurs. For mature rats, 

but not for neonatal rats, this sprouting is more limited 

in tha mala (Loy Sc Milner, 19801 Milner Sc Loy, 1982). Neo­

natal castration of mala rats produces a female sprouting 

response while testosterone treatment of tha neonatal fe­

male or castrated male restric ts  the growth. The s ite  of 

testosterone action is believed to be either the presy- 

naptic neurons of the septum of hippocampus, both of which 

have estrogen and testosterone receptors.

The corpus striatum of the rat is involved in rego­

centric localization’ (Potegal, 1972) and directional bias

(Hyde Sc Jerussi, 1983). Female rats rotate more than male

rats (Qlick, Schonfeld, Sc Strumpf, 1980), due apparently to 

a functional difference of the presynaptic dopmaine recep­

tors of striatum.
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The cerebral cortex is necessary tor the a b ility  to 

imagine space! spatial exploration, spatial perception, 

spatial memory and elaboration of spatial information are 

all dependent on cortex and are asymmetrical1y represented 

(DeRenzi, 1979).

Diamond (1984) and Diamond, Dowling, V Johnson (1981) 

examined lateral differences in surface thickness of cortex 

in the ra t. Intact female rats showed few* lateral asymme­

tries  and only one area, area 39, Mas larger on the right. 

But, this was a temporary developmental asymmetry. Male 

rats, on the other hand, showed right dominant asymmetry in 

almost a ll areas tested. The occipital cortex was larger on 

the right in the intact male, the gonadectomized male or 

female, and in older female rats which have reduced ovarian 

hormones, but not in intact young adult females (Diamond, 

1984). Cortical areas 2 and 3 were thicker on the right in 

intact males but thicker on the le ft  in intact females and 

orchidectomI zed males. The absence of estrogen seems to be 

necessary for right dominant asymmetry to develop. In ad­

dition, this asymmetry is heightened by raising the male 

rat in an enriched environment (Diamond, 1976).

In part, this estogen effect may occur by differen­

t ia l fa c ilita tio n  of maturation in the two hemispheres.

Curry and Heim (1966) found that neonatal estrogen trea t­

ment in the rat fa c ilita te s  myelination of sensory-motor 

cortex. Gregory (1975) examined the layer 5 pyramidal cells  

in somatosensory cortex of the rat and discovered that be­
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tween 25 and 35 postnatal days, male cell somas were la r ­

ger. Since the developing neuron accumulates water, in­

creasing its  volume, Gregory interpreted this difference in 

somal size to indicate that male, but not female, pyramidal 

cells are s t i l l  developing during this postnatal period.

The general conclusion is that both cortex (Ross & 

Glick, 1981) and hippocampus (Diamond et a l .,  1982) modu­

late striatal-induced directional bias and both structures 

are usually thicker on the right in males and thicker on 

the le ft  in females. That cortical, but not hippocampal, 

thickness is altered by neonatal gonadal hormones and en­

vironment, reflects the phylogenetic age of these struc­

tures! the more recently evolved cortex is more responsive 

to the environmental mileiu.

A final consideration is the need to distinguish be­

tween asymmetry of general arousal and asymmetry due to 

specialized functions. These asymmetrical anatomical sites 

which participate in spatial a b ilit ie s  also have a direct 

role in arousal. Research with humans (See text) has been 

most successful in addressing this issue.

Non—reproductive sexually dimorphic asymmetry of 

function. That individuals d iffe r in magnitude and direc­

tion of arousal/activation asymmetries is supported by in­

vestigation of side preferences in animals. In rodents, 

directional bias in activation and its  magnitude can be 

measured by nocturnal locomotor rotation (Zimmerberg,

Glick, fc Jerussi, 1974) J arousal-induced rotation (Glick,
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19731 Glick Sc J tru iti , 1974) | postural iiyiMittry (Moslo-

bodsky Sc Braum, 1901); strength of paw preference for lever 

pressing under amphetamine (Glick, Jerussi, & Zimmerberg,

1977); or by selection of the right or le ft arm of a T-maze 

(Zimmerberg et a l ., 1974). Activation asymmetry for most

rodents has * stable direction. However, across indiv i­

duals, the direction and its  magnitude d iffe r (Glick, Jar- 

ussi , Sc Zimmerberg, 1977).

The underlying cause of directional bias is a le f t -  

right asymmetry in the nigrostriatal dopamine system (Zim­

merberg et a l . ,  1974) which is c ritic a l for the arousal-

activation system. Therefore, directional bias can be a l­

tered or enhanced by increasing the asymmetry in dopamine 

levels. A unilateral lesion of the nigrostriatal system 

w ill produce ipsiversive turning which is greatest i f  the 

high-dopamine side remains intact (Glick et al . , 1977).

Stimulation of the caudate nucleus produces contraversive 

rotation (Zimmerberg Sc Glick, 1967). Arousal-inducing 

agents, such as amphetamine, ta il shocks or a ir puffs, in 

gi/neral, increase activation and lead to rotation contra­

lateral to the side with the higher dopamine level. This 

rotation apppears to be an exaggerated, stereotyped form of 

a normal spatial preference.

At f ir s t ,  i t  appeared that the differences in direc­

tion or degree of r ig h t-le ft  bias were randomly d is tr i­

buted across individuals but more recent work suggests a 

complex, but largely determined, pattern (Glick Sc Shapiro,
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1984). Factors which are implicated in directional varia­

tion are the strain of a species (Brass it Glick, 1981; 

Denenberg, Rosen, Hofmann, Gall, Stockier, it Yutzey, 1982); 

sex or perinatal sex hormone exposure (Brass it Glick, 1981; 

Crowley, 0’ Donahue, fc Jacobowitz, 1978); and postnatal 

handling and environment (Denenberg, Garbanati, Sherman, 

Yutzey, St Kaplan, 1978). Higher order interactions have 

been found amongst these variables.

For example, handling, environment and hemisphere in­

teract to influence activ ity  level (Denenberg et a l .,

1978). Since activ ity  level is inversely related to 

strength of side preference (Glick et a l .,  1977), activ ity  

can be used as a measure of amount of directional bias or 

la te ra lity . Male Purdue—Wistar rats were raised either with 

or without handling and with or without an enriched envi­

ronment until day 70. At 165 days of age the rats received 

either a right or a le ft  hemisphere lesion. In the non­

handled animals with or without enrichment, a lesion of 

either hemisphere increased ac tiv ity . This was true as well 

for handled rats with a right hemisphere lesion. But i f  the 

le ft  hemisphere was lesioned (right hemisphere in tact), the 

handled rats with an enrichment history showed inhibited 

activ ity . I t  seems that the right hemisphere is the focus 

for environmental interactions.

The variable of sex (or perinatal sex hormone expo­

sure) was overlooked in earlier studies which examined 

either a ll males (e .g ., Denenberg et a l . ,  1978) or a l1 fe -
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males (e .g ., Glick et a l . ,  1977). But sex differences

abound in the nervous system and in more recent studies 

which match for sex, interesting results have emerged.

Sex differences in directional bias vary across 

strains of rats. For example, newborn male and female Pur- 

due-Wistar rats have a leftward-biased ta il posture (which 

indicates that they should rotate to the le ft)  but the fe­

males are more biased than the males (Denenberg, Rosen, 

Hofmann, Gall, Stockier, Sc Yutzey, 1982). In Spr ague-Dawl ey 

pups, females are right-biased while males are unbiased 

(Ross Sc Glick, 19811 Ross, Glick, Sc Meibach, 1981). Rosen, 

Berrebi, Yutzey, and Denenberg (1983) exposed female Pur- 

due-Wistar pups to male steroids prenatally. I t  was found 

that testosterone shifted ta il  posture away from the strong 

leftward position. Also, Glick and Shapiro (1984) report 

that the sim ilarity  of female offspring to their mothers 

for rotational bias diminishes with increase in number of 

male littermates, indicating, again, the influence of per­

inatal testosterone exposure.

Sex also interacts with strain and exposure to d if ­

ferent dopamine-altering drugs (Brass Sc Glick, 1981). 

Amphetamine, which releases presynaptic dopamine, increases 

rotation much more in females than in males of either 

Sprague-Dawley or Fischer strains. Consistant with this  

finding, in vivo female sex steroids, but not those of the 

male, regulate in v itro  release of dopamine in response to 

amphetamine (Crowley, O’ Donahue, Sc Jacobowitz, 1978). Apo-
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morphine increases rotation more tor male than female 

Sprague-Dawley rats but has no d ifferentia l effect on male 

and female Fischer rats. Apomorphine binds both the D3 

presynaptic dopamine receptor and the D4 postsynaptic do­

pamine receptor. The D3 receptor bound more apomorphine in 

the female than in the male rat and binding was greatest 

ipsi lateral to the side of rotation (Glick l< Shapiro, 1984) 

which could explain why rats tend to rotate in the opposite 

direction after apomorphine or amphetamine administration. 

Since male Sprague-Dawley rats rotate more in response to 

apomorphine than their female counterparts and females of 

both Sprague-Dawley and Fischer strain rotate more in re­

sponse to amphetamine than the males, different mechanisms 

predominate to produce directional bias in the two sexes 

(Brass t» Glick, 1981). The s ite  for sexually differentiated  

responses to dopaminergic agonists appears to be the pre­

synaptic dopamine receptors (Glick It Shapiro, 1984) but 

these vary across strains. For both sexes, the le ft -ro -  

tators have an equivalent amount of apomorphine binding of 

D3 receptors on either side whereas right-rotators have a 

greater binding on the right.

Glick, Hind, and Shapiro (1983) found that cocoaine 

induced greater rotation in female than in male Sprague- 

Dawley rats. However, a sex by directional bias interaction 

was observed under the influence of cocaine. Right—biased 

females rotated more than left-biased females and le f t -  

biased males rotated more than right-biased males. Because
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cortex (Ross & Glick, 1981) and hippocampus (Glick et a l ., 

1980) both modulate the intensity of rotation, and cortpx 

(Diamond, Dowling, & Johnson, 1981) and hippocampus (Dia­

mond, Murphy, Akiyama, & Johnson, 1982) both are thicker on 

the right in males and thicker on the le'ft in females, 

these structures may contain the site(s) of cocain a f f in i-  

ty-

Myslobodsky and Braum (1981) -found an interaction 

amongst sex, directional bias and handling. Prior to ard 

after administration of amphetamine, Wistar rats were 

placed in a rotometer to judge rotational bias. This bias 

could be predicted by ta il  pinch posture in females, in 

castrated and estrogen treated males, but not in untreated, 

sham-operated males unless they had been handled. Unhan­

dled males showed no correlation between the postural 

asymmetry and rotation. Because handling of the normal male 

leads to the same behavioral outcome as found in unhandled 

females or estrogen—treated males, more than one system 

must be involved in modulation of postural adjustments.

Sherman, Garbanati, Rosen, Yutzey, and Denenberg 

(1980) found a cerebral involvement in the sex x 

directional bias x handling interaction. Intact male Pur- 

due-Wistar rats showed no bias i f  unhandled but handled 

rats developed a leftward directional bias. However, i f  the 

nonhandled group received a le ft  hemisphere ablation, a 

stronger ipsilesional rotation resulted than for a right 

hemisphere lesion. A lesion of either hemisphere in the
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handled group produced no significant difference in 

strength of directional bias. Sherman et a l . (1900) con­

clude that in the intact nonhandled males the right hemi­

sphere has a potential for a stronger influence on turning 

than the le ft  hemisphere but that the right is inhibited by 

the le f t .  In other words, in the nonhandled male, the right 

hemisphere induces a leftward directional bias that the 

le ft  hemisphere opposes. In the handled males, the right 

hemisphere is not inhibited and controls spatial preference 

producing a leftward bias.

Glick, Meibach, C o m , and Maayani (1979) looked at 

asymmetrical activation of several structures involved in 

directional bias of female Sprague-Dawley rats by measur­

ing deoxyglucose uptake. Direction of rotation was consis- 

tantly related to asymmetry of midbrain and s tria ta l ac ti­

vity! activ ity  was greater contralateral to side of rota­

tion. Frontal cortex and hippocampus were more active on 

the le ft  and i f  the higher activ ity  was contralateral to 

direction of rotation (rightward bias) then the directional 

bias was stronger than i f  the cortico—hippocampal activ ity  

was higher ipsilateral to bias (leftward bias). Amphetamine 

reversed the cortico—hippocampal asymmetry and increas ed 

stria ta l activ ity  contralateral to the rotational bias. 

Although thalamic and hypothalamic activ ity  were not pre­

dictive of direction of rotation, their absolute asymme­

tries  in activ ity  were positively correlated with the mag­

nitude of rotation. Glick et a l . (1979) conclude that d if ­



1 46

ferent functional aiymmatrias exist, a cortico-hippocanpal 

le ft-r ig h t asymmetry, a midbrain-striatal directional 

asymmetry, and tha1amo—hypothalamic asymmetry.

Many of the above studies (Denenberg et al . , 1 9 7 8 J

Myslobodsky & Braum, 1 9 9 1 J Sherman et a l ., 1 9 8 0 1  Glick et

a l.,  1 9 7 9 )  support the view that the cerebral cortex, and

in particular, the frontal lobes modulate s tria ta l ac tiv i­

ty. Other evidence adds weight to this argument. Contrala­

teral neglect and ipsiversive turning result froa a unila­

teral lesion to the dopaminergic s tria ta l system in cats 

(Frigyesi, Ige, Iulo, & Schwartz, 1 9 7 1 )  and rats (Marshall 

it Teitelbaum, 1 9 7 7 ) .  Bianchi ( 1 8 9 3 )  discovered in monkeys 

and dogs that a unilateral lesion to frontal granular cor­

tex resulted in ipsiversive rotation and contralateral ne­

glect syndrome, signs common to a unilateral lesion of the 

nigrostriatal system. Also, monkeys with neglect due to 

frontal arcuate lesions rotated toward the side of lesion 

with apomorphine (Valenstein, Van Den Abell, Tankle, Si 

Heilman, 1 9 8 0 ) .

There are two major differences between arousal/acti-  

vat ion asymmetry of the rat and human. F irs tly , women are 

less lateralized than men, as a general rule (see tex t), 

but for rats, females appear more lateralized than males. 

These may be real differences. However, the enrichment 

studies have shown that the male asymmetry is altered by 

stimulation so that male and female asymmetry are compara­

ble (Myslobodsky & Braum, 1 9 8 1 )  Sherman et a l . ,  1 9 8 0 ) .  If
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tha normal housing for a laboratory rat is raally  a da- 

privad *nviron»*nt, than normal la ta ra lity  has yat to ba 

studiad in tha mala rodant. Parhaps futura axpanmants 

(with fia ld  rats'7) w ill rasolva tha discrapancias batwaan 

human and rodant 1atara lity  rasaarch or datarmina i f  tha 

diffarancas ara ganuina.

Sacondly, in humans with non-anomolous dominanca, tha 

arousal and activation systams opposa aach othar in thair 

asymmatry: tha la ft  hamisphara amphasis is on activation

and tha right hamisphara, on arousal. Soma sorting of thasa 

systams is apparant in rodants sinca Glick at a l . (1979)

found undarlying anatomical arousal/activation asymmatrias 

for tha cortico-hippocampal and midbrain-striatal systams. 

Howavar, tha dissociation of arousal and activation asyn- 

matrias in tha rodant is not as apparant as in tha human.



146

Rafaranca Not a*

1. Sutton, S. Lattar to Julian Silvarman. July 26, 1968.

2. Naatanan, R. Brain machanism* of attantion-twitching
to unattandad stimuli. Colloquium, Quaans Collaga 
March 10, 1986.



149

Ref *r*ncM

Adams, J ., 81 D ijkstra, S. (1966). Short-tarm memory for 
motor responses. Journal of Experimental Psychology,
71, 314-318.

Adams, J ., Marshal 1, P., & Goetz, E. (1972). Response feed­
back and short-term motor retention. Journal of Experi­
mental Psychology, 92, 92-95.

Alegria, J. (1975). Sequential effects of foreperiod dura­
tion: Some strategical factors in tasks involving time 
uncertainty. In P. Rabbitt Si S. Dornic (Eds.), Attention 
and perfomance! Vol. 5 (pp. 1-10). London: Academic 
Press.

Annett, M. (1970). A c1assification of hand preference by 
association analysis. British Journal of Psychology,
61, 303-321. ~

Annett, M. (1976). A coordination of hand preference and 
s k ill replicated. British Journal of Psychology, 67, 
587-592.

Arai , Y. , Si Matsumoto, A. (1978). Synapse for mation of the 
hypothalamic arcuate nucleus during postnatal develop­
ment in the female rat and its  modification by neonatal 
estrogen treatment. Psychoneuroendocrinology, Z, 31-45.

Arnold, A. (1980). Sexual differences in the brain. Amerj- 
can Scientist, 6 8 , 165-173.

Arnold, A., Si Qorski , R. (1984). Gonadal steroid induction 
of structural sex differences in the central nervous 
system. Annual Review of Neuroscience, 7, 413-442.

Arnold, A., Si S a ltie l, A. (1979). Sexual difference in
pattern of hormone accumulation in the brain of a song 
bird. Sci ence. 205, 702-705.

Attneave, F. , Si Benson, L. (1969). Spatial coding and tac­
tual stimulation. Journal of Experimental Psychology.
81, 216-222.

Baum, M. (1979). D ifferentiation of coital behavior in 
mammals: A comparative analysis. Neuroscience Si Bio-  
behavioral Reviews. _3, 265-284.

Beatty, W. (1979). Gonadal hormones and sex differences in 
non-reproductive behaviors: Organizational and activa- 
tional inluences. Hormones Si Behavior, 12, 112-to3.



1 5 0

Beatty, W. (1980). Sex d if(*r*nc*» in brain atymMtry: Ara 
there rodant models'7 Behavioral & Brain Sciences, 3,
228. ~

Benton, A. (1979). Visuoparcaptiva, visuospatial, and
visuoconstructiva disorders. In K. Heilman & E. Valen- 
stain (Eds.), Clinical Neuropsychology (pp. 186-232).
New York: Oxford University press.

Bianchi, L. (1895). Tha -functions of tha frontal lobes. 
Brain, 1J, 497-522.

Bisiach, E ., It Luzzatti, C. (1978). Unilateral neglect of 
raprasantational space. Cortex, 14, 129-133.

Blick, K ., & Bilodeau, E. (1963). Interpolated activ ity  and 
the learning of a simple s k il l .  Journal of Experimental 
Psychology, 65, 515-519.

Bowers, D., It Heilman, K. (1980). Pseudoneglect: Effects of 
hemispace on a ta c tile  line bisection task. Neuropsy- 
choloqi a, IB, 491-498.

Bowers, D., Heilman, K., It Van Den Abell, T. (1981). Hemi -  
space-VHF compati bal i ty. Neuropsychol oqi a, 1_9, 757-765.

Bradshaw, J . , & Nettleton, N. (1983). Human cerebral asym­
metry . Englewood C liffs , New Jersey: Prentice—Hal 1 .

Brain, W. (1941). Visual disorientation with special re fer­
ence to lesions of the right cerebral hemisphere. Brain, 
64, 224-272.

Brass, C. , It Glick, S. (1981). Sex differences in drug-
induced rotation in two strains of rats. Brain Research, 
223, 229-234.

Breedlove, S. (1983). Regional sex differences in steroid 
accumulation in the nervous system. Trends in Neuro-  
sciences, 6, 403-406.

Breedlove, S., It Arnold, A. (1983a). Hormonal control of a 
developing neuronuscular system. I I .  Sensitive periods 
for the androgen-induced masculinization of the rat 
spinal nucleus of the bulbocavernosus. Journal of Neuro- 
sci ence, 3, 424-432.

Breedlove, S., It Arnold, A. (1983b). Sex differences in the 
pattern of steroid accumulation by motoneurons of the 
rat lumber spinal cord. Journal of Comparative Neuro­
logy, 215, 211-216.

Briggs, G. , It Nebes, R. (1975). Patterns of hand preference



151

in a student population. Cortex, 11, 230—238.

Bryden, M. (1977). Measuring handedness with questionaires. 
Neuropsychologi a, 15, 617—624.

Bryden, M. (1979). Evidence -for sex-related ditterences in 
cerebral organization. In M. Wlttig St A. Petersen 
(Eda.), Sex-related difference* in cogn itive  function- 
i ng (pp. 12 l-143). New York: Academic Brass.

Buffary, A., St Gray, J. (1972). Sax diffarancas in tha de­
velopment of spatial and linguistic s k ills . In C. Oun- 
stad St 0. Taylor (Eds.), Oandar diffarancas, thair on - 
togany and significanca (pp. 123—158). Edi nburgh:
Churchill Livingstona.

Buttars, N ., Soaldnar, C ., & Fadio, P. (1972). Comparison 
of pariatal and frontal loba spatial dafic its  in man: 
Extraparsonal vs parsonal (agocantric) spaca. Perceptual 
8. Motor Ski 1 Is , 34, 27-34.

Caplan, P., MacPharson, G. , St Tobin, P. (1985). Do *ex-re— 
latad diffarancas in spatial a b ilit ia s  axist? A multi- 
laval critique with naw data. American Psychologist,
40, 786-799.

Carey, S., Sc Diamond, R. (1980). Maturational determina­
tion of tha devalopmental course of face encoding. In 
D. Caplan (Ed.), Biological studies of mental processes 
(pp. 60—93). Cambridge, MA: MIT Press.

Carman, A., Harishanu, Y. , Lowingar, D., St Lavy, S. (1972). 
Asymmetries in hemispheric blood volume and cerebral 

dominance. Behavioral Biology, 7, 853-859.

Carpenter, M. (1978). Core text of neuroanatomy (2nd ad.). 
New York: Williams St Wilkins.

Christina, W. (1967). The side arm positional test of
kinesthetic sense. Research Quarterly, 38, 1977-1983.

Cohen, J. S tatistical power analysis for the behavioral 
sciences! New Yorit: Academic Press, 1969.

Colley, A., Sc Colley, M. (1981). Reproduction of end-1 o- 
cation and distance of movement in early and late 
blinded subjects. Journal of Motor Behavior, 13, 102- 
109.

Craske, B. , St Crawshaw, M. (1975). Shifts in kinesthesia 
through time and passive movements. Perceptual St Motor 
s k ills . 40, 755-761.



1 52

Cri tchl o n ,  V. , Sc Bar-Sela, M. (1967). Control of the ontat 
of puberty. In L. Martini Sc W. Ganong (Eds.), Nauroando- 
crinoloqy; Vol. 2 (pp. 101-162). Maw York: Academic 
Press.

Crovitz, H ., & Zener, K. (1962). A group test for assessing 
hand and eye dominance. American Journal of Psychology, 
75, 271-276.

Crowley, M., 0’ Donahue, T ., Sc Jacobowitz, D. (1978). Sex 
differences in catecholamine content in discrete brain 
nuclei of the rat: Effects of neonatal castration or 
testotsterone treatment. Acta Endocrinoloqie, 89, 20-28.

Curry, J ., Sc Heim, L. (1966). Brain myelination after neo­
natal administrati on of oestradiol. Nature, 209, 915- 
916.

Denenberg, V. (1984). Behavioral asymmetry. In N. Gesch- 
wind Sc A. Galaburda (Eds.), Cerebral dominance: The 
biological foundations (pp. 114-133). Cambridge: Harvard 
University Press.

Denenberg V., Garbanati, J. , Sherman, G. , Yutzey, D. , Sc 
Kaplan, R. (1978). In fan tile  stimulation induces brain 
lateralization in rats. Science, 201, 1150-1152.

Denenberg, V. , Rosen, S., Hofmann, M., Gall, J ., Stockier, 
J ., Sc Yutzey, D. (1982). Neonatal postural asymmetry and 
sex differences in the ra t. Developmental Brain Re­
search. 2,  417-419.

Denny-Brown, D .  ,  Sc Banker, B. ( 1 9 5 4 ) .  Amorphosynthesi s f r o m  
le ft  parietal lesions. Archives of Neurology Sc Psychia­
try, 7 1 ,  3 0 2 - 3 1 3 .

Denny-Brown, D. , Meyer, J ., Sc Horenstein, S. (1952). The 
significance of perceptual riva lry  resulting from 
parietal lesions. Brain, 75, 433—471.

DeRenzi, E. (1979). Hemispheric asymmetry as evidenced by 
spatial disorders. In M. Kinsbourne (Ed.), Asymmetrical 
function of the brain (pp. 49-85). Cambridge: Cambridge 
University Press.

Diamond, M. (1976). Anatomical brain changes induced by 
environment. In L. Petrinovich Sc J. McGaugh (Eds.), 
Knowing, thinking and believing (pp. 215-241). New York: 
Plenum Press.

Diamond, M. (1984). Age, sex, and environmental influences. 
In N. Geschwind Sc A. Galaburda (Eds.), Cerebral domi­
nance: The biological foundations (pp. 134-146). Cam­



153

bridge: Harvard University Press.

Diamond, M. , Dowling, G., & Johnson, R. (1981). Morphologic 
cerebral cortical asymmetry in male and female rats. 
Experimental Neurology, 71, 261-268.

Diamond, M. , Murphy, G. , Akiyama, K. , It Johnson, R. (1982). 
Morphologic hippocampal asymmetry in male and female 
rats. Experimental Neurology, 76, 553-566.

Diamond, R. , Carey, S., St Back, K. (1983). Genetic in flu ­
ences on the development of spatial sk ills  during ear 1y 
adolescence. Coqni tion , 13, 167-185.

Diewert, G. St Stelmach, G. (1978). Perceptual organization 
in motor learning. In G. Stelmach (Ed.), Informat i on 
processing in motor control and learning (pp. 241-265). 
New York: Academic Press.

Dodds, A., St Carter, D. (1983). Memory for movement in
blind children: The role of previous visual experience. 
Journal of Motor Behavior, 15. 343—352.

Drazin, D. (1961). Effects of foreperiod, foreperiod vari­
a b ility , and probability of stimulus occurrence on sim­
ple reaction time. Journal of Experimental Psychology, 
62, 43-50.

Duncan-Johnson, C. , Roth, M. , St Kopel 1 , B. (1984). Effects 
of stimulus sequence on P300 and reaction time in 
schizophrenics. In R. Karrer, J. Cohen, St P. Tueting 
(Eds.), Brain and information: Event-related potentials. 
New York: Annals of the New York Academy of Sciences. 
425. 570-577.

Ehrlichman, H. , St Wiener, M. (1980). EEG asymmetry during 
covert mental ac tiv ity . Psychophysioloqy. 17, 228-235.

Fairweather, H. (1976). Sex differences in cognition. 
Cognition. 4, 231—280.

Fischette, C. , Bi eg on, A., St McEwen, B. (1983). Sex d if ­
ferences in serotonin 1 receptor binding in rat brain. 
Science. 222. 333-335.

F itts , P. (1947). A study of location discrimination
a b ility . In P. F itts  (Ed.), Psychological research on 
equipment design. U.S. Printing Office, 207-217.

Freedman, D. (1964). Smiling in blind infants and the issue 
of innate versus acquired. Journal of Child Psychology, 
Psychiatry St A lli ed Disciplines. 171-184.



1 54

Friedman, D. , Hakerem, G. , Sutton, S., St Fliess, J. (1973). 
Effect of stimulus uncertainty on the pupillary dilation  
response and tha vertex evoked potantial. Electroence-  
phalography St Clinical Neurophysioloqy, 34, 475—484.

Frigyasi, J ., Iga, A., Iulo, A., St Schwartz, R. (1971). 
Danigration and sensorlmotor d isab ility  inducad by 
ventral tegmental injection of 6-hydroxydopamina in the 
cat. Experimental Neurology. 33. 78-97.

Barandai, I. (1984). Lateralization of neuroendocrine
control . In N. Qaschwind St A. Galaburda (Eds.), Cere­
bral dominance. Cambridge, Mass.: Harvard University 
Press, 167-178.

Gerendai , I . ,  Rotsztejn, W. , Marchetti, B. Kordon, C. , St
Scapagnini, U. (1978). Unilateral ovariectomy-induced 
luteinizing hormone-releating hormone content change in 
the two halves of the mediobasal hypothalamus. Neuro­
science Letters, 9, 333-336.

Glick, S. (1973). Enhancement of spatial preferences by 
(♦ )-amphetamine. Neuropharmacoloqy» 12, 43—47.

Glick, S., Hinds, P., St Shapiro, R. (1983). Cocaine-in
duced rotation: Sex-dependent differences between le f t -  
and right-sided rats. Science. 221. 775-777.

Glick, S., St Jerussi, T. (1974). Spatial and paw prefer­
ences in rats: Their relationship to rate-dependent 
effects of D-amphetamine. Journal of Pharmacology St 
Experimental Therapy. 188. 714-725.

Glick, S., Jerussi, T. , St Zimmerberg, B. (1977). Behavioral 
and pharmacological correlates of nigrostriatal asym­
metry in rats. In S. Harnad, R. Doty, L. Goldstein, J. 
Jaynes, St G. Krautamer (Eds. ) , Lateral ization in the 
nervous system (pp. 213-249). New York: Academic Press.

Glick, S., Meibach, R. , Cox, R. , St Maayani, S. (1979). Mul­
tip le  and interrelated functional asymmetries in the rat 
brain. L ife Sciences, 25, 395-400.

Glick, S., Ross, D. , St Hough, D. (1982). Lateral asymmetry 
of neurotransmitters in human brain. Brain Research,
234, 53-63.

Glick, S., St Shapiro, R. (1984). Functional and neuochemi — 
cal asymmetries. In N. Geschwind St A. Galaburda (Eds.), 
Cerebral dominance: The biological foundations (pp. 147— 
166). Cambridge, Mass.: Harvard University Press.



1 5 5

Glick, S., Schonfeld, A., Sc Strumpf, A. (1980). Sex d iffe r -  
ences in brain asymmetry of the rodent. Behavioral St 
Brain Sciences, 3, 236.

Goodwin, G., McCloskey, D., St Matthews, P. (1972). The con­
tribution of muscle afferents to kinesthesia shown by 
vibration induced illusions o-f movements and by the e f­
fects of paralysing joiont afferents. Brain, 95, 705- 
748.

Gorski, R., Gordon, J ., Shryne, J ., Sc Southam, A. (1978). 
Evidence for morphological sex difference within the 
medial preoptic area of the rat brain. Brain Research, 
148, 333-346.

Greenough, W. , Carter, C. , Steerman, C. , St DeVoogd, T.
(1977). Sex difference within the medial preoptic area 
of the rat brain. Brain Research, 126, 63-72.

Gregory, E. (1975). Comparison of postnatal CNS development 
between male and female rats. Brain Research, 99, 152-
156.

Grigg, P., Finer man, G. , Sc Riley, L. (1973). Joint position 
sense after total hip replacement. Journal of Bone St 
Joint Surgery, 55A, 1016-1025.

Gundry, J. (1975). The use of location and distance in
reproducing different amplitudes of movement. Journal of 
Motor Behavior, 7 , 91-100.

Gur, R. (1975). Conjugate lateral eye movements as an index 
of hemispheric activation. Journal of Personality St 
Social Psychology, 31, 751-757.

Gur, R ., Gur, R ., Obrist, W., Hungerbuhler, J ., Younkin,
D. , Rosen, A., Skolnick, B. , St Reivich, M. (1982). Sex 
and handedness differences in cerebral blood flow during 
rest and cognitive ac tiv ity . Science, 217, 659-661.

Gurney, M. (1981). Hormonal control of cell form and number 
in the zebra finch song system. Journal of Neuroscience, 
1, 658-673.

Gurney, M. , Sc Konishi, M. (1980). Hormone-induced sexual 
differentiation of brain and behavior in zebra finches. 
Science, 208, 1380-1382.

Hagman, J ., St Williams, E. (1977). Use of distance and
location in short—term motor memory. Perceptual St Motor 
S k ills , 44, 867-873.

Hall, C. , St Wilberg, R. (1978). Distance reproduction,
velocity, response strategy and criterion movement end-



1 5 6

point. Journal of Human Movement Studies, 4, 144-154.

Hatta, T. , & Yamamoyto, M. (1986). Hemispheric asymmetries
in a ta c tile  perception task: Effects of hemispace of 
presentation. Neuropsychologi a, 186, 265-269.

Heilman, K. (1979). Neglect and related disorders. In 
Heilman & R. Valenstein (Eds.), Clinical Neuropsy­
chology. New York: Oxford University Press, 268-370.

Heilman, K. , Schwartz, H. , 8c Matson, R. (1977). Galvanic 
skin response in patients with abnormal emotional 
reactions from brain dysfunction. Neurology, 27, 370.

Heilman, K. , 8c Valenstein, E. (1972). Frontal lobe neglect 
in man. Neurology, 22, 660—554.

Heilman, K. , 8c Valenstein, E. (1979). Mechanisms underlying 
hemispatial neglect. Annals of Neurology, 166-170.

Heilman, K. , 8c Van Den Abell, T. (1979). Right hemispheric 
dominance for mediating cerebral activation. Neurpsy- 
chologi a, 17, 315-321.

Heilman, K. , 8c Van Den Abell, T. (1980). Right hemisphere 
dominance for attention: The mechanism underlying
hemispheric asymmetries of inattention (neglect).
Neurology, 30, 327—330.

Heilman, K. , Sc Watson, R. (1978). Changes in the symptoms 
of neglect induced by changing task strategy. Archi ves 
of Neurology, 35, 47-49.

Heir, D. , Davies, M. , Richardson, E. , 8c Mohr, J. (1977). 
Hypertensive putamenal hemorrhage. Annals of Neurology, 
1, 152-159.

Held, R. , 8c Hein, A. (1963). Movement produced stimulation 
in the development of visually guided behavior. Journal 
of Comparative 8c Physiological Psychology, 56, 872-876.

Helmholtz, H. von. (1866). Handbuch der Physiologischen 
□ptik, Vol. 3, Leipzig: Voss. In MacKay, M. (1973). 
Visual s ta b ility  and voluntary eye movments. In R. Jung 
(Ed.), Handbook of sensory physiology. Central visual 
information. A: Integrative functions and comparative
data (pp. 307-332). New York: Spring-Verlag.

Hermelin, B. , 8c O’ Conner, N. (1975). Location and distance 
estimates by blind and sighted children. Quarterly 
Journal of Experimental Psychology, 27, 295-301.

Hermelin, B. , 8c O’ Conner, N. (1982). Spatial modality
coding in children with and without impairments. In M.



1 5 7

Potagal (Ed.), Spatial a b ilitia s : Davalopmantal and 
phyai ol og i ca 1 •foundation* (pp. 35—54) . Naw York: 
Acadanic Pras*.

Houtnar, L., Sc Hoffman, S. (1981). Imagary a b ility  in ra- 
cal 1 of distanca and location information. Journal of 
Motor Bahavior, 13, 207-223.

Howard, I . ,  Sc Tamplaton, W. (1966). Human spatial orianta- 
t i  on. London: Mi lay.

Hyda, J ., Sc Jarussi , T. (1983). Saxual dimorphism in rats 
with raspact to locomotor activ ity  and circling baha­
vior. Pharmacology, Biochamistry Sc Bahavior, 18, 725- 
729. ~  “

Jacobson, C. , Sc Gorski, R. (1981). Nauroganasis of tha
saxually dimorphic nuclaus of tha praoptic araa in tha 
ra t. Journal of Comparativa Naurology, 196, 519-129.

Jacobson, C. , Shryna, J. , Shapiro, F .  , Sc Gorski, R. (1980). 
Ontogany of tha saxually dimorphic nuclaus of tha pra­
optic araa. Journal of Comparativa Naurology, 193, 
541-548.

Johnson, H. Raaction-tima maasuramants. (1923). Psychologi- 
cal Bullatin , 20, 562-589.

Johnstona, J ., Gal in, D. , Sc Harr on, J. (1979). Choica of 
handadnass maasuras in studias of hamispharic spaciali- 
zation. Intarnational Journal of Nauroscianca, 9, 71- 
BO.

Jonas, B. (1972). Outflow and inflow in movamant duplica­
tion. Parcaption Sc Psychophysics, 12, 95-96.

Jonas, B. , Sc Hulma, M. (1976). Evidanca of an outflow 
thaory of s k il l .  Acta Psychologia, 40, 49-56.

Jutai, J. (1984). Carabral asymmatry and tha psychophy­
siology of attantion. Intarnational Journal of Psycho- 
physioloqy, Ĵ , 219-225.
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