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Handedness and space errors

SERGIO CESARE MASIN and ANNA AGOSTINI
University of Udine, Udine, Italy

Two groups of left- and right-handed subjects compared the lengths of two simultaneous lines
presented briefly, one on the left and one on the right of a fixation point. The subjects reported
left (right) longer lines in a pair by pressing a key on the left (right) with the left (right) hand.
Space errors were almost specular in the two groups. The hand shown to be less preferred accord­
ing to a handedness test responded more often. Another group of right-handed subjects compared
the same lines by responding with crossed arms, so that longer left (right) lines in a pair were
now reported with the right (left) hand. Space errors seemed to depend on a motor-pathway prefer­
ence and perhaps also on an intentional bias.

The comparison of two equal stimuli presented succes­
sively or simultaneously involves constant errors (Fech­
ner, 1860, 1882). Many explanations of these errors have
been proposed, none of which appears to be completely
satisfactory (Guilford, 1954; Hellstrom, 1985; Needham,
1934; Sandusky, 1974; Woodworth & Schlosberg, 1954).
It seems likely that constant errors are difficult to predict,
because they depend on multiple factors. We investigated
one of these possible factors for simultaneous stimuli.

Usually, constant errors are studied with the method
of constant stimuli or of paired comparisons. Let us first
review these methods and types of constant errors. In the
method of constant stimuli, a standard stimulus (S) is
paired with each one of a number of variable stimuli (Vs)
varying with respect to a single attribute. Usually, the S
is one of the Vs. For each S, V pair, the subject reports
which stimulus is greater. The point of subjective equal­
ity (PSE) is defined as the value on the continuum of Vs
that has 50 % probability of being reported greater than
the value of the S. The PSE is thus estimated from the
proportions of the "greater" response.

A constant error is defined as the difference between
the PSE and the value of the S, and is called timeor space
errorwhen the S and V in a pair are successive or simul­
taneous, respectively (Guilford, 1954; Woodworth &
Schlosberg, 1954).

When the method of constant stimuli is applied repeat­
edly, and the S is set equal to a different V in each repeti­
tion , the obtained PSEs vary as an almost linear function
of the value of the S, for both successive (Doughty, 1949;
Masin, 1987) and simultaneous (Masin, Fanton, &
Crestoni , 1988) stimuli. This function may be called the
PSE junction. Two PSE functions with different slopes
may be distinguished, one for the S preceding and one
for the S succeeding the V in a pair. The difference be­
tween the slopes of these functions is due to the tenden-
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cies of PSEs to shift toward the center of the range of
Vs when the S precedes the V in a pair (Doughty, 1949)
and to shift in the opposite direction when the S succeeds
the V in the same pair (Fechner, 1860).

The method of paired comparisons allows us to obtain
the two PSE functions with a single application. This
method involves the use of two identical sets of Vs that
vary with respect to a single attribute. Let AI (i = 1, 2,
. . . , n) and Bj (j = 1, 2, ... , n) denote these Vs in the
two sets, where i andj increase with the varied attribute.
For i =j, AI = Bj. Each AI is paired with each Bj. For
each of the n1 ensuing pairs, subjects report whether
AI < Bj or AI '> Bj. Each AI or Bj may be taken as a
variable S. Therefore, two PSE functions may be distin­
guished, one when AI is taken as an S (and BI to Bn are
the Vs), and one when Bj is taken as an S (and Al to An
are the Vs). In Figure 1, these functions are shown for
AI and Bjtaken as Ss (open and filled circles, respectively).
As is shown in Figure la, for pairs of successive lines
with AI appearing after Bj, the slope of the PSE function
when AI is taken as an S is greater than the slope of the
PSE function when Bj is taken as an S (Masin & Agostini,
1990). And, as is shown in Figure 1b, for pairs of simul­
taneous lines with AI on the left and Bj on the right of
a fixation point , the slope of the PSE function when AI
is taken as an S is greater than the slope of the PSE func­
tion when Bj is taken as an S (Masin & Agostini, 1991).
That is, the two PSE functions intersect for both time and
space errors.

A factor suggested as a base for time errors is the ten­
dency to favor one verbal comparative response over
another (Restle, 1961, pp. 156-159). A verbal response
preference has a negligible effect on time errors because
a change in mode of judgment leaves the intersection of
the PSE functions substantially unaltered (Masin & Fan­
ton, 1989, Experiment 2). However, it may be that one
comparative response becomes favored when there is a
preference for one motor pathway, as, for example, when
the responses are one verbal and one manual or when both
are manual . When both hands are engaged in spatial non­
verbal tasks, a shift in hand use seems to occur (Hamp-
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sion, with a 1- to 2-min rest period between the second and third , and
the fourth and fifth, presentations of25 pairs . The subjects did not know
that the lines in a pair were to be named A or B.

The subjects were asked to fixate the fixation point at the acoustic
signal . It was convincingly explained to them that to avoid eye move­
ments during fixation would optimize performance, because it would
permit equal visibility of the lines in a pair . The subjects were asked
to report manually which line in a pair was longer. They had the left
thumb on the leftmost key and the right thumb on the rightmost key
of a row of keys on the computer keyboard, which was placed between
the subject and the display. The rightmost (leftmost) key hadto be pressed
with the right (left) thumb when the longer line on the display screen
was on the subject's right (left). The "equal" or " don't know" responses
were forbidden. Each subject gave 150 responses in total .

Results
For i = j, Ai = Bj. Consequently, there is one PSE for

each Ai taken as an S and one PSE for each Bj taken as
an S.

In Figure 2, the mean PSEs are shown as a function
of i or j, for left (Ai, open circles) and right (B], filled
circles) Ss, for left-handed (left diagram) and right-handed
(right diagram) subjects. These mean PSEs are means of
120 individual PSEs (six replicates) computed by the
method of transitions, and correspond substantially to the
mean PSEs obtained with the weighted least squares pro­
cedure (Masin, 1989). The arrows indicate the Vs. A 2
(preferred hand) X 2 (position of S) X 5 (value ofS) anal­
ysis of variance (ANOVA) with six replicates showed that
the main effects due to preferred hand and position of S
were nonsignificant [F(1,38) = .70 and .82 , respec­
tively]. The interactions between preferred hand and po­
sition of S [F(1,38) = 146], preferred hand and value of
S [F(4,152) = 20.2] , position of S and value of S
[F(4,152) = 19.3], and preferred hand, position of S, and
value of S [F(4 ,152) = 8.85] were all significant at the
0.0001 level. This ANOVA indicates (1) that, in agree­
ment with Hampson and Kimura's (1984) and Wiinscher
et al. 's (1990) data, the two PSE functions following an
application of the method of paired comparisons are sepa­
rated and almost specular in left- and right-handed sub-

Figure 2. Mean point of subjective equality (PSE) as a function
of tbe standard appearing on tbe left (A,) or right (BJ) of a fixation
point (Experiment 1: left- and right-handed subjects).
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son & Kimura, 1984; Wiinscher, Jordan, Gille, & Roth,
1990). Thus, for visual comparisons reported manually,
there should be a higher response frequency of the left
and right hands in right- and left-handed subjects, respec­
tively . A manual response preference predicts a vertical
relative displacement of the PSE functions, in opposite
directions for subjects with different hand preferences.
In Experiment 1, these predictions were tested with simul­
taneous stimuli, and with two groups of left- and right­
handed subjects.

Figure 1. Mean point of subjective equality (PSE) as a function
(a) of tbe standard appearing first (BJ) or second (A,) in a pair, or
(b) appearing on tbe left (A,) or right (BJ) ola flXlltionpoint (Masin
& Agostini, 1990, 1991).

EXPERIMENT 1

Method
Subjects. There were 20 left-handed and 20 right-handed subjects.

Handedness was assessed by having subjects report which hand they
used for each of 12 common manual activities (Oldfield, 1971) . The
right-handed subjects were 3 male and 17 female students from the
Faculty of Foreign Languages and Literature at the University of Udine .
The left-handed subjects were 10 students from the same faculty and
10 individuals of various professions from outside the university-7 males
and 13 females in total. Their declared vision was either normal or cor­
rected to normal.

Stimuli. The stimuli were pairs of simultaneous vertical black lines
displayed for 125 msec on a light gray 30 x 22 cm ffiM 8514 color­
display screen controlled by an ffiM 80 computer. The pairs were com­
binations of five Vs that were 8.38, 8.50, 8.62, 8.74, or 8.86 em long .
The viewing distance was 65 em . One line in a pair appeared on the
left and one on the right of a fixation point, which was a yellow pixel
always present in the middle of the screen. Both lines in a pair were
8 cm (7°) from this pixel. The fixation point and the centers of the two
lines lay on an ideal horizontal line. Each pair of linesappeared 2.7 sec
after a response was typed and was signaled 1.4 sec before its appear­
ance by a very brief sound .

D1umination level at the screen was 185 lx. So that reflections off the
screen could be avoided, the subject viewed the stimuli through a 14.5 x
8.5 em rectangular cutout in a black 100 x 70 cm cardboard placed
49 em from the screen. Eye level was adjusted with a chin- and headrest.

Procedure. The method of paired comparisons was used . Let the Vs
on the left and right of the fixation point be A, and B), respectively,
with the integers i andj increasing from I to 5 with the length of Vs.
Each A; was paired with each B). To each subject, the ensuing 25 A"B)
pairs were presented randomly, six times consecutively in a single ses-



FIKUre 3. Mean point of subjective equality (PSE) as a function
of the standard appeariDl on the left (A,) or right (BJ) of a fixation
point (Experiment 2: right-handed subjects responding with crossed
arms).
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p < .()()() I J, thus confirming the corresponding interac­
tion in Experiment I .

GENERAL DISCUSSION

Since the results in Figures 2 and 3 differ, the interpretationof a motor­
pathway preference as a source of space errors is corroborated. If this
preference is real, some other factor must also be operative . In fact,
the relative vertical displacements of the PSE functions in Figure 2 may
be interpreted as the effect of two concurrent factors: a motor-pathway
preference and an intentional bias toward one visual hemifield. For ex­
ample, in right-handed subjects, the response frequency of the left hand
would be increased due to both a left motor-pathway preference and
an intentional bias to respond toward the left visual hemifield. When
right-handed subjects cross their arms , the effects of these two factors
would balance (Figure 3).

At this stage of research, we can conclude with confidence only that
the base for space errors is in the response system. Further research
is especially needed to ascertain the role of intention and its possible
bias in space errors .

jects, and (2) that, contrary to the results in Figure Ib,
the PSE functions for the Ss on the right have a greater
slope.

This .second result suggests a new factor in space er­
rors. No attempt at explaining this factor will be made
here , considering the complex and partly unknown re­
ciprocal influences of the attentional and intentional sys­
tems (Verfaellie & Heilman, 1990).

Discussion
The results in Figures Ib and 2 were obtained from two experiments

carried out with the same stimuli, comparat ive responses, and proce­
dures, but with different motor pathways: verbal and manual, respec­
tively. Thus , it seems likely that the base for space errors is in the
response system. Presumably, the results in Figure 2 are due to a motor­
pathway preference .

Experiment I was repeated with right-handed subjects now required
to respond with crossed arms . If space errors are caused by a motor­
pathway preference, the results for the right-handed subjects in Experi­
ments I and 2 should differ .

EXPERIMENT 2

Method
Subjects. Subjects were 20 new right-handed students-4 males and

16 females recruited as in Experiment I.
StimulI. The stimuli were the same as those in Experiment I.
Procedure. The same keyboard keys as those in Experiment I were

used for responding . The procedure was the same as that in Experi­
ment I, except that now the subjects had to cross their arms so that the
right (left) index finger was placed on the leftmost (rightmost) key. Dur­
ing the experiment, half the subjects had the right arm on the left arm.
and the other half had the left arm on the right arm. The task was to
press the left (right) key with the right (left) index finger when the longer
line on the display screen was on the subject's left (right) .

Results
In Figure 3, the means of 120 individual PSEs are

shown as a function of i or i . for left (Ai, open circles)
and right (Bj , filled circles) Ss. A 2 (position of S) X 5
(value of S) ANOVA with six replicates showed that the
main effects due to position of S were nonsignificant
[F(l,I9) = .12]. The interaction between position of S
and value of S was significant [F(4,76) = 53.5,

REFERENCES

DoUGHTY. J. H. (1949). The effectof psychophysical method and context
on pitch and loudness functions. Journal of Experimental Psychol­
ogy , 39 , 729-745.

FECHNER, G. T. (1860) . Elemente der Psychoph ysik , Leipzig: Breit­
kopf & Hanel.

FECHNER, G. T. (1882). Revision der Psychophysik , Leipzig: Breitkopf
& Hanel.

GUILFORD, J. P. (1954) . Psychometric methods , New York:
McGraw-HilI.

HAMPSON , E., <l KIM URA, D. (1984). Hand movement asymmetries dur­
ing verbal and nonverbal tasks. Canadian Journal ofPsychology, 38,
102-125 .

HELlSTROM, A. (1985). The time-order error and its relatives: Mirrors
of cognitive processes in comparing . Psychological Bulktin. 97, 35-61.

MASIN, S. C. (1987). Different biases in the methods of constant and
single stimuli. Bulletin of the Psychonomic Society, 25, 379-382 .

MASIN. S. C. (1989). A simplified version of the method of transitions.
Perceptual and Motor Skills, 68, 131-135.

MASIN, S. c. . <l AGOSTINI , A. (1990) . Time errors in the method of
pair comparisons . American Journal of Psychology, 103, 487-494.

MASIN , S. C., <l AGOSTINI, A. (l99\) . Anentional scanning and space
errors . Manuscript submitted for publication.

MASIN, S. C., <l FANTON, V. (1989). An explanationfor the presentation­
order effect in the method of constant stimuli. Perception & Psycho­
physics, 46, 483-486 .

MASIN , S. C., FANTON, V., <l CRESTONI, L. (1988) . An experimental
study of the asymmetry effect in the method of constant stimuli . Psy­
chological Research, SO, 181-182.

NEEDHAM, J. G. (1934). The time-error in comparison judgments. Psy­
cho logical Bulletin, 31 , 229-243 .

OLDFIELD. R. C. (1971) . The assessment and analysis of handedness:
The Edinburgh inventory. Neuropsychologia, 9, 97-113.

RESTLE, F. (1961). Psychology ofjudgment and choi ce: If theoretical
essay . New York: Wiley.

SANDUSKY, A. (1974). Memory processes andjudgmenl. In E. C. Car­
terette & M. P. Friedman (Eds .), Handbook ofperception (Vol. 2,
pp. 61-83). New York: Academic Press.

VERFAELUE, M., <l HEILMAN, K. M. (1990). Hemispheric asymmetries
in attentionalcontrol: Implications for hand preference in sensorimotor
tasks. Brain & Cognition , 14, 70-80.

WOODWORTH, R. S. , <l SCHLOSBERG, H. (1954). Experimental psychol­
ogy. New York: Holt.

WUNSCHER, T., JORDAN , K., GILLE , H.-G ., <l ROTH, N. (1990). A
new approach to cerebral asymmetry: RT differences in simultaneous
bimanual finger movement during verbal and nonverbal tasks . Per­
ceptual & Motor Skills, 70, 543-548 .

(Manuscript received December 10, 1990.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




