
Interitem time distribution and response 
compatibility in the short-term 
serial retention of digits I 

Twenty digits were presented sequentially during a 40 sec 
display period. Three conditions of inter-item time distribu­
tion and three conditions of compatibility of answer sheet 
forms were employed in a 3 by 3 factorial design. The 20 
digits were either distributed evenly over time, in two groups 
of 10 digits with a 20 sec rest between groups, or in three 
groups of 6, 7, and 7 digits with 10 sec rests between groups. 
Three levels of compatibility consisted of answer sheets con­
taining either 20 equally spaced answer blanks, two groups of 
10 blanks, or three groups of 6, 7, and 7 blanks. Results 
showed an interaction between the two variables. In addition, 
serial position curves showed multi-bowing effects which sug­
gested both input and output anchoring. 

As early as 1896 (Ladd & Woodworth, 1911) it was 
reported that when a list of stimuli is too long to be 
learned in a single trial, all items are not learned 
with equal speed. In general, those stimuli at the 
beginning and those at the end of the list are learned 
more quickly yielding the now familiar serial position 
learning curve. Dividing such a list of discrete items 
into parts during presentation, while still going through 
the entire list, was found to be most efficient with 
respect to retention. 

Typically, in the study of the retention of serial 
lists, items are presented at regular time intervals. 
, 'However, recent studies strongly suggest that input 
'chunking' is a critical variable which significantly 
affects the amount of information that is stored and 
subsequently retrieved." (Mayzner et aI, 1966, p. 403). 
The inference was made and supported by Mayzner 
et al that distributing the input in different ways 
over time induces different chunking strategies. Digits 
were presented at the rate of one digit per sec, and 
the remaining 20 sec of a 40 sec interval were dis­
tributed in various ways. His results showed a sys­
tematic increase in retention with increased pauses 
during the presentation period. Serial position curves 
demonstrated multi-bowing effects from which it was 
concluded that input chunking was dependent upon input­
time distribution. 

The present study will investigate three of the 
Mayzner et al distributions of items to see if and 
how retention is facilitated. In addition, investiga­
tion will be made of the effects of stimulus-response 
compatibility (Fitts & Seeger, 1953) and an anchoring 
concept (Feigenbaum & Simon, 1962) on the suggested 
retention and multi-bowing effects. 
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The 60 Ss were introductory psychology students at 
the State University of New York at Buffalo and were 
fulfilling a course requirement. 

The design was a 3 by 3 factorial with both factors, 
inter-item time distribution and response compati­
bility, manipulated as between Ss variables. 

The apparatus used to generate the sequences of 
stimuli included a Bina-View display controlled by 
Grason-Stadler electronic modules. A closed circuit 
television system was used to present the items. 

Eleven different pseudorandom sequences of 20 
digits each were constructed with the restriction that 
each of the digits 0 through 9 be used once and only 
once in both the first and second halves of each of 
the sequences. 

Three conditions of inter-item time distribution were 
investigated. In Condition I, the 20 digits were pre­
sented at a 2 sec per digit rate. In Condition II, two 
groups of 10 digits each were presented at a 1 sec 
per digit rate with a 20 sec rest between groups. 
In Condition III, three groups of 6, 7, and 7 digits 
were presented at a 1 sec per digit rate with 10 sec 
rests between groups. Thus, total display time (rest 
plus stimulus exposures) was constant across con­
ditions. 

Three groups of 20 Ss were run successively, one 
under each condition. Within each group of 20 Ss, 
there was a random assignment to one of three 
answer sheet groups. Answer sheet Type-1 consisted 
of 20 blanks of 1/4 in. each in a horizontal line with 
1/8 in. between blanks. Answer sheet Type-2 con­
sisted of two groups of 10 1/4 in. blanks divided by 
a 1 in. space. Answer sheet Type-3 consisted of 
three groups of 6, 7, and 7 1/4 in. blanks with 1 in. 
spaces dividing the 20 blanks into three groups. 

For each of the three conditions, all 20 Ss were 
seated in a classroom with a clear view of the tele­
vision receiver. The Ss were given one practice 
sequence and 10. experimental sequences with 15 sec 
between the end of each 75 sec recall period and the 
onset of the next sequence. 
Results 

The mean number of digits correctly recalled in 
proper serial position was recorded for each of the 
nine treatment conditions. These results are indicated 
in Fig. 1. There was a simple effect of a linear 
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Fig. l. Mean number of digits recalled in proper serial order as a 
function of inter-item time distribution. 

increase at the Type-3 answer sheet compatibility 
level (F=57.28, df=1/17, p< .001). In addition, there 
was also a systematic linear increase in mean number 
correctly recalled if the three treatment conditions 
corresponding to Mayzner et al (1966) were considered 
(F = 32.15, df = 1/17, P < .001). The main effect of inter­
item time distribution was significant (F = 10.60, df 
= 2/51, p< .001). but there was no systematic increase 
from Conditions I to III. The main effect of compati­
bility of answer sheets was significant also (F=6.13, 
df=2/51. p< .01). The interaction between inter-item 
distribution and answer sheet compatibility was sig­
nificant (F=5.68, df=4/51, p< .01). 

Figure 2 contains the serial position curves for the 
three inter-item time distributions. In Conditions II 
and III. it is evident that the predicted multi-bowing 
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Fig. 2. Serial position curves for Conditions I - III. 

effects were most strikingly demonstrated in combi­
nation with the corresponding answer sheet (i.e., 
Condition III and answer sheet Type-3). The serial 
position curve for Condition I indicates an effect 
of the Type-2 answer sheet independent of inter­
item time distribution. 
Discussion 

The Mayzner et al (1966) result that certain timing 
distributions can yield marked and systematic in­
creases in total amount of information retrieved 
(i.e., items correct) was replicated, but the inter­
action between compatibility of answer sheet and 
inter-item time distribution suggests that the effect 
of compatibility upon information retrieval is more 
formidable under the Condition III input distribution. 
The Mayzner et al study assumed no such interaction. 

The facilitative effect of input Conditions II and III 
may be better understood as a grouping effect due 
to additional anchor points (Feigenbaum & Simon, 
1962) rather than as chunking which implies a newly 
coded unit. The obtained interaction suggests that with 
compatible input-output conditions, these anchor points 
are strengthened. In Condition I, where inter-item 
time distribution provides no anchor points (other 
than the first and last item), increased recall with 
Type-2 and Type-3 answer sheets supports the con­
clusion that such anchor points may be developed as 
a function of output strategies alone. In addition, 
clear remnants of a triple-bowed effect with the 
Type-3 answer sheet in Condition II and a double­
bowed effect with the Type-2 answer sheet in Con­
dition I provide further support for this conclusion. 

The present results suggest that grouping or an­
choring effects in terms of outPut as well as input 
must be considered in the analysis of serial recall. 
Further, it is not always obvious which response 
strategy is the most compatible and efficient . 

References 

FEIGENBAUM, E. A., & SIMON, H. A. A theory of the serial position 
effect. Brit. J. PsychoL, 1962, 53, 307-320. 

flITS, P. M., & SEEGER, C. M. S-R compatibility: spatial characteris­
tics of stimulus and response codes. J. expo PgychoL, 1953, 46, 
199-210 • 

LADD, G. T., & WOODWORTH, R. S. Elements of physiological psy­
chology, New York: Charles Scribner's Sons, 1911,577-578. 

MAYZNER, M. S., TRESSELT, M. E., ADLER, S., COHEN, A., & 
SCHOENBERG, K. M. Short-term retention of digits: a function of 
item distribution with respect to time. Pgychon. Sci., 1966, 5, 
403-404. 

Note 
1. This research was partially supported by USPHS Grant MH-1l595 
to Dr. Kenneth R. Laughery under whose direction this project was 
carried out. 

Psychon. Sci., 1968, Vol. 10 (8) 



<<
  /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




