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Are visually presented one-syllable 
words integral stimuli? 
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Subjects discriminated between sequences of four letters on the basis of the initial letter (a uP" or an 
"R"). Sequences formed one-syllable words or unpronounceable nonwords. All subjects performed 
four different discriminations (word simple, word filtering, nonword simple, and nonword filtering). 
Simple discriminations were based on the first letter of a sequence, with all other letters held constant. 
Filtering tasks required the same discrimination, but also varied the third letter (variation in only the first 
letter was relevant to response selection). Results showed no differences between any condition in either 
reaction time or error rate, suggesting that both monosyllabic words and unpronounceable letter 
sequences were processed by their component letters. Results are consistent with suggestions that 
unitization differences between visually presented pronounceable and unpronounceable letter sequences 
may be due to phonemic recoding. 

Spoehr and Smith (1973), investigating tachistoscopic 
recognition of letter sequences, showed that responses 
are more accurate when letters form words than when 
they form random sequences. This is a common fmding 
that will be referred to herein as the "word superiority 
effect" (WSE). [The reader is referred to Krueger's 
(1975) recent review of this area.] Spoehr and Smith 
suggested that the WSE is found because pronounceable 
letter sequences are processed in multiletter perceptual 
units, while unpronounceable sequences are analyzed 
letter by letter. Thus, the WSE is caused by a differ­
entiation between words and nonwords in an early 
"unitization" process, with measured performance 
differences due to the size of the respective perceptual 
units. 

Silverman (1976) tested the Spoehr and Smith 
(1973) theory by attempting empirical measurement of 
the perceptual unit size for words and nonwords. The 
method employed was based on Garner's (1974) defmi­
tions of integral and separable stimuli. (Garner ~ug­
gested that some stimuli are processed as single units, 
and called these integral stimuli. In contrast, separable 
stimuli are analyzed by their component units, or 
features. As a first approximation, these concepts served 
to define tasks sensitive to unitization differences.) 

Garner pointed out several empirical properties that 
will differentiate between integal and separable stimuli. 
One can be observed in two-choice discrimination tasks 
(e.g., Biederman & Checkosky, 1970). When integral 
stimuli are processed and the subjects' task is to dis­
criminate between two possible alternatives differing on 
either one or two relevant dimensions, performance will 
be better for pairings differing on two dimensions than 
for those differing on a single dimension. This per­
formance improvement, termed a redundancy gain, will 
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not occur when separable stimuli are processed; Garner's 
framework predicts that, given separable stimuli, dis­
criminations between pairs differing on two dimensions 
should be no better than the easier, yet no worse than 
the more difficult unidimensional discrimination. 

To see if one-syllable words are processed as single 
units, Silverman (1976) modified the Biederman and 
Checkosky (1970) speeded discrimination method for 
use with letter sequence stimuli. A letter was arbitrarily 
defined as a feature, and subjects were required to 
discriminate between two sequences differing in either 
one or two letters. Results showed: (1) no difference 
between words and nonwords when discriminations 
were based on a single letter [replicating earlier results 
(e.g., Massaro, 1973), where subjects knew the locus of 
critical information before test trials]; (2) no redun­
dancy gain for nonword discriminations differing in two 
letters; and (3) a redundancy gain for word discrimina­
tions differing on two letters. This pattern of results 
implies that nonwords were processed letter by letter, 
while one-syllable words were processed as units, and is 
consistent with the Spoehr and Smith (1973) theory. 

An additional contrast also suggested that one­
syllable words may be integral stimuli (Silverman, 
1976). Gottwald and Garner (1975) showed that a 
performance advantage favoring integral over separable 
stimuli occurs in a condensation task (Fitts & Biederman, 
1965), where no single stimulus dimension furnishes 
sufficient task-relevant information for correct per­
formance. This advantage occurs although individual 
feature discriminability is matched for the two stimulus 
types. Silverman found this predicted performance 
difference between words and nonwords. 

While the data summarized above imply that one­
syllable words are integral stimuli and nonwords are 
separable stimuli, there are problems with this hy­
pothesis. A great deal of evidence suggests that stimuli 
consisting of features separated spatially (as are the 
components of printed letter sequences) are separable 
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stimuli (e.g., Lockhead, 1966). Therefore, before the 
words can be identified as integral stimuli, further 
evidence of systematic word-nonword performance 
differences should be deomonstrated within the Garner 
(1974) framework. 

The integral-separable distinction is based on an 
empirical system of converging operations. The differ­
ential redundancy gains described above and the per­
formance difference in the condensation task are two of 
these operations. A third measurable difference between 
integral and separable stimuli occurs in a fIltering task 
(Fitts & Biederman, 1965), where subjects must dis­
regard variation in an irrelevant dimension in order to 
maximize performance. Subjects have no difficulty 
doing this when presented with separable stimuli, but 
cannot effectively fIlter irrelevant information when 
discriminating between integral stimuli. The present 
experiment was designed to detect differential inter­
ference between words and nonwords in a fIltering task. 
If one-syllable words are integral stimuli and non words 
are separable stimuli, results should show: (1) no word­
nonword differences when discriminations are based on 
a single letter; (2) no difference between fIltering and 
simple discriminations for nonwords; and (3) poorer 
performance in the fIltering task for words. In contrast, 
if the words are separable stimuli, there should be no 
ftitering task interference for either stimulus category. 

METHOD 

The stimuli, apparatus, and procedure are described in 
detail elsewhere (Silverman, 1976). Below is a summary of the 
method. 

The stimuli were strings of four letters. For the word condi­
tion the stimuli were PAPE, PARE, RAPE, and RARE. The 
nonwords were formed by substituting consonants for the 
vowels of the words. Consonants were chosen to maximize 
the visual similarity between the word and nonward stimuli 
(as judged by three independent raters) . The nonwords ~ere 
PXPF PXRF RXPF and RXRF. All stimuli were presented m a 
two-channel 'tachist~scope and subtended horizontal visual 
angles of I deg 4 min when viewed by subjects. . 

Eight adults participated as subjects. All had prevIOUS ex­
perience as subjects in reaction time (RT) tasks similar in pro­
cedure to the present experiment. Each subject viewed four 
blocks of test trials, preceded by a block of 10 practice trials. 
Each condition consisted of a block of 36 trials, rAndomly 
ordered, the fust 12 counting as additional practice. Subjects 
discriminated between PAPE and RAPE in the practice block. 
For the word-simple discrimination, subjects discriminated 
between PARE and RARE. For the word-filtering discrimina­
tion, subjects responded with one hand if shown PARE ~r P APE 
and with the other if shown RARE or RAPE. Requued per­
formance for nonwords was analogous to the word condition. 

Subjects viewed all four test blocks. Block order was counter­
balanced in a Latin square design. An experimental session lasted 
approximately 25 min. (Only "first-letter" simple and mte~ing 
conditions were used in this design, as evidence for or agamst 
interference in this task is sufficient for making the integral-
separable distinction.) . 

Each trial consisted of: (1) a verbal ready signal; (2) the 
onset of a I.OOO-sec warning stimulus (a rectangle surrounding 
the area where the stimulus was to appear), which also func­
tioned as a fixation field; (3) the onset of the stimulus (either 
an "X" or "0" for practice trials and one of the letter sequences 

for experimental trials) for 30 msec; (4) the offset of the stim­
ulus followed by a dark field; (5) the depression of one of the 
two response keys, stopping an electronic counter and recording 
the subject's RT (to the nearest millisecond) and response; and 
(6) the positioning of the next stimulus. No feedback was given 
during the intertrial interval, which was approximately 3 sec. 
This procedure minimized subjects' temporal; positional, and 
featural uncertainty, eliminated stimulus scanning eye move­
ments, and presented subjects with an easily identifted, non­
degraded stimulus. 

RESULTS AND DISCUSSION 

The results are given in Table 1. Each RT represents 
the mean of the individual subjects' median RT for that 
condition. Analyses of variance for the RT and error 
rate data showed no significant main effects or inter­
actions. 

The total absence of interference in the word-fIltering 
task suggests that visually presented one-syllable words 
are not integral stimuli.) The slight trend in the data 
was opposite to theoretical predictions based on an 
integral-separable distinction between the word-nonword 
stimulus categories. Results indicate that both pro­
nounceable and unpronounceable sequences must be 
separable stimuli as defmed in Garner's framework. 

In light of the present data, the earlier results ob­
tained by Silverman (1976) raise an· interesting question. 
Are responses selected on the basis of visual or phonemic 
analysis? The present failure to fmd any evidence of 
interference for words in the fIltering task suggests 
that some processing option allowed for the redundancy 
gains found for words in the earlier experiments 
(Silverman, 1976). (Garner allows no processing options 
with integral stimuli.) Based on visual mechanisms, 
there is no obvious processing option that results in 
redundancy gains only for words. However, a likely 
option involves a visual to phonemic recoding, with 
subjects processing "units" that maximize subjective 
efficiency. Such a scheme predicts that one-syllable 
words can be processed as single units, and is described 
in detail by Spoehr and Smith (1975). This description 
of information flow is also compatible with the Garner 
(1974) theory. 

The question raised here involves the predictability 
of task nature (Le., predominantly visual or phonemic). 
Estes (1975) proposed that response selection should be 
based on visual processing when observers know what 
critical visual features to scan for before stimulus 
presentation, and efficient performance can result from 
visual analysis. The Silverman (1976) procedure not only 

Table 1 
Mean RTs (Milliseconds) and Error Rates for the Various 

Experimental Conditions 

Discrimination 

Simple 
Filtering 

RT % Error 

Words Nonwords Words Nonwords 

497 495 3.1 5.7 
492 502 5.7 8.8 



gave subjects advance knowledge of the critical features, 
but also minimized positional uncertainty by holding 
critical item location constant for an entire test block. 
Therefore, the Estes model predicts that processing in 
the experiments showing redundancy gains for words 
should be visual. Such a prediction is both feasible and 
intuitively logical but, given the data, tends to conflict 
with Gamer's framework. It therefore seems necessary 
to either modify the conditions where redundancy gains 
can occur given separable stimuli, or concede that ac­
curately predicting the level of analysis preceding 
response selection when subjects process visually pre­
sented letter sequences is a much more difficult task 
than Estes (1975) suggests. 
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NOTE 

1. Acceptance of a null hypothesis is a risky business; how­
ever, the Garner (1974) framework is quite explicit in requiring 
the presence of filtering task interference for stimuli to be 
classified as integra\. Nevertheless, the experiment was replicated 
using different letter sequences and a speeded card sorting 
task (e.g., Garner & Felfoldy, 1970), with results showing the 
same pattern as those reported herein. 

(Received for publication September 3,1976.) 



<<
  /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




