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Anxiety, imagery, and sensory interference 
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Recently it has been suggested that high-anxious subjects do not process words as extensively as 
low-anxious subjects. Within the levels-of-processing models of memory, this suggests that high-anxious 
subjects focus on the sensory aspects of verbal material (graphic and phonetic), while low-anxious 
subjects organize their learning around semantic features. High and low trait anxious subjects were given 
a paired-associate task involving words that were high or low in sensory similarity, and they were given 
either an effective learning strategy, interaction imagery, or a poor one, repetition. State anxiety 
measures also were obtained. The results suggest that: (1) The differences in performance between high 
and low trait anxious subjects are nearly eliminated by an effective strategy such as interaction imagery; 
(2) high state anxious subjects are more impaired by high similarity than are low state anxious subjects. 

The detrimental effects of anxiety on complex cog
nitive tasks are well documented (Spielberger, 1966), 
but little is known about the manner in which anxiety 
impairs performance. A recent attempt to investigate the 
effects of anxiety on cognitive processes relates this state 
to levels-of-processing models of human memory. These 
models postulate that words are represented in memory 
as complexes of independent features, including 
phonetic, graphic, associative, semantic, and imaginal 
(e.g., Bower, 1967; Wickens, 1970). This notion has 
been extended to include the idea that these features can 
be placed in a continuum ranging from sensory features 
(graphic and phonetic) to meaning features (associative, 
semantic, or imaginal). Presumably, a different level of 
coding is involved in the processing of meaning repre
sentations than in the processing of sensory representa
tions (e.g. Craik & Lockhart, 1972; Nelson, Wheeler, 
Borden, & Brooks, 1974; Posner & Warren, 1972). Re
cent evidence suggests that anxiety may influence the 
level of processing which is achieved (Schwartz, 1975; 
Mueller, Note 1). High-anxious subjects do not appear 
to process words as extensively as low-anxious subjects. 
They may, for example, attend to task-irrelevant cues 
or they may perseverate on some idiosyncratically 
salient attribute, thereby preventing the processing of 
other attributes. This limited processing could lead to a 
reduction in the encoding of meaning attributes with a 
corresponding increased focus on sensory attributes. 
F or example, in a paired-associates task, high-arousal 
subjects make more errors when the response words are 
phonetically similar than when they are semantically 
similar. Subjects low in arousal exhibit the opposite pat
tern of performance (Schwartz, 1975). Similar trends 
are reported by Mueller (Note 1). 
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The present experiment was designed to investigate 
the relationship between anxiety and cognitive process
ing. High and low trait anxious subjects were selected 
on the basis of the ST AI (State Trait Anxiety Inven
tory, A-Trait Scale). In addition, two state anxiety 
measurements were taken during the experiment in an 
attempt to measure the actual amount of anxiety 
present (STAI, A-State Scale). Thus, anxiety is measured 
as a trait and a state characteristic. According to 
Spielberger's (1966) analysis, trait anxiety is a personal
ity disposition which causes the individual to experience 
this state anxious condition with greater frequency than 
others. State anxiety is the unpleasant feeling of ten
sion and apprehension that occurs when an individual 
interprets specific situations as personally threatening. 

Each subject learned a paired-associate list composed 
of pairs of words that were high in rated imagery value. 
The stimulus words of these lists were similar or dis
similar in graphic-phonetic attributes, and the instruc
tions provided the subjects either with an effective 
learning strategy, interaction imagery, or with a poor 
one, repetition. If differential attention to the sensory 
attributes of words is one consequence of anxiety, the 
performance 'of more highly anxious subjects should be 
more impaired by graphic-phonetic stimulus similarity 
than that of less anxious subjects. In addition, if highly 
anxious subjects are less likely to spontaneously use 
semantic or imaginal attributes in organizing their learn
ing, then an instructional set that orients subjects toward 
imaginal processing may be of more help to high- than to 
low-anxious subjects. With an effective learning strategy, 
the deleterious effects of anxiety may no longer be 
apparent. 

METHOD 

Experimental Design 
The experiment involved three between-subject variables, 

similarity, instructional set, and trait anxiety. Stimulus words 
were either high or low in formal similarity; and half of the 
subjects were given imagery instructions and half were given 
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repetition instructions. For the trait anxiety variable, high and 
low trait anxious subjects were selected on the basis of STAI 
A-Trait scores. 

SUbjects 
One hundred and twenty-eight students from the Introduc

tion to Psychology course at the University of South Florida 
served as subjects, with 16 subjects assigned to each of the eight 
experimental conditions. Participation was voluntary, although 
extra credit points were given. Each subject· was given a 
State-Trait Anxiety Inventory, A-Trait Scale (Spielberger, 
Gorsuch, & Lushene, 1970) as part of a battery of tests routinely 
administered to the introductory psychology class. Two extreme 
groups were selected, those whose STAI A-Trait scores fell 
within the upper 25% of the class (high trait anxious group) and 
those with ST AI A-Trait scores in the lower 25% of the class 
(low trait anxious group). 

Verbal Material 
There were two comparable lists of high-similarity concrete 

word pairs (cf. Nelson, Wheeler, & Brooks, 1976). In the 
high-similarity conditions all the word stimuli within a list shared 
the first two letters; and, in addition, each list of 20 words was 
divided into five sets of four words which also shared terminal 
letters. In the low-similarity lists, stimulus words were chosen to 
be as different as possible from each other in gJ;aphic and 
phonetic similarity. All responses were taken from the Paivio, 
Yuille, and Madigan (1968) imagery and concreteness norms. 
Both high- and low-similarity lists were composed of high
imagery word pairs and were equated with respect to imagery 
value using procedures employed by Paivio et al. 

Procedure 
Practice was by the study-test method, with all subjects 

continuing the task until they reached a criterion of two 
errorless trials. On the study tr.ials, each word pair was presented 
for 3 sec. The test trials were self-paced and each subject was 
required to pronounce the stimulus before anticipating the 
response. Guessing was encouraged but not required. A Kodak 
Carousel projector was used to present slides of all items, with an 
auxiliary timer used to control all timing operations. All the 
slides were arranged in an unsystematically varied order, but in 
order to minimize recency effects, at least four slides appeared 
between any pair and the corresponding stimulus test slide. 

All instructions were taped and were presented over an 
intercom system in order to keep the interaction between 
subject and experimenter as consistent as possible across all 
conditions. The initial instructions described the nature of the 
experiment, the study-test procedure, and, in addition, specified 
a "most efficient" strategy for learning the word pairs. The 
subjects in the imagery condition were told to construct a 
mental picture or image containing both of the words in the 
pair, so that the images formed for each of the words inter
acted together. Several examples illustrating this concept were 
provided and each subject was asked to describe his image for 
several word pairs. The subjects given repetition instructions 

were told to repeat the words aloud, over and over again. 
Following these instructions all groups completed the state scale 
of the STAI. This frrst measure, State-I, was intended to assess 
each subject's state anxiety level as he entered the experimental 
task. Following the completion of the STAI, all subjects were 
given a short practice task to insure their understanding of the 
instructions. Further instructions were given to subjects whose 
behavior did not initially conform to their condition. All sub
jects were then presented the experimental task. As soon as the 
criterion level of learning was reached, all subjects again 
completed the ST AI A-State Scale. This second administration, 
State-2, was used in an attempt to measure anxiety experienced 
over the task. Admittedly, this measure is imprecise, for state 
anxiety levels may have fluctuated considerably from the initial 
study trials to the later study trials. The use of a global retro
spective measure was based on a desire to preserve the experi
mental task as intact as possible. 

RESULTS 

Table 1 presents the mean total errors (and standard 
deviations) per subject as a function of the principal con
ditions. Comparison of these values indicated that high 
similarity produced interference in all conditions, that 
an imagery strategy improved performance relative to a 
repetition strategy, and that high trait anxiety impaired 
performance in all conditions relative to low trait 
anxiety. Comparisons of the values shown along the 
bottom row of Table 1 suggest that the performances of 
high and low trait anxious subjects were numerically 
comparable under the imagery strategy. By contrast, the 
relative performance of high trait anxious subjects was 
obviously impaired under repetition strategy. An 
analysis of variance showed that main effects of Sim
ilarity [F(I ,120) = 6.26] , Instructional Set [F(I ,120) = 
22.16], and Trait Anxiety [F(I ,120) = 4.24] were all 
reliable (at least p < .05). However, no interaction 
effects were significant. 

Because of the large degree of difference in variance 
associated with the similarity variable, the low-similarity 
and high-similarity data were analyzed separately. 
Analysis of the low-similarity conditions indicated that 
main effects of Trait Anxiety [F(I ,60) = 5.46] and of 
Instructional Set [F(I,60) = 15.21] were found to be 
Significant at p < .05. The Anxiety by Instructional Set 
interaction [F(l ,60) = 3.78] approached the criterion 
for significance, p < .056, suggesting that the imagery in
structions attenuated errors generated by high anxiety. 
Inspection of the top row of Table 1 shows that the 

Table I 
Mean Total Errors (Standard Deviation) per Subject as a Function of Instructional Set, Similarity, and Trait Anxiety 

Imagery Instructions Repetition Instructions 

Low High Low High 
Anxious Anxious Anxious Anxious 

High Similarity 17.75 22.88 37.81 49.50 
(16.34) (20.30) (17.54) (43.98) 

Low Similarity 16.63 17.75 22.25 34.56 
( 9.69) (10.54) ( 8.20) (16.03) 

Mean 17.19 20.32 30.03 42.03 
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Table 2 
Mean Total Errors (Standard Deviation) Per Subject as a Function of Instructional Set, Similarity, Trait Anxiet).', and State Anxiety 

Imagery Instructions 

Low High 
Trait Trait 

Anxious Anxious 
----------

Low State Anxious 

High Similarity 7.63 16.50 
( 3.66) (12.49) 

Low Similarity 19.25 15.50 
( 9.44) ( 7.(5) 

High State Anxious 

High Similarity 27.88 29.25 
(18.02) (25.18) 

Low Similiarity 14.00 20.00 
( 9.83) (13.24) 

same pattern of errors existed in the high-similarity data. 
However, when an analysis of variance was performed, 
only a main effect of Instructional Set [F(I ,60) = 11.94] 
was significant at p < .05. 

Following the analysis of the effect of trait anxiety, 
the data were reanalyzed, with state anxiety measures 
taken into account. Within each condition a median split 
was made based on the state anxiety scores, so that low 
and high state scores refer to a classification within the 
trait scores. This breakdown created four anxiety 
groups: low trait anxious subjects with low state 
anxiety, low trait anxious subjects with high state 
anxiety, etc. This type of breakdown was first made 
using the state anxiety scores taken before the experi
ment was begun, State-I measures. The results were 
identical to those obtained from the initial analysis. The 
state anxiety measures reflecting anxiety during the ex
periment were similarly analyzed, State-2. Table 2 pro
vides the mean total errors and standard deviations per 
subject as a function of each condition. In addition to 
reconfirming the effects of the other variables, this 
analysis indicated that the state anxiety of the indiv
idual also appeared important. As shown in the last col
umn of Table 2, the performance of high state anxious 
subjects was more affected by the Similarity variable 
than was the performance of low anxious subjects. Main 
effects of Similarity [F(I ,112) = 6.49], Instructional 
Set [F(I,112) = 22.96], Trait Anxiety [F{1,112) = 
4.39], and State Anxiety [F(1 ,112) = 3.87] were all 
Significant at p < .05. The Similarity by State Anxiety 
interaction [F(1 ,112) = 3.87] approaches the criterion 
for significance, p < .053. No other interactions 
emerged. 

DISCUSSION 

High levels of anxiety reliably impaired performance on this 
task and, as noted in the introduction, this finding is consistent 
with the existing literature. These data provide weak evidence 
for the hypothesized relationships between anxiety and cognitive 
processing. High state anxious subjects are more impaired by 
high similarity than are low-anxious subjects. In addition, an ef
fective learning strategy like interaction imagery attenuates the 

Repetition Instructions 
--------------

Low Hi!!h 
Trait Trait 

Anxious Anxious Mean 

33.75 37.88 23.94 
(20.13) (27.09) 
21.88 30.75 21.84 

(l 0.44) ( 6.56) 

41.88 61.13 40.00 
04.70) (55.70) 
22.63 38.38 23.75 

( 5.90) (21.78) 

differences in performance between high and low traIt anxious 
subjects, differences that are apparent when a poor strategy like 
repetition is used. The efficiency of imagery instructions in re
ducing the recall deficit of high-anxious subjects should be given 
special notice because of its importance in applied settings. 
Anxious subjects, when given an efficient learning strategy, can 
perform at levels comparable to low-anxious subjects, even in a 
relatively complicated task. 

These findings are consistent with the results obtained by 
Mueller and Schwartz. The major theoretical component of their 
approach is based on levels-of-processing models, which princip
ally assume that words possess many attributes and that these 
attributes are coded at different levels of memory. The work of 
Nelson et al. (1974) suggests that graphic and phonetic informa
tion is coded rapidly, while other attributes, semantic and 
imaginal. for example, require more processing time and repre
sent a different level of processing. Mueller and Schwartz each 
suggest that high-anxious subjects, for as yet unspecified reasons: 
(I) tend to focus on graphic-phonetic word attributes, and 
(2) are impaired in the processing of semantic or imaginal word 
attributes. These data provide weak support for their observa
tions. 

There is one methodological issue raised by the experiment. 
The present study suggests that trait anxiety measures may be 
sufficient for the selection of groups and, as indicated by the 
interaction of instructional set and trait anxiety, these measures 
may provide some important information about individual dif
ferences in cognition. Nevertheless, a significant amount of noise 
may be generated when low trait anxious subjects become highly 
anxious in the experimental context or when high trait anxious 
subjects fail to be so aroused. For this reason, the anxiety 
present during the task itself should be measured as a standard 
procedure. 

REFERENCE NOTE 

I. Mueller. J. H. Subject dijJerences in breadth ot" encoding 
in memory. Paper presented at annual meeting of th~ American 
Psychological Association, New Orleans, September 2, 1974. 

REFERENCES 

BOWER. G. H. A mUlticomponent theory of the memory tracc. 
In K. W. Spence & J. T. Spence (Eds.). The psychology of 
leamillg and motivation (Yol. I). New York: Academic 
Press. 1907. 

CRAIK. F. M .. & LOCKHART. R. S. Levels of processing: A 
framework for memory research. Journal of Verbal Leaming 
and Verbal Behavior, 1972, 11,671-684. 



322 EDMUNSON AND NELSON 

GOULET. L. R. Anxiety (drive) and verbal learning: Implications 
for research and some methodological considerations. 
Psychological Bul/etin. 1%8, 69, 235-247. 

NELSON. D. L.. WHEELER, J. W., BORDEN, R. c., & BROOKS, 
D. H. Levels of processing and cuing: Sensory VS. meaning 
features. Journal of Experimental Psychology, 1974, 1m, 
971·977. 

NELSON. D. L., WHEELER, J. W., & BROOKS, D. H. Meaning 
and the elimination of sensory interference. Journal of 
Experimental Psychology, 1976, 2,95-102. 

PAIVIO. A .• YUILLE. J. C .• & MADIGAN, S. Concreteness, 
imagery and meaningfulness values for 925 nouns. Jourrwl 
of Experimelltal Psychology Monograph Supplement, 
1 %8. 76. Pt. 2. 

POSNER. M. I., & WARREN, R. E. Traces, concepts and 
conscious constructions. In A. W. Melton & E. Martin (Eds.), 

Coding processes in human memory. Washington, D.C: 
Winston, 1972. 

SCHWARTZ, S. Individual differences in cognition: Some 
relationships between personality and memory. Journal of 
Research ill Personality. 1975. 9. 217-225. 

SPIELBERGER, C. D. (Ed.). Anxiety and behavior, New York: 
Academic Press, 1966. 

SPIELBERGER, C. D., GORSUCH. P., & LUSHENE, R. State trait 
anxiety inventory: Preliminary test manual. Palo Alto, Calif: 
ConSUlting Psychologist Press, 1969. 

WICKENS. D. D. Encoding categories of words: An impirical 
approach to meaning. Psychological Review, 1970, 77, 1-15. 

(Received for publication June 21, 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




