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Spacing, mirror-image repetition, and 
memory for pictures 
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Two incidental-learning experiments investigated the joint effects of spacing and mirror
image repetition on memory for pictures. In Experiment 1, the second presentation of a picture 
(p}) was always the mirror-image reversal of P,. The effect of p,-p} spacing on memory was small 
and not statistically significant. In Experiment 2, both "reverse P/' and "identical P/' condi
tions were included. A reliable spacing effect was found in both conditions, but the effect was 
greatly attenuated when p} was the mirror-image reversal of P,. This attenuation, resulting 
from mirror-image reversal, contrasts with the lack of attenuation resulting from switching the 
input modality of a word from P, to p}. The result suggests that the left-right arrangement of 
elements of a picture is a fundamental aspect of the picture's encoding in memory. 

The effect on memory of the spacing of repetitions is 
well established: As the interval between presentations 
of an item increases from 0 to approximately 15 sec, 
long-term retention of the item improves. This general 
result is obtained using a wide variety of materials and 
experimental paradigms (Hintzman, 1974, 1976). 

An intriguing variation on the spacing experiment is 
one in which the second presentation (Pl) is not identi
cal to the first (Pd, but is related to it in some prede. 
termined way. The results of such experiments are 
highly variable. If PI and P1 are the same word present
ed in different sensory modalities, the normal spacing 
effect is found, and its magnitude is apparently unaffect
ed (Hintzman, Block, & Summers, 1973; Wells & 
Kirsner, 1974). If PI and P2 are the same concept, 
presented to bilinguals in two different languages, the 
spacing effect largely disappears (Glanzer & Duarte, 
1971). If PI and P2 are associatively related words, the 
spacing effect is reversed (Glanzer, 1969; Hintzman, 
Summers, & Block, 1975a; Jacoby & Hendricks, 1973) 
-that is, short spacings produce better retention than 
do long spacings. And there is some suggestion that 
when a verbal and a pictorial representation of the same 
concept serve as PI and P2 , the same kind of reverse 
spacing effect occurs (paivio, 1974). 

This paper reports another manipulation of the rela
tionship between P I and P 2 that alters the effects of 
spacing. Stimuli were color photographs (vacation 
slides), and P2 was the mirror-image reversal of PI. As 
a result of mirror-image repetition, the spacing effect 
was greatly attenuated. 

This research was supported by Grant GB-40360 from the 
National Science Foundation. Requests for reprints should be 
addressed to Douglas L. Hintzman, Psychology Department, 
University of Oregon, Eugene, Oregon 97403. 

EXPERIMENT 1 

The original purpose of this experiment was to pro· 
vide additional evidence regarding the locus of the 
spacing effect. Hintzman et al. (1973) presented PI and 
P2 of words in different modalities, and inferred from 
later modality judgments that it is the encoding of P2 

rather than PI that suffers when P1 -P2 spacings are 
short. The intent here was to confirm this conclusion 
using pictures as experimental materials and using 
tagging by left-right orientation in place of tagging by 
modality as a means of differentiating memory of PI 
from memory of P2 • 

Method 
Materials and design. Stimuli were color transparencies of 

vacation scenes. Pictures with a high degree of right-left sym
metry and those in which words or numbers could be read were 
not used. The continuous study series was presented using two 
80-slide trays. The ftrst 15 and last 5 slides of Tray 1 and the 
fust and last 10 of Tray 2 were filler items. The experimental 
slides were arranged in six blocks, each including four frequency 
(F) = 1 and eight F = 2 pictures. Two of the latter were repeated 
at each of four spacings: 0,1,3, and 7 intervening slides. For all 
F = 2 pictures, P 2 was the mirror-image reversal of P, . 

The test series consisted of 96 randomly ordered slides: the 
24 F = 1 and 48 F = 2 pictures from the study series, together 
with 24 F = 0 pictures that had not been presented before. Of 
the F = 1 pictures, two from each presentation block were tested 
in the orientation in which they had been seen originally, and 
two were reversed. Of the two F = 2 pictures/block assigned to 
each level of spacing, one was presented on the test in the PI 
orientation and one in the P 1 orientation. 

Subjects and procedure; Subjects were 43 paid volunteers, 
mostly University of Oregon students, tested in groups of from 
8 to 13 subjects each. Between groups, pictures were rotated 
between the F = 0 and F = 1 conditions, and F = 2 pictures were 
rotated through the four spacings. 

Subjects were not told beforehand that a memory test would 
be given. As an orientation task, they were required to give aes
thetic judgments. The study series was presented using a Kodak 
Carousel projector paced by a timer at a 4-sec rate, and subjects 

321 



322 HINTZMAN AND STERN 

indicated their aesthetic feelings about each slide by marking 
+ or - in the corresponding blank on a judgment form. The 
blanks were numbered 1-160, and the experimenter indicated 
aloud the number of every 10th slide. 

Following the study series, each subject was given an orienta
tion judgment form. On it were listed the numbers 1-96, with 
each number followed by the letters N, S, and R. Subjects were 
instructed to respond to each test slide by circling N if the 
picture was new, S if it had been seen before in the same orienta
tion, R if it had been seen in the reverse orientation, and both S 
and R if it had been seen in both orientations. The 96 test 
pictures were then presented at an 8-sec rate. 

Results 
Orientation judgments were transformed into fre

quency judgments by coding response N as 0, S or R as 
1, and both Sand R as 2. The mean frequency judgment 
for Condition F = 0 was .OS . Means for the other condi
tions are shown in Figure 1. The means for F = 1 
pictures tested in the same and reverse orientations did 
not differ significantly [t(42) = .65, p > .05]. An analy
sis of variance using planned comparisons was carried 
out on the judgments made to F = 2 pictures (overall 
MSe = .073). Comparison coefficients used to test for 
effects of spacing were -3, -1, +2, and +2 for spacings 
of 0, I, 3, and 7 items, respectively. Neither spacing, nor 
Pl vs. P2 test orientation, nor the interaction between 
the two factors was significant [F(1,42) = 2.51, 4.01, 
and 2.75, all ps > .05] . 

Subjects' same (S) and reverse (R) judgments made to 
F = 1 pictures were fairly accurate. Taking only the 
pictures subjects said occurred once (an S or an R 
judgment), an average of 77% of the judgments were 
correct. There was, however, a strong tendency to circle 
S. For same-orientation pictures, S judgments were made 
94% of the time; for reverse-orientation pictures, R 
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Figure 1. Mean derived frequency judgments from Experi
ment 1. 

judgments were made only 60% of the time. Both the 
tendency to give S and its interaction with test orienta
tion were highly significant [F(1,16S) = 134 and 323, 
respectively, both ps < .001] . 

Sand R judgments made to F = 2 pictures were 
analyzed in an attempt to determine whether PI or P2 

suffered more in retention from short PI -f>2 spacings. 
There were only two statistically significant outcomes: 
As with F = 1 pictures, subjects tended to give S more 
often than R (69% vs. 31% of the time) [t(42) = 9.29, 
P < .001] , and this tendency was stronger when the test 
orientation matched Pl than when it matched P2 

[t(42) = 2.14, p < .05]. The effect of spacing did not 
significantly interact with this tendency, which is not 
surprising given that spacing had no significant effect on 
judged frequency. 

EXPERIMENT 2 

The lack of a significant spacing effect in Experi
ment 1 is striking when one considers how powerful the 
effect has been in past studies using pictures (e.g., 
Hintzman, Summers, & Block, 1975b). It seems likely 
that the reversal of pictures on P2 was responsible for 
this result. However, Experiment 1 differed from 
previous spacing studies using pictures in another 
respect: Learning was "incidental" (the orienting task 
was one of making aesthetic judgments). Possibly, this 
feature of the experiment, and not the reversal of 
orientation of P2 , attenuated the spacing effect. To 
assess this possibility, a second experiment was done. 
The aesthetic judgment task was retained in Experi
ment 2, and, in addition to the mirror-image repetition 
conditions, identical repetition conditions were includ
ed. On the test, subjects were not asked to give orienta
tion judgments - instead, a standard frequency judg. 
ment task was used. 

Method 
Stimuli were the same as those used in Experiment 1. They 

were arranged in four blocks, in two 80-slide trays, with seven 
fillers at the beginning and five at the end of Tray 1, and five at 
the beginning and seven at the end of Tray 2. The four PI -P 2 

spacings were the same as in Experiment 1. Each block included 
two F = 1 pictures, eight F = 2 pictures (two assigned to each 
spacing) for which P 2 was the mirror-image reversal of PI' and 
eight F = 2 pictures (two per spacing) for which PI and P2 
were identical. 

The test series consisted of 80 randomly-ordered slides: 
eight F = 0 (new) pictures, 2 F = 1 pictures from each block 
(one tested in the original orientation and one tested in the 
reverse orientation), eight F = 2 "reversed P 2 "pictures/block 
(one from each level of spacing tested in the PI orientation and 
one tested in the P, orientation), and eight F = 2 "identical 
P, " pictures per block (one from each level of spacing tested in 
the original orientation and one tested in the reverse orienta
tion). 

A total of 86 paid subjects, obtained as in Experiment 1, 
were tested in eight groups of about 11 persons each. Eight 
assignments of pictures to conditions were obtained by system-



atically rotating pictures through conditions, between group 
testings. 

Stimulus presentation and the orienting task were the same as 
in Experiment 1. The test procedure, likewise, was the same, 
except that a frequency judgment was required. The test form 
was numbered 1-80, and each number was followed by the 
digits 0, 1, 2, and 3. Instructions were to circle the digit cor
responding to the number of times the picture had occurred in 
either orientation. 

Results 
Mean judged frequency for the F = 0 pictures was 

.29. Means for the other conditions are shown in 
Figure 2. The right panel shows the replication of Exper
iment 1, and the left panel the effects of identical 
repetition. 

A planned-comparisons analysis of variance (overall 
MSe = .131) showed a significant effect of frequency 
[F(l,85) = 1420, P < .001], and an effect of spacing 
when P2 was the mirror image of PI [F(l,85) = 33.3, 
P < .001] and when it was identical to PI [F(l ,85) = 
100.5 , P < .001]. The interaction of spacing with 
reverse vs. identical repetition was significant [F(l ,85) = 
15.31, P < .001], showing that the effect was con
siderably stronger when the PI and P2 orientations were 
identical. Testing in the original orientation produced 
higher frequency judgments than did testing in the 
reverse orientation [F(l ,85) = 24.56, P < .001] . Finally, 
for the mirror-image repetition items, the interaction of 
spacing with PI vs. P2 test orientation was not signifi
cant [F(I ,85) = 3.14, P > .05] . 

DISCUSSION 

Experiment 1 failed' to provide added evidence concerning 
whether PI or P, is the locus of the spacing effect, primarily 
because hardly any spacing effect was obtained. Experiment 2 
showed that the small magnitude of the spacing effect in Experi
ment 1 was due to the fact that mirror-image repetitions were 
used and not to the incidental nature of the learning task. 

The spacing effect found with mirror-image repetition was 
statistically significant only in Experiment 2, but it is clear from 
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Figure 2. Mean frequency judgments from Experiment 2. 
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a comparison of Figures 1 and 2 that the results of the two 
experiments were consistent. The effect is so small that it was 
only with the greater statistical power of Experiment 2 that it 
became apparent . Certainly, it is much smaller than the spacing 
effect obtained when P, and P, are identical. 

It is interesting to contrast the effects of mirror-image 
reversal of pictures, found here, with the effects of manipulating 
presentation modalities of words, found in other studies. There 
are two basic comparisons: (1) In the first experiment, orienta
tion judgments, given a correct judged frequency of one, were 
77% correct. This is similar to corresponding figures for 
auditory-visual modality judgments: 80% (Bray & Batchelder, 
1972),74% (Hintzman, Block, & Inskeep, 1972),79% and 72% 
(Hintzman et al., 1973, Experiments 1 and 2). (2) Mirror-image 
reversal of pictures on P, greatly attenuated the spacing effect. 
No such attenuation has been found to result from switching the 
presentation modality of a word (Hintzman et aI., 1973; Wells 
& Kirsner, 1974). 

The results obtained with words suggest that the spacing 
effect takes place at a "deep," or semantic, level-one which 
serves as the primary memory code of the word-and that input 
modality is stored in some auxilary code (perhaps a perceptual 
trace). Indeed, changes in a homograph's semantic interpretation 
from PI to P 2 eliminate the spacing effect (e.g., Madigan, 1969), 
and translation of words from one language to another (which 
probably involves a slight semantic change) attenuate it (Glanzer 
& Duarte, 1971). 

If changing a word's input modality does not alter the spac
ing effect, why is it nearly eliminated by right-left reversal of a 
picture? The former manipUlation entails a drastic change in the 
"surface structure" of the stimulus, while the latter manipula
tion simply reverses one dimension and otherwise leaves all 
relationships among elements of the scene intact. We offer two 
answers to this question (both post hoc and possibly indistin
guishable) : The first is that spatial orientation, as well as 
semantic interpretation, is an essential component of the "deep 
structure" representation of a pictorial stimulus. The second is 
that the perceptual code of a picture plays a far more important 
role in memory than does the perceptual code of a word. 

REFERENCES 

BRAY. N. W . . & BATCHELDER, W. H. Effects of instructions and 
retention interval on memory of presentation mode. Journal of 
Verbal Learning and Verbal Behavior. 1972. 11, 367-374. 

GLANZER. M. Distance between related words in free recall: Trace 
of the STS. Journal of Verbal Learning and Verbal Behavior. 
1969.8. lOS-III. 

GLANZER. M .. & DUARTE, A. Repetition between and within 
languages in free recall . Journal of Verbal Learning and Verbal 
Behavior. 1971. 10. 625-630. 

HINTZMAN. D. L. Theoretical implications of the spacing effect. 
In R. L. Solso (Ed .). Theories in cognitive psychology: The 
Loyola Symposium. Potomac. Md : Lawrence Erlbaum. 1974. 

HINTZMAN. D. L. Repetition and memory. In. G. H. Bower (Ed .). 
The psychology of learning and motivation (Vol. 10). New York : 
Academic Press. 1976. 

HINTZMAN. D. L. . BLOCK. R. A .. & INSKEEP. N. R. Memory for 
mode of input. Joumal 0.( Verbal Learning and Verbal Behavior. 
1972. 11.741-749. 

HINTZMAN. D. L.. BLOCK. R. A .. & SUMMERS. J. J. Modality tags 
and memory for repetitions: Locus of the spacing eHect. JOllmal 
(!( Verbal Learning and Verbal Behavior. 1973. 12. 229-239. 

HINTZMAN. D. L.. SUMMERS. J. J .• & BLOCK. R. A. Spacing 
judgments as an index of study-phase retrieval. Journal o.l 
Experimental Psychology: Human Learning and Memory. 1975. 
I. 31-40. (a) 

HINTZMAN. D. L. . SUMMERS . J. J .. & BLOCK. R. A. What causes 
Ihe spacing etlec!'! Some eHects of repetition. duration . and 



324 HINTZMAN AND STERN 

spacing on memory for pictures. Memory & Cognition, 1975, 
3. 287-294. (b) 

JACOBY. 1. L.. & HENDRICKS, R. L. Recognition effects of study 
organization and test context. Journal of Experimental 
Psychology, 1973. 100. 73-82. 

MADIGAN, S. A. Intraserial repetition and coding processes in free 
recall. Journal of Verbal Learning and Verbal Behavior, 1%9, 
8. 828-835. 

PAlVIO, A. Spacing of repetitions in the incidental and intentional 
free recall of pictures and words. Journal of Verbal Learning and 
Verbal Behavior, 1974, 13.497-511. 

WELLS, E .. & KIRSNER, K. Repetition between and within 
modalities in free recall. Bulletin of the Psychonomic Society, 
1974. 2. 395-397. 

(Received for publication June 22. 1977.) 



<<
  /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




