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ABSTRACT 

This research was an attempt to replicate and extend a published study that reported a left 
hemispheric locus for the generation of mental images. Several methodological problems were 
addressed, the stability of effects was assessed by repeating the experiment, and P300 latency was 
measured. A lateralized visual choice reaction time task was performed twice, once without the use 
of imagery and once with imager). In each visual field, the use of imagery produced a speeding of 
reaction times when the target stimuli matched the image generated by the subject. A similar effect 
was present for P300 latency, and was still present in the reaction time data after partialling out the 
P300 latency effect. These results indicate that mental imagery can speed both stimulus evaluation 
and response processing. There was no difference in the amount of speeding for images in the two 
hemifields, providing no evidence for a preferential locus of mental image generation in either 
cerebral hemisphere. 

DESCRIPTORS: Visual imagery, Cerebral laterality, P300, Reaction time, 

During the last two decades, there has been a 
resurgence of interest in mental imagery. In cog- 
nitive psychology, much debate has centered on the 
properties of mental imagery, its relationship to 
perception, and its underlying mental representa- 
tions (see Finke, 1985; Kosslyn, 1981; and Pyly- 
s h p ,  1981). In the field ofhealth, mental imagery’s 
capacity for inducing physiological changes and its 
relationship to psychosomatic illnesses have been 
demonstrated (Sheikh & Kunzendorf, 1984). How- 
ever, mental imagery has been relatively ignored in 
studies on the laterality of cerebral function. Be- 
cause of its quasi-perceptual and subjectively spa- 
tial nature, many have implicitly assumed that 
mental imagery is a function of the right hemi- 
sphere. In their review ofthe literature on this topic. 
Ehrlichman and Barrett ( 1  983) concluded that there 
was insufficient evidence to support this assump- 
tion. Most df the studies they examined had results 
consistent with a bilateral involvement in mental 
imagery. Moreover, recent studies of braindam- 
aged patients have emphasized a left hemisphere 
capacity to generate mental imagery (Farah, 1984; 
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Farah, Gazzaniga. Holtzman. & Kossi! n, 1985; 
Kosslyn, Holtzman, Farah. & Gazzaniga. 1985). 

A provocative stud) of normal subjects b) Farah 
(1986) also implicated the left hemisphere in the 
generation of mental imagery. In a choice reaction 
time study, subjects determined whether a briefly 
presented lateralized stimulus belonged to a target 
stimulus set. The task was performed twice. In the 
baseline condition, subjects simply executed the 
task, without using any mental imagery. In the im- 
agery condition, before each trial. subjects were 
cued to create a mental image of one of the target 
stimuli in the area of the visual field where the 
subsequent stimulus would appear. It was hypoth- 
esized that this image could be used as a template 
to facilitate stimulus evaluation, especiall) when 
the image and subsequent stimulus were the same. 
This was expected to produce faster reaction times 
that those recorded in the baseline condition. Hem- 
ispheric specialization for mental image generation 
was inferred from a faster reaction time for an im- 
age generated in one visual hemifield than the other. 
The results of the study indicated a greater reduc- 
tion in reaction time for right hemifield images. 
suggesting a left hemisphere locus for mental image 
generation (Farah, 1986). 

There were methodological problems in Farah’s 
study that may have influenced the outcome. First, 
although subjects were instructed to focus on a cen- 
tral fixation point during each trial. eye position 
and eye movements were not monitored. There- 
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fore, her findings may have resulted from prefer- 
ential gaze or eye movements toward one hemifield 
during the imagery condition. Second, all of the 
study subjects performed the task under the base- 
line condition followed by the imagery condition, 
and order effects were confounded with the base- 
line-imagery comparison. Farah ran the experiment 
in this order because pilot subjects reported a tend- 
ency to continue imaging when the imagery con- 
dition preceded the baseline condition. Third, the 
study was biased toward finding an effect of imagery 
because subjects who did not have a shortened re- 
action time in the imagery condition were excluded 
from the analysis. 

This manuscript describes a replication and ex- 
tension of Farah’s study, addressing the above men- 
tioned issues. Eye position was carefully monitored 
via videoxamera and eye movements were meas- 
ured, with elimination of suspect trials. The order 
of presentation of the baseline and imagery con- 
ditions was counterbalanced with no subject re- 
porting imagery in the baseline condition. Data 
from all subjects who successfully completed the 
experiment were included in the primary data anal- 
yses, irrespective of whether they had an imagery- 
associated decrease in reaction time. The stability 
of experimental effects was assessed by repeating 
the experiment in a second session in 90% of the 
subjects. Finally, because midline P300 latency has 
been shown to reflect stimulus evaluation time, re- 
gardless of the sensory modality or hemisphere of 
stimulus presentation (McCarthy & Donchin, 1981; 
Magliero, Bashore, Coles, & Donchin, 1984), the 
evoked potential was recorded and P300 latency 
was determined in an attempt to partition any de- 
crease in reaction time associated with imagery into 
stimulus evaluation and response processing com- 
ponents. 

Methods 

Overview 

The experimental paradigm consisted of a visual 
choice reaction time task, with hemifield stimulus 
presentation. Two stimuli had been previously des- 
ignated as targets and four as nontargets. The task was 
performed twice, once without the use of imagery 
(baseline condition), and once with imagery (imagery 
condition). In both conditions, during the prestimulus 
period, subjects were cued as to the hemifield of stim- 
ulus presentation. In the imagery condition, subjects 
were presented with one of the targets in addition to 
the position cue and were instructed to image this tar- 
get in the position of the upcoming stimulus. Subjects 
were instructed to respond to both target stimuli as 
targets, whether or not the presented target matched 
the one they imaged. 
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TO ensure that stimuli were presented to the aP 
propriate hemifield, eye position was monitored via 

gram. The electroencephalogram Was recorded during 
the experiment, and the latency of the p3O0 comW 
nent of the evoked potential was used as a measure of 
stimulus evaluation time. 

Subjects 

The computer recorded the response 
evoked potentials for each trial.’ 

closely replicate the predominant stii 
used by Farah (1986). However, som 
reported great difficulty in distinguisk 

) when they were presented for only 50 n 
also found it necessary to increase tl 

video camera and eye movements via electr0-0cub ! , Stimuli of 50-ms duration were fir 

were instructed to image this target! 
stimulus area of the side indicated by tl 
They were asked to form as &ar and 
as possible and were also told that‘ this 

the image, Subjects initiated stimdus 
before with the foot pedal and the tas 
in the baseline condition. They still re 
gets with one index finger (whether 01 
imaged target), and to nontargets with 
finger. 

The Presentation of a target or a non 
PletelY randomized, as was the selecti 
vidual Stimuli within each of these ca 
numbers of targets and nontargets were 
within each of these categories, each sti 
sented eWallY often. Hemifield of stin 
tion was also randomized. Data were 
there were at least 32 good trials in eac 
WrY. A trial was considered good if 
sponded correctly to the stimulus and 
tentid was not contaminated by eye n 

For each condition, subjects m e ;  
Practice session prior to the start of ( 
Half of the subjects completed the bas 
followed by the imagery condition. . 
completed the experiment in the rever 

Procedure of these subjects reported continuing t 
baseline condition. All subjects reporte 

Subjects were seated at a table and they COntrOW imaging instructions at least 75% of th 
stimulus presentation using a foot pedal. Respona In order to determine the stability 
were made by lifting an index finger Off one of tW responses across time, all of the sub,e 
response pads. Half of the subjects responded to UWl! to return and repeat the experiment. ; 
by lifting their right index finger and to nontargets b! 
lifting their left index finger. The other half responde( - 
to each stimulus category with the opposite index fir that accuratl 
gen. hior to stimulus presentation in the baseline COD video %reen stimuli is complicated by 
dition, a left or right position cue (< or >) locatti monitor operates at a 60 Hz refresh ra! 
beneath the vertical “pipe” sign informed the subjeck chronous with he pc that controls the exi 
about the side on which the stimulus would aPP8 the xreen is repainted from “ideO mem 
Subjects initiated stimulus presentation by lifting thee 16.7 ms, and the pc timing be syn 
right foot off the foot pedal. The StimUhs was P@ the venia  of he CRT to avoid 
sented I 200 ms later, for 67 ms, on the side previousl’m of k8.3 ms in the timing of video stiml 
indicated by the position Cue. This was followed im trial. Funher, the hardware dictates that ~ 

mediately by a 500-ms solid mask in the stimulus are rations are a multiple of one ofa 
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Stimuli 

Stimuli were generated by an IBM compatible 
80386 computer and displayed on a Sony Multiscan 
monitor. &cause electromagnetic radiation from the predictive Of the stim4.Us- 
computer monitor interfered with EEG recording with 
subjects seated 12 inches from the screen (as in Farah’s 
(1986) experiment), subjects were seated 36 inches 
from the display screen, but the physical size of the 
stimuli was increased to yield stimuli that were the 
same size and location in the visual field. Throughoui 
the experiment, the stimulus display included a ver. 
tical “pipe” symbol ( I ) in the center (the break in the 
middle of the “pipe” symbol was designated as the 
fixation point) and markers (consisting of a pair oi 
underscore characters separated by a space) which de. 
lineated the stimulus positions 3 degrees to the righ! 
and left of the fixation point. The stimuli appeared in 
the space between the underscore characters and sub 
tended an angle of .375 degrees horizontally, and be. 
tween .063 and .627 degrees vertically. The stirnull 
consisted of two targets: a plus sign (+) and a zerc 
(o), and four nontargets: an asterisk (*), a minus sip 
(-), a capital 0, and an “at” sign (@). The zero dif, 
fered visually from the capital 0 on the screen by bein! 
more rectangular and having a slash through it. 

‘It is important to 
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z stimuli were presented to the ap 
Id, eye position was monitored via 
3 eye movements via electro-oculo- 
,encephalogram was recorded during 
and the latency of the P300 c o m p  
rd potential was used as a measure of 
ion time. 

Subjects 

nd 14 females. aged 33-46 years. were 
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3-100) as assessed by the Edinburgh 
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at least one month after the initial 
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by lifting an index finger off one of twc 
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D stimulus presentation in the baseline COB 
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The computer recorded the response times and the 
evoked potentials for each trial.’ 

Stimuli of 50-ms duration were first used to more 
cio~ely replicate the predominant stimulus duration 
used by Farah (1 986). However, some pilot subjects 
reported great difficulty in distinguishing the stimuli 
ahen they were presented for only 50 ms. Farah (1 986) 
also found it necessary to increase the stimulus ex- 
posure to 70 ms for some of her subjects. A 67-ms 
stimulus exposure was used in the current experiment 
for all subjects to standardize the procedure, and to 
5)nchronize stimulus presentation with the vertical re- 
iresh of the CRT. 

In the imagery condition, the position cue was ac- 
companied by an image cue (one of the two target 
g imul i )  placed above the ”pipe” sign. The subjects 
were instructed to image this target stimulus in the 
stimulus area of the side indicated by the position cue. 
The! were asked to form as clear and vivid an image 
2s possible and were also told that this image was not 
predictive of the upcoming stimulus. After generating 
thc image. subjects initiated stimulus presentation as 
hefore with the foot pedal and the task proceeded as 
In rhe baseline condition. They still responded to tar- 
gets with one index finger (whether or not it was the 
!maged target), and to nontargets with the other index 
hnger. 

The presentation ofa target or a nontarget was com- 
pletel) randomized. as was the selection of the indi- 

idual stimuli within each of these categories. Equal 
numbers oftargets and nontargets were presented, and 
uithin each of these categories, each stimulus was pre- 
wnred equally often. Hemifield of stimulus presenta- 
lion was also randomized. Data were collected until 
there were at least 32 good trials in each stimulus cat- 
r g w y  4 trial was considered good if the subject re- 
wnded correctly to the stimulus and the evoked po- 
l ~ ~ i i a l  was not contaminated by eye movements. 

For each condition, subjects received a 32-trial 
practice session prior to the start of data collection. 
Half’ of the subjects completed the baseline condition 
Idlowed by the imagery condition. The other half 
Lompleted the experiment in the reverse order. None 
of : !me  subjects reported continuing to image in the 
hwl ine  condition. All subjects reported following the 
imaging instructions at least 75% of the time. 

In order to determine the stability of a subject’s 
rcwnses across time, all of the subjects were asked 

return and repeat the experiment. It was possible 

‘ 1 1  IS  important to note that accurate timing of the 
\ideo screen stimuli is complicated by the fact that the 
monitor operates at a 60 Hz refresh rate that is asyn- 
hronous with the PC that controls the experiment. Thus, 

thc xreen is repainted from video memory once every 
l b  ms. and the PC timing must be synchronized with 

vertical refresh of the CRT to avoid a random error 
of f 8.3 ms in the timing of video stimuli from trial to 
mal Furthe:. the hardware dictates that all stimulus du- 
falions are a multiple of one sixtieth of a second. 

to gather repeat data for 20 of the 22 subjects. For each 
subject, order of condition presentation and target re- 
sponse hand were the same on the the repeat experi- 
ment as on the initial experiment. 

Evoked Potential Recording 

Evoked potentials were recorded with gold cup 
electrodes placed at P, and Cz referenced to the left 
ear. Electro-oculogram (EOG) was recorded between 
electrodes positioned below the outer canthus of the 
left eye and above the outer canthus of the right eye. 
The signals were amplified with a Grass Model 7B 
polygraph (60 Hz filter, band pass = .I-35 Hz). Elec- 
trode impedances were kept below 5 Kohms. The sig- 
nals were digitized and averaged on-line at a sampling 
rate of 250 Hz per channel. Sampling began at stimulus 
presentation and continued for 1000 ms. Any epoch 
contaminated by significant EOG artifact (signal ex- 
cursion greater than 60 microvolts) was automatically 
rejected, as were epochs associated with incorrect or 
missing responses. 

Results 

Reaction Time Data 
The target stimuli trials were separated accord- 

ing to whether the target matched the imaged stim- 
ulus (similar image targets) or did not match the 
imaged stimulus (dissimilar image targets). The tar- 
get reaction times were then analyzed using a 
3(Condition: baseline, similar image, dissimilar im- 
age) X 2(Visual Field: left vs. right) X 2(Order: 
baseline first vs. imagery first) multivariate analysis 
of variance (MANOVA) for repeated measures de- 
signs. The analysis was implemented using the PC/ 
SAS General Linear Models procedure. The input 
to the analysis consisted of the median reaction 
time for each subject for each condition X visual 
field cell. Medians were used because they are more 
resistant to the effects of outlier observations. Table 
1 presents these reaction time data. 

The statistically significant findings were a Con- 
dition X Order interaction (F(2/19)=9.80, p =  
.001) and a main effect of Condition (F(2/19)= 
13.83, p=.0002). There was a trend for a main effect 
of Order (F(1/20)=2.95, p=.IO), with reaction 
times from subjects receiving the baseline condition 
first tending to be faster overall than reaction times 
from subjects receiving the imagery condition first. 
There was no evidence for a main effect of Visual 
Field (F( 1/20)=.03) or for a Visual Field X Con- 
dition or Visual Field X Order interaction (F(2/ 
19)= .29, and F( 1/20)= 1.54, respectively). Finally, 
the three-way interaction was nonsignificant. 

The Condition effect was then partitioned into 
two I degree-of-freedom contrasts: baseline vs. sim- 
ilar image targets, and similar vs. dissimilar image 
targets. When Order was included in the MANOVA 
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Table 1 
Initial experiment: Reaction time 

Vol. 27, No, 

Means (SDS) of Median Reaction Times (ms) 

Baseline Condition Imagery Condition 

Similar Image Dissimilar Image 
Visual Field Nontarget Target Nontarget Target Target 

Overall (N = 22) 

Left 534 (95) 513 (105) 528 (98) 475 (129) 529 (108) 
Right 513 (88) 5 1 1  (104) 522 (102) 479 (156) 523 (117) 

Order 1 (n=11) 
~ 

Left 524 (110) 518 (114) 486 (93) 415 (120) 486(117) 
Right 5 0 0  (96) 510 (129) 476 (91) 403 (174) 471 (135) 

Order 2 (n= 11) 

Left 543 (82) 509 (99) 570 (88) 536 ( I  I I )  572 (82) 
Right 525 (82) 513 (77) 569 (93) 554 (91) 575 (67) 

model, median reaction times to similar image tar- 
gets were faster than to baseline targets (F( 1/20)= 
4.85 p =  .04), and there was a highly significant Con- 
dition X Order interaction (F(1/20)= 18.92, p =  
.0003). There was both a very strong practice effect 
resulting in faster reaction times in the second con- 
dition compared to the first and a smaller condition 
effect with faster reaction times in the similar image 
compared to the baseline condition. The results for 
the similar image target vs. dissimilar image target 
were also illuminating. With Order included in the 
MANOVA model, median reaction times to similar 
image targets were much faster than those to dis- 
similar image targets (F( 1/20)=28.00, p= .OOOl), 
and again, there was a significant interaction with 
Order (F( 1/20)=4.98, p=.04). These results indi- 
cate that the large reaction time decreases for sim- 
ilar image targets compared to dissimilar image tar- 
gets are slightly larger when the imagery condition 
comes second, possibly as a result of the subject 
having had practice with the task. 

The above analyses included data from some 
subjects who did not show the predicted imagery 
effects of decreased reaction times on trials with 
matching images and target stimuli. In her exper- 
iment, Farah (1986) eliminated the data from such 
subjects and replaced them with new subjects. To  
determine whether the differing results of the cur- 
rent experiment could be due in part to the inclu- 
sion of such subjects, a separate analysis was per- 
formed only on data from subjects (N=17) who 
had faster reaction times for similar compared to 
dissimilar image targets. The results of this analysis 
were virtually identical to those presented above 
for all subjects. There was no evidence for a main 

effect of Visual Field or a Visual Field X Conditio 
interaction in the context of a large Condition etfei 
(F(2/14)=33.52, p=.OOOl) and a significant Cor. 
dition X Order interaction (F(2/14)=5.23, p=.O: 

This experiment included data from both ma. 
and female subjects. as compared to Farah ( 1 9 8 ~  
who studied only males. Numerous studies ha\ 
examined sex differences in the cerebral laterall: 
of various verbal and nonverbal functions (for r: 
views see Bryden, 1979; McGlone, 1980; and Far 
weather, 1982). Although some researchers ha1 
concluded that males are more lateralized in ce!: 
bra1 function than females (McGlone, 1980), othr 
find this conclusion premature (Bryden. 1979: Fa:. 
weather, 1.982). To determine whether the curry 
results were due to a difference in laterality betwe; 
the sexes, the data from males and females we. 
analyzed separately. The results of these separa 
analyses were similar to the results when all subjet 
were combined. There was no main effect of VisL 
Field or a Visual Field X Condition interaction ! 
either males or females, in the context of a sign 
icant Condition main effect in both cases @=.’ 
for males, p=.O3 for females). 

During the initial experiment, in addition 
testing for handedness, each subject was asked if .  
or she had any left-handed immediate family mer 
bers. This was true for only three of the fern: 
subjects and for one of the male subjects. Re-ar. 
lyzing the data without these subjects did r 
change the results. 

The lack of a significant Visual Field X CC- 
dition interaction in the previous analyses cOI: 

result from two different situations. Either no pn 
erential hemifield reaction time reductions re% ’ 
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From using visual imagery or there are 
hemifield reaction time reductions tha 
using visual imagery, but some subj, 
strate a preferential left-visual-fielc 
whereas others demonstrate a prefereni 
ual-field reduction. In order to determ 
these situations was present in our dai 
ject’s target reaction time data were a; 
arately using a 3(Condition: baseline, si 
dissimilar image) X Z(Visua1 Field: 11 
repeated measures MANOVA, with 
trials taken as independent observatic 
the individual subject analyses resultc 
cant Visual Field X Condition interaj 
4 subjects showed even a trend @-va 
.OS and. 15) toward a preferential hemif 
time reduction with 2 of them demt 
trend toward a left-visual-field advant; 
agery, and the other two demonstrat 
toward a right-visual-field advantage w 
Because order effects were inextricably 
with the baseline target data, a similar, 
performed comparing the target rea 
from the similar and dissimilar imagt 
only. There were significant Condition 
@<.05) for 12 of the 22 subjects, all inc 
er reaction times to similar image targe 
10 dissimilar image targets. Three otl 
showed a trend in the same direction 
significant Condition X Visual Field 
@<.OS) was present only in the data 
jects, with both demonstrating a left 
(nght hemisphere) advantage with ima 

Table 2 contains the reaction time d; 
repeat experiment, on 20 of the 22 sub 
were analyzed in exactly the same man] 

Rt 

Baseline ( 

Visual Field Nontarget 

Left 494 (102) 
Right 487 (104) 

Left 496 ( I  19) 
Right 499 ( I  29) 

~~ 

Len 493 (88) 
Right 476 (76) 
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Times (ms) 

ry Condition 

Image Dissimilar Image 
pet Target 

129) 529 (108) 
156) 523(117) 

120) 486 (117) 
174) 471 (135) 

t 
111) 572 (82) 
91) 575 (67) 
~ _ _ ~  
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from using visual imagery or there are preferential 
hemifield reaction time reductions that result from 
using visual imagery, but some subjects demon- 
grate a preferential left-visual-field reduction 
uhereas others demonstrate a preferential right-vis- 
"a]-field reduction. In order to determine which of 
these situations was present in our data, each sub- 
ject's target reaction time data were analyzed sep- 
arately using a 3(Condition: baseline, similar image, 
dissimilar image) X Z(Visual Field: left vs. ri'ght) 
repeated measures MANOVA, with the various 
lnals taken as independent observations. None of 
the individual subject analyses resulted in signifi- 
Cant Visual Field X Condition interactions. Only 
1 subjects showed even a trend @-value between 
05 and. 15) toward a preferential hemifield reaction 

time reduction with 2 of them demonstrating a 
trend toward a left-visual-field advantage with im- 
ageq. and the other two demonstrating a trend 
toward a right-visual-field advantage with imagery. 
Because order effects were inextricably confounded 
with the baseline target data, a similar analysis was 
performed comparing the target reaction times 
from the similar and dissimilar image conditions 
onl!. There were significant Condition main effects 
rp<.05) for 12 of the 22 subjects. all indicating fast- 
er reaction times to similar image targets compared 
IO dissimilar image targets. Three other subjects 
showed a trend in the same direction @<.l2). A 
significant Condition X Visual Field interaction 
( ~ ~ 0 5 )  was present only in the data from 2 sub- 
jects. with both demonstrating a left-visual-field 
(right hemisphere) advantage with imagery. 

Table 2 contains the reaction time data from the 
repeat experiment, on 20 of the 22 subjects, which 
Here analyzed in exactly the same manner as in the 

initial experiment. The results of the analyses were 
very similar to those presented above. Once again, 
the statistically significant findings were a Condi- 
tion X Order interaction (F(2/17)=8.22, p=.003) 
and a main effect ofcondition (42/17)= 1 1.34.p= 
.0007). There was no main effect of Order (F(l/ 
18)=0.01). The partitioning of the Condition effect 
into two 1 -degree-of-freedom contrasts yielded dif- 
ferent results from the first experiment in two ways. 
First, with Order included in the MANOVA model, 
the contrast between target reaction times in the 
baseline and similar image conditions yielded a 
larger effect (F(1/18)= 10.04, p=.005). Second, the 
interaction between Order and the contrast between 
reaction times to similar vs. dissimilar image tar- 
gets was nonsignificant in the repeat experiment 
(F(1/18)=0.75). Thus, the major difference in re- 
sults between the first and repeat experiments is 
that the condition effects were somewhat larger in 
the repeat experiment whereas the order effects 
were somewhat smaller. 

Task Performance Accuracy and Eye Movements 
The error rates for the task and the number of 

trials lost to eye movements were analyzed in the 
same manner as were the median reaction times. 
Error rates ranged from 13% to 19%, and between 
6% and 11% of trials were lost to eye movements 
over the different conditions. There were no sig- 
nificant main effects or interactions in either ex- 
periment for error rates or eye movements. 

P300 Latency 
Initial measures of P300 latency were derived 

from the averages, for each subject. of the evoked 
potentials recorded in response to each of the six 

Table 2 
Repeat experiment: Reaction tiine 

Means (SDs) of Median Reaction Times (ms) 

Baseline Condition Imagery Condition 

Similar Image Dissimilar Image 
Visual Field Nontarget Target Nontarget Target Target 

Overall (N = 20) 

Left 494 ( I  02) 462 ( 1  03) 496 (92) 448 ( 1  30) 493 (98) 
Right 487 (104) 486 (128) 495 (95) 438 (106) 493 (94) 

Order 1 (n=10) 

Len 496(119) 4771123) 482(105) 431 (148) 482 ( I  19) 
Right 499(129) 521 (168) 490(114) 426(137) 495 ( 128) 

Order 2 (n= 10) 

Len 493 (88) 446 (83) 510 (81) 465 (114) 503 (75) 
Right 476 (76) 450 (62) 500 (77) 451 (68) 492 (48) 
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target conditions. P300 latency was defined as the 
latency of the maximum amplitude between 270 
and 900 ms in the Pz recording, provided that a 
similar peak with comparable latency was also pres- 
ent in the C, waveform. These latency measures 
were analyzed using the same repeated measures 
MANOVA design as for the reaction times. The 
only significant finding was a main effect of Con- 
dition (F(2/19)=3.5295, p=.05). There were no 
main effects of either Order or Visual Field, and no 
interaction effects were observed. The Condition 
effect resulted from an earlier P300 latency for sim- 
ilar image targets compared to the baseline condi- 
tion (F(1/20)=6.47, p=.O2) and a trend for earlier 
P300 latency for similar image targets compared to 
dissimilar image targets (F( 1/20)= 3.58, p =  .07). 

The use of average evoked potential waveforms 
to measure P300 latency assumes that the endog- 
enous P300 response does not vary across the single 
trials that comprise the average. However, there is 
evidence that even the exogenous potential evoked 
by a simple flash stimulus can exhibit considerable 
trial-to-trial heterogeneity (Miicks, Gasser, & 
Pham, 1984). The possibility was considered that 
P300 latency had varied across the trials and that 
differential Visual Field effects, if present, might 
have been obscured by the use of average wave- 
forms. To determine whether trial-to-trial variabil- 
ity of P300 latency, for a given subject and con- 
dition, was an important factor, a recently devel- 
oped statistical test of latency jitter was employed 
(Mijcks, Kohler, Gasser, & Pham, 1988). The re- 
sults of this test suggested that the prevalence of 

single-trial P300 latency variability was quite high 
Of 132 tests of latency jitter for the interval from 
270-900 ms poststimulus (22 subjects X 6 condi. 
tions), 53 were significant at p<.05. Nineteen 01 
the 22 subjects had a statistically significant degree 
ofjitter in one or more conditions, and the presence 
of latency jitter was not related to either the visua, 
field or the imagery status of the stimulus. 

In the face of such extensive signal heterogene. 
ity, the decision was made to measure P300 laten. 
cies directly from the single-trial data. The abilit! 
to accurately identify underlying components or 
single trials, even after appropriate filtering, re. 
quires that the signal-to-noise ratio of the data br 
high. Visual inspection of the waveforms suggestcc 
that this was the case, but to confirm this an est!. 
mate was computed of the signal-to-noise ratio o 
the single-trial data for each subject and condition 
(For equations to estimate signal-to-noise ratic 
(SNR), and comparative SNR estimates from othe 
experimental paradigms, see Turetsky, Raz, & Fein 
1988.) The median SNR estimates across subject 
for the six conditions, ranged from 0.64 to 0.91. Ir 
our experience, these values represent very higi 
SNR estimates for evoked potential data. The trut 
ratios are probably considerably higher, because thr 
presence of extensive latency jitter produces a net 
ative bias in the estimated SNR. To  facilitate de 
tection of the P300 peak, each single-trial evokei 
potential was first subjected to a low pass digiti 
filter, using Blackman’s “lucky guess” window funi 
tion (Blackman & Tukey, 1959), down 3dB at 3.2 
Hz and down to zero at 11.25 Hz. The latency I 

Table 3 
Initial experiment: P300 latencv data, using 

average evoked potential measurement of P300 

Means (SDs) of P300 Latencies (ms) 

Baseline Condition Imagery Condition 

Similar Image Dissimilar Image 
Visoal Field Nontarget Target Nontarget Target Target 

- __ 
Overall (N = 22) 

Left 550 (107) 530 (108) 581 (99) 498 (131) 5 1 1  (107) 
Right 564 (123) 535 (105) 566 (87) 499 (125) 535 (125) 

Order 1 ( n = l l )  

Left 521 (121) 515 (114) 596(92) 493 (145) 525 (109) 
Right 549 (105) 524 (109) 579 (80) 499 (154) 532 (142) 

Order 2 (n=11) 

Left 579 (88) 544 (105) 566 (109) 503 (122) 498 (109) 
Right 578 (142) 545 (104) 553 (96) 499 (96) 538 (112) 

LateraIi January. 1990 

Initial experiment: P300 

Baseline ( 

Visual Field Nontarget 

Left 457 (38) 
Right 452 (42) 

Left 460 (42) 
Right 455 (47) 

Left 455 (35) 
Right 448 (37) 

the P300 component was defined as the 
hrst  positive peak between 270 and 90 
stimulus in the filtered P, waveform. 
high signal-to-noise ratios in the data se 
little uncertainty in the identification c 
ponent peak in each single trial. The 
these single-trial measures was then ta 
latency of P300 for each subject and con 
P300 latency measures for the initial e 
from the average and the single-trial wav 
presented in Tables 3 and 4 respectively 
both the means and standard deviatio, 
latency are larger for the average wavei 
sumably, this is a reflection of the broac 
flattening of peaks that is introduced intc 
form by averaging together single trials 
different latencies. 

The median single-trial latencies wen 
to the same analyses as the average evo 
tial P300s. The use of single-trial latenci 
reveal any additional significant relatiot 
those relationships that were observed 
were even stronger in the single-trial me: 
only statistically significant effect was a I 

of Condition (F(2/19)= 17.01, p=.OOO1 
der. Visual Field, or interaction effects 
(all p’s>.13). Partitioning of the Cond 
demonstrated an earlier P300 to targets 
liar image compared to the baseline cond 
20)=32.23, p=.O001),  and earlier P300r 
In the similar compared to dissimilar i 

were unchanged when the 4 subjects wl 
show a consistent speeding of P300 latt 

ditions (F( 1/20)=30.06, p=.OOOI). Th, 
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!or more conditions, and the presence 
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:e, these values represent very high 
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the estimated SNR. To facilitate de. 
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y Condition 

[mage Dissimilar Image 
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31) 5 1 1  (107) 
2 5 )  535 (125) 

45) 525 ( 1  09) 
54) 532 (142) 

22) 498 (109) 
6) 538 ( I  12) 
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Laterality of Mental Image Generation 

Table 4 
Initial experiment: P300 latency data, using single trial measurement of P300 

___ ___ 
Means (SDs) of P300 Latencies (ms) 

63 

Baseline Condition Imagery Condition _____-__ ___ __-___ 
Similar Image Dissimilar Image 

Visual Field Nontarget Target Nontarget Tnrget Tuget 

Overall (N = 22) 
. _ ~ _ _ _ _  

Left 457 (38) 468 (37) 462 (43) 424 (33) 463 (46) 
Rlght 452 (42) 457 (46) 459 (49) 419 (49) 462 (48) 

~- .~__ ~~ ~ ~ ~ _ _  
Order 1 ( n = l l )  

Left 460 (42) 461 (28) 476 (31) 429 (32) 466 (35) 
Right 455 (47) 454 (42) 471 (47) 429 (50) 467 (40) 

Order 2 ( n = l l )  

Left 455 (35) 476 (45) 448 (50) 419 (35) 460 (57) 
Right 448 (37) 459 (52) 446 (50) 409 (48) 457 (57) 

the P300 component was defined as the time of the 
hrst positive peak between 270 and 900 ms post- 
ctlmulus in the filtered P, waveform. Given the 
high signal-to-noise ratios in the data set, there was 
little uncertainty in the identification of the com- 
ponent peak in each single trial. The median of 
these single-trial measures was then taken as the 
latenc) of P300 for each subject and condition. The 
P300 latency measures for the initial experiment, 
from the average and the single-trial waveforms, are 
presented in Tables 3 and 4 respectively. Note that 
both the means and standard deviations of P300 
iiiicnc> are larger for the average waveforms. Pre- 
sumably, this is a reflection of the broadening and 
tlattening of peaks that is introduced into the wave- 
iorm by averaging together single trials with very 
different latencies. 

The median single-trial latencies were subjected 
to the same analyses as the average evoked poten- 
tial P300s. The use of single-trial latencies failed to 
re\ ea1 any additional significant relationships, and 
those relationships that were observed previously 
uere even stronger in the single-trial measures. The 
onl! statistically significant effect was a main effect 
0; Condition (F(2/19)= 17.01, p=.OOOI). No Or- 
der. Visual Field, or interaction effects were seen 
la11 ~ ‘ 0 . 1 3 ) .  Partitioning of the Condition effect 
demonstrated an earlier P300 to targets in the sim- 
ilar image compared to the baseline condition (F( 1/ 
20)=32.23, p=.OOOl), and earlier P300s to targets 
In the similar compared to dissimilar image con- 
dltions (F( 1/20)=30.06, p=.OOOI). These results 
were unchanged when the 4 subjects who did not 
show a consistent speeding of P300 latency in re- 

sponse to the similar image target were excluded 
from the analysis. The results from the repeat ex- 
periment were comparable: only the Condition ef- 
fect was statistically significant (F(2/ 17)= 22.36, 
p=.OOOl). Analyzing the data from males and fe- 
males separately also produced similar results. 
Again. although there was a significant Condition 
main effect for both sexes (p=.O3 for males, p=.O1 
for females), there was no main effect for Visual 
Field and no Visual Field X Condition interaction 
for either sex. Figure 1 depicts the average evoked 
potential waveforms for 3 typical subjects: Figure 
2 depicts box plots (SAS Institute Inc.. 1985) of the 
single-trial P300 latencies for these subjects. Both 
figures illustrate the earlier P300 latency in the sim- 
ilar image condition compared to the dissimilar im- 
age and baseline conditions, regardless of the visual 
field of stimulus presentation. 

Reaction Time Data with P300 
Latency as a Covariate 

The reaction time data were examined after re- 
moving variation accounted for by differences in 
P300 latency. Using BMDPZV, P300 latency was 
treated as a covariate for each median reaction time 
observation. Because this program does not per- 
form a multivariate repeated-measures analysis, the 
p-values reported below are the Greenhouse-Geis- 
ser adjusted pvalues. After controlling for P300 la- 
tency, there was still a statistically significant (al- 
though smaller) Condition effect for target reaction 
times in the initial experiment (F(2/39)=4.21, p =  
.03), and a trend for the effect in the repeat exper- 
iment (F(2/35)=2.54, p=.lO). The Order X Con- 
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-- 
Figure 1. Average evoked potential waveforms at the P, electrode site for 3 representative subjects. Top: Left visua 

hemifield stimulus presentation. Bottom: Right visual hemifield stimulus presentation. Responses to similar imagr 
dissimilar image, and baseline targets are displayed, along with the EOG for each subject. The similar image targel! 
have an earlier P300 latency than either the dissimilar image or baseline targets. This effect is similar in size for thc 
two hemifields of stimulus presentation. 

dition interactions were somewhat larger after ad- 
justing for the P300 latency covariate (F(2/39)= 
10.25, p=.OOl; and F(2/35)=7.72, p=.002; in the 
initial and repeat experiments, respectively). 

Test- Retest Reliability 

Painvise Pearson's correlation coefficients were 
computed between the percent reaction time de- 
crease, P300 latency reduction, and order effects 
(for the reaction time data) from the initial exper- 
iment and the comparable measures from the re- 
peat experiment, to determine the reliability of 
these effects across experimental replications that 
were at least one month apart. The correlations 
were .60, .59, and .58 for the percent reaction time 
decrease, P300 latency reduction, and order effect 
respectively (all p<.OI). 

Discussion 
These results failed to replicate Farahs (1986) 

finding of a left-hemispheric locus for the genera- 

tion of mental images. For that matter, they alsc 
failed to support a right-hemispheric locus for men. 
tal image generation. There were no significant VIS. 

ual field X condition interactions of any kind II 

any of the analyses of error rates, reaction times 
or P300 latencies. 

These findings are consistent with the hypothesi! 
that both hemispheres are capable ofgenerating ani 
using simple mental images. This hypothesis ha! 
also received support from several other studies re 
centty reviewed by Kosslyn (1 988). These studier 
have indicated that the formation of mental image 
involves two types of processes, those that activaii 
stored memories of the appearances of parts o: 
forms, and those that arrange parts into the prop: 
configuration. The results provided evidence tha; 
both hemispheres have the ability to generate men 
tal images of the component parts of forms, bu' 
they apparently differ in the preferred way of ar.. 
ranging them. The left hemisphere was superio: 
when categorical relations could be used to arrangi 

the parts, whereas the right hemisphc 
at combining parts using coordinate 
relations. In the present experiment, tl 
ages were fully formed prior to the s 
entation, and there would have been 
for one process over the other. Bot1 
been effectively utilized in forming th 
ages, therefore making the effect of 
same in both visual fields. This was re 
results by the lack of any condition > 
interxtions. 

This failure to demonstrate visual 
for the reaction time decrease associa 
agery did not result from an overall in: 
the paradigm to the effects of imagery 
consistent main effects of imagery on 
action time and P300 latency measurc 
ceivable that the absence of a visual fi 
sulted from inadequate lateralization 
Presentation or a failure to control fc 
erence. However, the combination of 
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Figure 2. Box plot representations (SAS Institute Inc., 1985) of the single trial P300 latency distributions for 3 
subjects whose average evoked potential waveforms are presented in Figure 1. Top: Left visual hemifield stimulus 
presentation. Bottom: Right visual hemifield stimulus presentation. Each box plot denotes the mean. median, inter- 
quartile range, and extremes of the frequency distribution. Similar image, dissimilar image, and baseline target con- 
ditions are displayed separately for each subject. The earlier P300 of the similar image, compared to the baseline and 
dissimilar image conditions, is consistently illustrated for stimuli presented to either visual field. 

the parts, whereas the right hemisphere was better 
at combining parts using coordinate stored spatial 
relations. In the present experiment, the mental im- 
ages were fully formed prior to the stimulus pres- 
entation, and there would have been no advantage 
for one process over the other. Both could have 
been effectively utilized in forming the mental im- 
ages, therefore making the effect of imagery the 
same in both visual fields. This was reflected in the 
results by the lack of any condition X visual field 
interactions. 

This failure to demonstrate visual field effects 
for the reaction time decrease associated with im- 
agery did not result from an overall insensitivity of 
the paradigm to the effects of imagery. There were 
consistent main effects of imagery on both the re- 
action time and P300 latency measures. It is con- 
ceivable that the absence of a visual field effect re- 
sulted from inadequate lateralization of stimulus 
Presentation or a failure to control for gaze pref- 
erence. However, the combination of visual mon- 

itoring of gaze fixation and the automatic rejection 
of trials with EOG artifact make this an unlikely 
explanation. 

The reaction times in this experiment were from 
167 to 339 ms faster, depending on condition, than 
those in Farah's experiment. This is probably the 
result of stimuli that were easier to discriminate 
(i.e., more pixels per stimulus), longer stimulus ex- 
posure (67 ms vs. 50 ms), and easier response re- 
quirements (lifting a finger vs. pressing a response 
button). Although it is possible that these paradigm 
differences might have reduced the differential ef- 
fect of imagery in the two visual fields, it seems 
doubtful that they could have completely elimi- 
nated this effect while leaving the general effects of 
imagery on reaction time intact, as evidenced in 
our experimental data. 

This experiment included data from male and 
female subjects. In addition, three of the female 
subjects and one male subject had a familial history 
of left-handedness. Farah (1986) used only right- 
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handed males, with no left-handed relatives. As pre- 
viously mentioned, it is possible that the choice of 
subjects affected the sensitivity of the experiment. 
However, the results of the various analyses argue 
against this. Males and females did not differ in 
their experimental results. Nor did the results 
change when the  four subjects with a familial his- 
tory of left-handedness were dropped from the anal- 
ysis. Furthermore, the analyses of reaction times 
for individual subjects yielded significant condition 
effects, but did not yield a single significant con- 
dition X visual field interaction when the analysis 
included all of the target conditions, and only two 
such interactions when the analysis included only 
the imagery target conditions. These results suggest 
that neither the subject’s sex, nor a familial history 
of left-handedness were mediating factors in this 
experiment. However, it was not possible to analyze 
the data to evaluate all the above factors in com- 
bination. Consequently, although Farah’s conclu- 
sions may not generalize across the population at 
large, they may obtain for a selected subset. 

The use of mental imagery decreased P300 la- 
tency for stimulus presentation in either hemifield 
when the image and stimulus matched. This agrees 
with previous reports that mental images can be 
used as templates to facilitate stimulus discrimi- 
nation (Bisiach & Luzzatti, 1978; Shepard & Coop- 
er, 1982). However, mental imagery appears ca- 
pable of speeding response processing in addition 
to stimulus evaluation, as evidenced by the signif- 

icant condition effect remaining after variation ac. 
counted for by differences in P300 latency was re- 
moved. The lack of any significant interactions with 
order in the analysis of the P300 data indicates that 
order of condition presentation primarily affects the 
response processing portion of the reaction time. 
and in fact, the order X condition interactions were 
larger when the reaction time data were analyzed 
with P300 latency as a covariate. 

As is apparent in Figure 1, the averaged evoked 
potentials indicate an early negative shift. This 
could reflect the subject’s anticipation of a stimulus 
presentation developed after the initiation of each 
trial with the foot pedal. The figures also illustrate 
the very large P300 amplitudes produced by this 
experimental paradigm. 

The results from the initial and repeat experi 
ments were essentially the same, the basic differ. 
ences being in the size of the condition and ode: 
effects. As subjects became more familiar with thi 
task, the ability of imagery to speed reaction tim 
became greater and the order of condition pres. 
entation had less influence on the results. 

In summary, this experiment provided no sup 
port for a preferential locus of mental image gen. 
eration in either the left or the right hemispherc 
Rather, each hemisphere appears to be capable ( 
generating and using simple mental images to sp 
both stimulus evaluation and response process 
Future research could determine if these res 
would also apply with more complex images I 
more difficult image manipulations. 
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