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Criterion change in continuous recognition
memory: A sequential effect

DANIEL B. BERCH
Morehead State University, Morehead, Kentucky 40351

Data from a previous study were reanalyzed to determine the basis for the increasing false-alarm (FA)
rate exhibited by subjects as they proceed through a continuous recognition memory task. The results
indicated that: (a) the shifting response bias did not reflect an attempt to probability match; (b) the
increase in the FA rate over trial blocks was exclusively a sequential effect, i.e., the increase occurred
only for trials following the presentation of a new stimulus item; (c) this sequential effect was due to a
shifting response bias. It was suggested that the shifting response bias may have resulted from a
subjective probability judgment based on a belief similar to that of the “gambler’s fallacy.”

Shepard and Teghtsoonian (1961) developed a tech-
nique for studying memory, referred to as the
continuous recognition task. One of the interesting
results of their initial experiment using this procedure
was that the false alarm (FA) rate increased as the
subjects progressed through the task. This finding has
since been replicated in a number of other studies
(Donaldson & Murdock, 1968; Martin & Melton, 1970;
Underwood, 1965; Wells, 1974). Shepard and
Teghtsoonian first concluded that this phenomenon
resulted from a shifting criterion or response bias.
Moreover, they suggested that the subjects tended to
bias their responses so as to match the a priori
probability (the proportion of times that “old” items
are presented, hereafter referred to as q). However,
the findings of a subsequent experiment by Shepard
and Chang (1963) led these writers to conclude that the
increasing FA rate found in the earlier study resulted
from an accumulation of diffused elements (proactive
interference) rather than a bias toward saying ‘““old.”

This issue was partially resolved by Donaldson and
Murdock (1968), who employed signal detection
analyses to separate the retention-based component of
recognition performance from the criterion-based
component. Their findings showed quite clearly that
the increasing FA rate reflected a shifting criterion
rather than a build-up in proactive interference.

In a recent developmental study of continuous
recognition memory (Berch & Evans, 1973), we similarly
found an increase in the FA rate over trial blocks for
both 5%- and 9-year-old children. A signal detection
analysis revealed that, as with adults, this change
reflected a shifting response bias. Furthermore, we
speculated that the children may have changed their
criterion in an attempt to probability match. However,
as with previous investigators, we did not provide any
decisive evidence in support of this explanation. Conse-
quently, a major purpose of the present investigation
was to reexamine the Berch and Evans data in order to
determine whether the subjects were indeed attempt-
ing to probability match.

At this point, it should be noted that Berch and
Evans’ subjects received neither prior instructions nor
informative feedback regarding the value of q.! This
procedural aspect could prove to be important, however,
considering the results of a recent study by Marken and
Sandusky (1974). These investigators pointed out that,
if a subject received no information about q, no standard
would be present to allow acquisition and thus matching
of q. Using a continuous recognition task and q values
of .2 and .5, they found that the .2 group exhibited
a more lenient criterion than the .5 group. In other
words, their subjects showed a probability “contrast”
type of response bias. Furthermore, they found that
this overall contrast effect could at least partially be
accounted for by the occurrence of first order,
sequential stimulus contrast. That is, the subjects tended
to be more likely to say “old” following a previous
trial in which the stimulus item was new. Finally, it
is apparent from Figure 1 of Marken and Sandusky’s
report that, as in the Berch and Evans study, the .5
group responded “‘old” approximately 50% of the time,
thus matching their value of q. Nevertheless, these
subjects did show evidence of sequential stimulus
contrast. Since the children in the Berch and Evans
study were similarly uninformed of the value of q, it
is certainly possible that their response biases were
also in part a function of sequential stimulus contrast.
To the extent that this was in fact the case, reanalysis
of the Berch and Evans data could reveal whether there
was any relationship between first order sequential
dependencies and the criterion change that occurred
as subjects progressed through the task. The present
paper reports the results of a series of such analyses,
which were carried out in order to clarify the
mechanisms underlying the increasing FA rate exhibited
in recognition memory performance.

ASSESSMENT OF PROBABILITY MATCHING

In order to determine whether the subjects were
attempting to probability match, the proportion of
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*“old” responses was computed for each subject on each
trial block. Next each score was subtracted from .50
(q) and the absolute value determined. The means (and
standard deviations) of these absolute deviations for
the three trial blocks were .12 (.07), .08 (.04), .09 (.06),
and .06 (.05), .09 (.07), .13 (.06) for the kindergartners
and third graders, respectively. If the subjects were
indeed shifting criterion in order to probability match,
then these absolute deviation scores should decrease

over trial blocks. To test this hypothesis, the arcsin

transformations of the absolute deviation scores were
subjected to a 2 by 3 mixed analysis of variance (grade
level by trial blocks). Although the main effect of trial
blocks was nonsignificant [F(1,28) < 1, p > .05], the
Grade Level by Trial Blocks interaction was significant
[F(1,28) = 5.94, p < .025]. [A nonadditive model was
assumed, necessitating the use of a conservative F test
for the within-subjects main effect of trial blocks
(Myers, 1966, p. 210). Conservative tests were also
necessary for all subsequent analyses of the trial blocks
main effect, except for that involving response bias
values (RI).] The trends of the means show that, while
the third graders’ scores were increasing, the kinder-
gartners’ scores were decreasing. Thus, the third graders
could not have been attempting to probability match.
To determine whether there was a significant decreasing
effect for the kindergartners, a one-factor repeated-
measures analysis of variance was performed on the
arcsin transformations of the absolute deviation scores.
The main effect of trial blocks was nonsignificant
[F(2,28) = 1.462, p > .05], suggesting that the kinder-
gartners were not attempting to probability match.

Although the kindergartners and third graders showed
opposite trends in their absolute deviation scores, the
proportion of *“old” responses increased over trial blocks
for both groups; the means (and standard deviations)
were 43 (.12), 51 (.09), .53 (.10), and .47 (.07), .57
(.08), .61 (.10) for the kindergartners and third graders,
respectively. Thus, since the third graders averaged .47
“old™ responses for Block 1 as compared to .43 for the
kindergartners, their increasing proportion of “old”
responses was greater than .50, resulting in increasing
deviation scores. On the basis of these analyses, then, it
appears that the shifting criterion cannot be explained
as resulting from an attempt to probability match.

ANALYSIS OF SEQUENTIAL DEPENDENCIES
First order sequential dependencies were analyzed
by computing the following formula for each subject:
“Old” bias = P(Hit/O,,_,) + P(FA/O, _,)
—P(Hit/N,_,) —P(FA/N,_,) (1)

where O,_; and N,,_; stand for an “0ld” and a “new”
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Figure 1. MOC plot showing conditional probabilities of the
response “old” on Trial n as a function of the stimulus value
(new or old) on Trial n — 1.

stimulus on the previous trial, respectively. Negative
scores resulted for 13 out of 15 kindergartners and 10
out of 15 third graders, indicating sequential stimulus
contrast. This effect can be seen in Figure 1, which
displays the average first order sequential dependencies.
The memory operating chatacteristic (MOC) plot shows
that, for both age groups, the bias for saying *“old”
is greater when the prior stimulus is new.

SEQUENTIAL ANALYSIS OF
FALSE ALARM RATE DATA

Figure 2a shows the basic finding of an increase in
the FA rate over trial blocks from the Berch and Evans
(1973) study. Since there is evidence of sequential
stimulus contrast, it is possible that this increase repre-
sents a sequential effect. To determine this, FA rate
values were recalculated for each subject by condi-
tionalizing on the type of stimulus item occurring on
the preceding trial. As shown in Figure 2b, the FA rate
for trials following the presentation of new items
increases over trial blocks, just as in Figure 2a. A 2 by 3
(grade level by trial blocks) mixed analysis of variance
performed on the arcsin transformations of these data
revealed a significant main effect of trial blocks [F(1,28)
= 42.54, p < .001], thus providing statistical support
for this observation. Interestingly, Figure 2c seems to
show that the finding of an increasing FA rate disappears
when this measure is calculated for trials following the
presentation of old items only. Indeed, a 2 by 3 mixed
analysis of variance performed on the arcsin transforma-
tions of these data resulted in a nonsignificant main
effect of trial blocks [F(1,28) =1.632, p > .05].

Of course, an additional analysis is necessary to
determine whether the increasing FA rate reflects a
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Figure 2. False alarm (FA) rates as a function of blocks of
items for: (a) all trials, (b) trials following the presentation of
new items only, and (c) trials following the presentation of old
items only.

change in response bias. However, a comparison of
sequential stimulus contrast scores for each block using
Formula 1 would be inappropriate. This is because the
sequential score is a relative measure of response bias.
Instead, a measure of responsivity, preferably nonpara-
metric, is needed that can be calculated for only those
trials where the prior stimulus was new. Frey and
Colliver (1973) have devised such a measure (RI), which,
although used primarily with discrimination learning
data from animals, does have applicability to studies
of human memory. Individual conditionalized hit rates
and FA rates were substituted into the appropriate
equation to obtain Rl values for each subject. The means
(and standard deviations) of the RI values for the-three
trial blocks were —.35 (.32), .19 (.37), .27 (.34), and
—.21 (.41), .32 (.38), .38 (.46) for kindergartners and
third graders, respectively. A 2 by 3 (grade level by trial
blocks) mixed analysis of variance was then performed
on the square root transformations (v/x + 1.5) of these
data, resulting in a highly significant main effect of trial
blocks [F(2,56) = 23.42, p < .001]. This finding
suggests that, as subjects progressed through the task,
they exhibited an increasing bias toward saying ‘‘old”
when the stimulus on the preceding trial was new.

CONCLUSIONS

The findings of the present investigation indicate that with
respect to the Berch and Evans (1973) data: (a) the shifting
response bias did not reflect an attempt to probability match;
(b) the increase in the FA rate over trial blocks was exclusively
a sequential effect; (c) this sequential effect was due to a shift-
ing response bias. At this time, however, it cannot be determined
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whether these results have any bearing on the interpretation
of the increasing FA rate found in studies that have used adult
subjects. For one thing, it is quite possible that the matching
hypothesis can account for the shifting criterion exhibited in
studies where subjects were explicitly informed of the value
of q prior to testing (Donaldson & Murdock, 1968; Wells, 1974).
Moreover, it is not clear whether the subjects in some of these
studies were explicitly informed about q (Martin & Melton,
1970; Shepard & Teghtsoonian, 1961; Underwood, 1965). In
any event, it is hoped that this paper will stimulate reanalysis
of the relevant data from these studies so that the generality
of the findings described above can be assessed.

There is still the question, however, of why Berch and
Evans’ subjects shifted to a more lenient criterion as they
proceeded through the task. One possible explanation is that
an individual’s subjective expectation that an old item will
appear (Trial n) following the presentation of a new item
(Trial n — 1) increases directly with the number of new items
previously encountered in the experimental session. This
“gambler’s fallacy” hypothesis is based on an assumption that,
when the subject is uncertain about an item, his task becomes
similar to that of predicting the next outcome of a binary
series, as in a probability learning situation. In other words,
he has to make a “prediction” of “old” or “new” based in part
on a subjective, qualitative probability judgment.

Regardless of the validity of this hypothesis, it should be
noted that no extant model of the decision component in
recognition memory can accommodate the results of either the
present investigation or of the Marken and Sandusky (1974)
study. There are, of course, a number of psychophysical models
that have been proposed specifically to handle the sequential
and probability contrast effects found in studies of signal recog-
nition, where the subject is not given any information regarding
the value of q (Sandusky, 1971). Presumably, some parameters
of these models are applicable to the types of response biases
that emerge in recognition memory performance. Nevertheless,
as Lockhart and Murdock (1970) have cautioned, “an adequate
account of the decision process for a given test of memory
performance cannot be made without a commitment to certain
aspects of a theory of the memory system for that situation”
(p. 100).
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NOTE

1.The boundary conditions of the formal model of the
matching hypothesis require that the subject must possess a
value of q, either through instructions or feedback (Parks, 1966;
Thomas & Legge, 1970). Thus, even if Berch and Evans’ subjects
were not attempting to probability match, such a finding would
not detract from the validity of this model.

(Received for publication November 24, 1975.)




<<
  /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




