
Signal detection analysis of recall 
paired-associates learning' 

Results replicating those of Suboski, Pappas, & Mu"ay 
(1966b) on the use of confidence ratings in the RTT paradigm 
are presented. In addition, ROC curve analyses show that 
Ss' ability to discriminate between co"ect and inco"ect 
responses is a function of prior confidence and co"ectness. 

In a recent application of signal detection analysis 
to paired-associates learning (Pappas & Suboski,1966), 
recognition accuracy was found to be an increasing 
function of prior recall confidence. Those results 
were interpreted as suggesting multiple states of 
recall associative strength. Although a number of 
dependencies have been shown between recall response 
probabilities and confidence ratings (Subosld, Pappas, 
& Murray, 1966a, b), functional relationships of the 
type obtainable by signal detection methods have not 
yet been demonstrated for the RTT paradigm with 
recall on both tests. Such analyses are reported in 
the present paper. 

One of the original purposes of this experiment 
was to determine whether the shifts in response 
probabilities and confidence across tests (Jones, 1962; 
Suboski et aI, 196Gb) are a result of information 
gained in the tests or rather a function of time as 
would be expected, for example, from von Wright's 
(1959) response competition (D) hypothesis. However, 
the intertest intervals chosen, 5, 15, and 45 sec., 
failed to produce any differences of importance, per
haps because of the limited temporal range sampled. 
As a consequence, all of the analyses reported here 
are of data pooled across the intertest intervals. 
Method 

The Ss, nine volunteer undergraduates from the 
Queen's University summer session, learned nine 
lO-item lists. Each list, presented by hand at a 
4 sec. per pair exposure rate, consisted of a random 
pairing of the letters A through J as stimulus items 
with the numbers 0 through 9 as responses. After 
presentation of each list, Ss were given two tests 
in which they worked through 10-page response booklets 
at a 7 sec. per page rate, cued by E to turn pages. 
Each page contained a stimulus letter, a space for 
the response and a 5 cm "confidence" line with the 
left end labelled "guess" and the right end labelled 
"sure." The Ss were instructed to draw a vertical 
line across the confidence line to indicate their degree 
of confidence in the correctness of their written 
response. Each S was run individually and within 
each set of three lists presented to each S, the 5. 
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Fig. 1. Proportions (A) and pooled mean confidence ratings (8) 
of correct and incorrect responses for the two tests. Separate T 1 
mean ratings are shown for items ~rrect and incorrect on T 2' 

15, and 45 sec. intertest intervals occurred in a 
random order. 
Results 

Figure 1 displays proportions correct (C) and incor
rect (N) and mean confidence ratings. Except for 
the overall lower proportions correct, these results 
essentially replicate those of Suboski et al (1966b). 
In particular, it may be noted that second test (T2) 
mean confidence for N-C items was higher than T1 
confidence or T2 confidence for N-N items. Propor
tions correct and response shifts between tests for 
correct and incorrect items across confidence cate
gories (successive 1 cm lengths of the confidence 
line), shown in Fig. 2, were also very similar to 
the Suboski et al results. 

Figure 3 shows Type II (response conditional) oper-
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Fig. 2. Proportion correct shown Sf'parately for the two tests 
as a function of confidence, and proportion of shifts to a different 
response from T 1 to T 2 shown separately for correct and incorrect 
on T 1. 
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Fig. 3. ROC curves for different classifications of the data. 

ating characteristic (ROC) curves (Egan & Clarke, 
1966) for a number of classifications of the data. 
The curves were constructed by obtaining the propor
tions, pooled across Ss, lists, and items, of assign
ment of confidence category i or stricter (more 
confident) as the confidence category is progressively 
made more lax (less confident). The confidence ratings 
were measured to the nearest millimeter, providing 
51 categories, 0-50. The 11 points plotted for each 
curve in Fig. 3 start with category 50 and move 
from category 46 to category 1 in 5 mm steps. For 
each curve, proportions for correct items are plotted 
against proportions for all incorrect items on that 
test trial, regardless of prior or subsequent cor
rectness. Upward left displacement of the ROC curves 
from the chance line (positive diagonal) and from each 
other, indexes the ability of Ss to discriminate correct 
from incorrect responses (Egan & Clarke, 1966). 

The ROC curves for the two test trials are very 
similar and indicate comparable ability of Ss to 
discriminate between correct and incorrect responses 
on each test. If, however, only items which were 
correct on T1 are selected, the ROC curve for T2 
performance shows increased discriminability with 
greatest discriminability shown for items that were 
correct with high confidence on T1' The ROC curve 
for items incorrect on T1 but correct on T2 shows 
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the lowest discriminability, but clearly well above 
chance. Normal-normal axes plots of the curves (not 
shown) appear linear through the major portion of 
each curve and have slopes less than unity . 
Discussion 

The present results are in substantial agreement 
with those of Pappas & Suboski (1966) in showing 
that T2 performance is a function of both correct
ness and confidence of T1 response in the RTT par
adigm and extend the findings to the case of recall 
on both tests. These results further support the 
hypothesis that a continuum of associative strength 
results from paired-associates learning and is re
flected by the confidence ratings. 

Both mean T2 confidence and the T2 ROC curve 
show that items correct on T2 after having been 
incorrect on T1 can be discriminated from incor
rect items. A similar result obtained by Pappas & 

Suboski (1966) could be attributed to the more sensitive 
recognition test on T2, an explanation that does not 
apply to the present results. Another possible explana
tion is that information may be gained on T1 and 
applied on T2 (Jones, 1962). The high degree of 
similarity between the T1 and T2 ROC curves argues 
against such an explanation as does the virtually 
identical proportions correct across tests typically 
found in RTT paradigms. Such an explanation remains 
tenable, however, if it is assumed that T1 informa
tion gain and between test forgetting cancel. 

References 
Egan, J. P., & Clarke, F. R. Psychophysics and signal detection. 

In J. B. Sidowski (Ed.), Experimental methods and instrumenta
tion in psychology. New York: McGraw-Hill, 1966. Pp. 211-246. 

Jones, J. E. All-or-none versus incremental learning. Psycho!. 
ReI'., 1962, 69, 156-160. 

Pappas, B. A., & Suboski, M. D. Recognition operating character
istics as a function of prior recall confidence. Psychon. Sci., 
1966, 6, 83-84. 

Suboski, M. D., Pappas, B. A., & Murray, D. J. Confidence ratings 
in recall paired-associates learning. Psychon. Sci., 1966a, 5, 
147-148. 

Suboski, M. D., Pappas, B. A., & Murray, n. J. Confidence ratings 
in recall paired-associates: The RTT paradigm. Psychon. Sci., 
1966b, 5, 315-316. 

Wright, J. M. von. Forgetting and interference. Soc. Sci. Fennica, 
Comm. Hum. Lilt., XXVI. 1959, 1, 1-124. 

Note 
1. I thank Anthony Gambaretto, Maryann Kernychny, and Ollan 
White for running Ss. This research was supported in part by grants 
from The Society of the Sigma Xi and the Queen's University Arts 
Research Committee. Facilities of the Queen's University Com
puter Center were used for data analysis. 

Psychon. Sci., 1967, \'01. 7 (10) 



<<
  /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




