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Individuals should strategically shift decision criteria when there are disproportionate likelihoods or
consequences for falsely identifying versus missing target items. Despite being explicitly aware of the
advantages for criterion shifting, people on average do not shift extremely, leading many theories to
conclude that people are generally suboptimal at placing decision criteria. However, assessments of
individual differences reveal that some people actually do criterion shift quite well while others fail to
shift entirely. These individual differences may carry meaningful information about the nature and
consistency of a person’s decision-making strategies, but no studies have systematically assessed the
stability of strategic criterion shifting within individuals over time. We assessed criterion shifting stability
by administering test-retest recognition memory and visual detection tests where we induced decision
biases through instruction, payoff, and base rate manipulations. Criterion shifting tendencies proved to
be stable within and across decision domains regardless of the inducement. Individual differences in
criterion shifting could not be explained by personality characteristics, metacognitive sensitivity, moti-
vation, or performance on other cognitive tasks. Reports of confidence ratings, which are used to assess
various criterion placements, showed no relationship to the extent of criterion shifting unless participants
received instructions to make certain response types with high confidence only. Participants who
inadequately shifted criteria still tended to set extreme criteria for reporting high confidence, suggesting
that these individuals are capable of shifting to greater extents, but appear unwilling to do so. These
findings demonstrate that strategic criterion shifting tendencies are a stable and uniquely individualistic

cognitive trait.
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Strategic criterion shifting occurs when a person knowingly
alters a decision strategy when the known prevalence of a target
item changes or when the relative rewards or consequences of
different response types change. Shifting decision criteria can
improve decisional outcomes, particularly when there is uncer-
tainty in the detected signal. A common example of this is when
you see a person who looks familiar (the signal), but are unsure

whether you know them (a target) or not (a nontarget). The ideal
goal is to greet a known acquaintance (a hit) and ignore a stranger
(a correct rejection), but the uncertainty in your memory prevents
you from knowing the correct course of action. Fortunately, there
usually is other information at your disposal that can help mini-
mize the chances of either potentially greeting a stranger (a false
alarm) or failing to greet a known acquaintance (a miss). For
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instance, if you believe the person is a coworker and you are in the
workplace, then you should establish a liberal criterion by greeting
the person even when your memory is vague, because the chances
of such an encounter are high (a strategy to avoid misses). How-
ever, if you are on vacation in Tahiti you should establish a
conservative criterion by only greeting a potential coworker when
your memory is strong because this encounter is much less likely
to occur (a strategy to avoid false alarms). Remarkably, in situa-
tions where criterion shifting is clearly advantageous, some indi-
viduals will readily shift decision criteria while others fail to shift
entirely, which can detrimentally impact decisional outcomes
(Aminoff et al., 2012, 2015; Frithsen, Kantner, Lopez, & Miller,
2018; Kantner, Vettel, & Miller, 2015; Layher, Santander, Volz, &
Miller, 2018; Miller & Kantner, 2020). Extreme variability in
criterion shifting across participants is well-documented, but cur-
rently no studies have systematically characterized the stability of
criterion shifting tendencies within individuals over time. Yet,
stable differences in criterion shifting tendencies across individu-
als may represent a fundamental aspect of those individual’s
decision-making strategies and carry theoretical implications for
signal detection models of recognition memory.

Although the within-subject stability of criterion shifting ten-
dencies is poorly understood, test—retest recognition memory stud-
ies suggest that criterion placement tendencies are stable over time
(Kantner & Lindsay, 2012, 2014). In recognition memory, crite-
rion placement is the threshold of familiarity strength that must be
exceeded to recognize items. Criterion placement, like criterion
shifting, is quite variable across individuals (Aminoff et al., 2012,
2015; Frithsen et al., 2018; Kantner et al., 2015; Kantner &
Lindsay, 2012, 2014; Layher et al., 2018; Miller & Kantner, 2020).
Despite large between-subjects variability, Kantner and Lindsay
(2012, 2014) propose that the within-subject consistency of crite-
rion placement over time makes it a stable cognitive trait. Some
individuals regularly recognize stimuli based on weak familiarity
evidence while others routinely require strong memory evidence
before recognizing items. Criterion shifting, on the other hand, is
a shift in the placement of a decision threshold to require more or
less evidence before identifying a target when the circumstances
surrounding a decision change (e.g., when recognizing a coworker
in the workplace vs. a foreign vacation spot). The consistency and
extent to which a person shifts a criterion is likely unrelated to an
individual’s criterion placement tendencies (though empirical re-
ports of this relationship are lacking) because placing and shifting
a criterion are separate behaviors. For example, two individuals
might be quite adept at regularly establishing a neutral criterion by
missing and falsely identifying items at equal rates. However, one
individual might adaptively shift between conservative and liberal
criteria when the situation calls for it, while the other may contin-
uously maintain a neutral criterion even when criterion shifting
becomes advantageous.

Criterion shifting can be categorized into two putative classes
where an individual may either (a) knowingly shift a decision
criterion based on known changes in the circumstances surround-
ing a decision (Aminoff et al., 2012; Egan, 1958; Banks, 1970;
Healy & Kubovy, 1978; Rotello, Macmillan, Reeder, & Wong,
2005) or (b) unknowingly shift a decision criterion, such as
through reinforcement learningl (Han & Dobbins, 2008, 2009;
Wixted & Gaitan, 2002). An example of criterion shifting through
reinforcement learning comes from Han and Dobbins (2008), who
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covertly altered feedback conditions by rewarding one error type
(either false alarms or misses) but not the other. Over time,
participants unknowingly shifted toward a more liberal criterion
when feedback encouraged false alarms and established a more
conservative criterion when misses resulted in positive feedback.
Strategic criterion shifting, on the other hand, occurs immediately
and does not require feedback, but participants must be explicitly
aware of the advantages for shifting criteria. For example, making
participants aware that target items are more likely to appear than
nontarget items during a test block (known as a base rate manip-
ulation) will immediately cause many participants to shift to a
liberal criterion, whereas participants who are unaware of such
information will tend not to shift (Rhodes & Jacoby, 2007). We
specifically investigated the stability of strategic criterion shifting
tendencies where participants always received explicit instructions
that informed them of the advantages for switching between con-
servative and liberal criteria.

Our analyses of criterion shifting focus on individual differ-
ences, which can reveal aspects of data that may contradict pre-
vious hypotheses that draw conclusions from group averages
(Miller & Kantner, 2020). For example, a longstanding observa-
tion of group-averaged data shows that people are generally sub-
optimal® at placing a criterion (i.e., people do not shift criteria
extreme enough given the circumstances), leading to several hy-
potheses that attempt to explain this phenomenon (Benjamin, Diaz,
& Wee, 2009; Hirshman, 1995; Kubovy, 1977; Lynn & Barrett,
2014; Maddox & Bohil, 2005; Parks, 1966; Thomas & Legge,
1970; Ulehla, 1966). One hypothesis advocates that participants
will probability match during test blocks that include a base rate
manipulation (Parks, 1966; Thomas & Legge, 1970). That is, if
70% of items are targets, participants will respond “target” 70% of
the time, even though the best strategy for maximizing accuracy is
to always respond “target” unless there is strong evidence that an
item is a nontarget. Aminoff and colleagues (2012) employed a
base rate manipulation during recognition memory tests where
participants received explicit instructions informing them that tar-
get (previously studied) items would appear either 70% (liberal
condition) or 30% (conservative condition) of the time. Group-
averaged results from this study suggested that probability match-
ing is indeed a plausible explanation. However, when examining
the data at an individual level, this hypothesis seems less plausible
because some individuals actually do shift criteria quite well (i.e.,
almost always respond “target” in the liberal condition and almost

! There are many ways a criterion could be influenced unknowingly,
which may include semantic similarity, sequential effects of test items,
multidimensional representations, emotion-laden stimuli, word frequency,
etc.

2 We use the term “optimal” performance to describe a criterion that
maximizes payoffs or the proportion correct at any level of discriminabil-
ity, given the assumptions of signal detection theory (see Macmillan &
Creelman, 2005). Although the classification of an “optimal” criterion will
vary depending on the theoretical model (see Lynn & Barrett, 2014), our
underlying claim that strategic criterion shifting is a stable cognitive trait is
unrelated to whether certain individuals actually implement a model’s
definition of “optimal” criteria. We implement this simple device to
demonstrate the inherent disadvantages of not shifting a criterion in re-
sponse to changes in payoffs or base rates (i.e. when discriminability is
held constant, individuals who appropriately shift criteria will achieve
better outcomes, in regards to the intended goals of the task, than those who
do not shift criteria).
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never respond “target” in the conservative condition), whereas
others fail to shift entirely (i.e., respond “target” at equal rates
across both criterion conditions). We believe it is necessary to take
into account these individual differences to gain a full understand-
ing of the nature of criterion shifting tendencies.

Previous studies demonstrate that individual tendencies in stra-
tegic criterion shifting are largely consistent across different task
types (Aminoff et al., 2012; Frithsen et al., 2018; Kantner et al.,
2015). Aminoff and colleagues (2012) found a strong relationship
in the degree to which individuals shift criteria during recognition
memory tests for word versus face stimuli, 7(93) = .58, which
greatly exceeded the relationships in discriminability between the
two tasks, 7(93) = .07 in the conservative criterion condition and
r(93) = .22 in the liberal criterion condition. Criterion shifting
tendencies also appear stable across bias manipulations, regardless
of whether a base rate manipulation is employed or individuals are
incentivized to shift via a payoff manipulation (e.g., participants
earn money for correct responses, but lose money for either false
alarms or misses; Frithsen et al., 2018; Kantner et al., 2015).
Frithsen and colleagues (2018) additionally found that criterion
shifting tendencies are generally consistent across decision do-
mains regardless of whether participants make recognition mem-
ory, visual detection, or visual discrimination judgments. How-
ever, the strength in the relationship of criterion shifting tendencies
across tasks is sometimes mixed. For instance, Frithsen and col-
leagues (2018) found strong correlations between the extent of
criterion shifting during a recognition memory test for words
versus a visual detection test for identifying the presence of a white
blob on a noisy background, r(47) = .53, and a visual discrimi-
nation test for determining the orientation of a Gabor patch on a
noisy background, r7(49) = .64. However, a weak relationship
occurred between a recognition memory test for faces and a visual
detection test for spotting white blobs on noisy backgrounds,
r(49) = .17. Franks and Hicks (2016) found no significant rela-
tionship in the extent of criterion shifting between recognition
memory tests that employed a base rate manipulation versus a
manipulation that varied the known memory strength of studied
items. However, manipulating the memory strength of items pro-
duces the strength-based mirror effect where an increase in dis-
criminability results in both an increased hit rate and decreased
false alarm rate (Hirshman, 1995; Starns & Olchowski, 2015). The
underlying cause of the strength-based mirror effect is strongly
debated where some argue that the familiarity strength of novel
items remains constant and an increase in discriminability results
in a criterion shift toward being more conservative (i.e., require
stronger memory evidence), which decreases the false alarm rate
(Starns, White, & Ratcliff, 2010; Stretch & Wixted, 1998b). Others
argue that the familiarity strength of novel items can change and
observed decreases in false alarm rates when discriminability
increases can be attributed to memory processes instead of strate-
gic criterion shifts (Criss, 2006; Shiffrin & Steyvers, 1997). There-
fore, it is inconclusive as to whether using the strength-based
mirror effect as a criterion manipulation is even valid because
observed changes in false alarm rates may not actually be a result
of strategic criterion shifting. Nevertheless, it helps raise the ques-
tion as to why there are occasional inconsistent findings in the
cross-task stability of criterion shifting; is the stability of criterion
shifting a task specific phenomenon (Franks & Hicks, 2016), or are
there alternative explanations for these mixed results?
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One potential explanation for the observed inconsistencies in the
cross-task stability of criterion shifting might be attributed to
differences in demand characteristics between the two tasks (Kant-
ner et al., 2015). Kantner and colleagues (2015) found that com-
pletely removing the study phase from recognition memory tests
(i.e., participants received instructions that the study phase “mal-
functioned” and thus could not encode any of the study images, but
were still asked to perform the test phase anyways with an instruc-
tion induced criterion manipulation) dramatically affected the ex-
tent of criterion shifting (as it should), but only for a subset of
participants. Because participants could not reliably use memory
evidence to inform their decisions during the test phase (because
they did not actually study any images), the best strategy is to
maximally shift criteria by always responding “old” or always
responding “new” depending on which response is more advanta-
geous. However, many participants seemed unwilling to adopt this
extreme strategy when task instructions required making a
memory-based decision. Some individuals may have attempted to
use other irrelevant perceptual cues to make recognition judgments
or may have felt compelled to vary response types due to demand
characteristics. This suggests that systematic design differences
across tasks could alter response strategies and differentially affect
how people integrate decision evidence with a criterion. For in-
stance, Franks and Hicks (2016) observed no relationship in the
extent of criterion shifting when comparing across recognition
memory tests that implemented a base rate manipulation with a
blocked design versus a strength-based manipulation with an un-
blocked design. Even if altering the memory strength of items is
considered a valid criterion manipulation, a blocked design allows
participants to shift and maintain a decision criterion throughout a
test block whereas an unblocked design requires individuals to
shift criteria on a trial-by-trial basis. Some individuals may be less
willing to change decision strategies on a trial-by-trial basis com-
pared with changing strategies once per test block (see Stretch &
Wixted, 1998b). These differing task designs may have disrupted
the stability of criterion shifting between the two bias manipula-
tions that may otherwise be quite strong if both tasks incorporated
the same design structure. Task design inequalities that could also
differentially affect individual criterion shifting tendencies may
result from other disparate design features such as differences in
stimulus complexity or presentation times. For example, Frithsen
and colleagues (2018) observed the weakest correlation in the
extent of criterion shifting when comparing between a recognition
memory test for faces and a visual detection test for the presence
of a white blob on a noisy background. The critical difference in
the design of the two tasks is that the face stimuli appeared for
1,500 ms whereas the white blob stimuli appeared for less than 350
ms. If task design differences are the culprit for this weak rela-
tionship, then homogenizing the presentation times across tests
should improve the stability of criterion shifting between the two
decision domains. For example, Aminoff and colleagues (2012)
implemented identical recognition memory task designs that either
used word or face stimuli and found a strong relationship in the
extent of criterion shifting across the two tasks, 7(93) = .58. The
effect of differing task designs on criterion shifting tendencies is
poorly understood but should be considered when assessing crite-
rion shifting stability across tasks. Nevertheless, strong relation-
ships in criterion shifting should be observed across all test types
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and decision domains when demand characteristics are equivalent,
if criterion shifting tendencies are truly a stable cognitive trait.

To provide evidence that strategic criterion shifting tendencies
are a stable cognitive trait, we sought to empirically demonstrate
that individual criterion shifting tendencies (a) are stable over
multiple testing sessions, (b) generalize across decision domains
when demand characteristics are held constant, and (c) are not
epiphenomenal of another trait or simply reflect a lack of motiva-
tion to perform well on the tasks. Most studies comparing the
cross-task stability of criterion shifting occur within a single re-
search visit (Aminoff et al., 2012; Frithsen et al., 2018; Kantner et
al., 2015). However, individual criterion shifting tendencies may
change over time. Franks and Hicks (2016), to our knowledge,
provide the only report that criterion shifting in recognition mem-
ory is stable over time, but these results only included two time
points across two days. We assessed the stability of criterion
shifting over longer time periods in Experiments 1 and 2, where
participants conducted test-retest recognition memory tasks on 10
separate days across six weeks. In Experiment 3, we examined the
test—retest reliability of criterion shifting tendencies across deci-
sion domains by comparing performance on recognition memory
and visual detection tests (with equivalent demand characteristics)
across two separate testing sessions. In both sessions, participants
also conducted a test-retest battery of other cognitive tasks and
questionnaires to determine whether other factors are related to
individual criterion shifting tendencies. Aminoff and colleagues
(2012) attempted to search for factors, such as cognitive style,
personality traits, and executive functioning skills, that may ex-
plain individual differences in the extent of criterion shifting.
Despite administering many questionnaires that assess a wide
variety of cognitive and personality characteristics, only a few
measures showed significant relationships with the extent of cri-
terion shifting. These included positive relationships with a fun-
seeking personality and verbal cognitive style as well as a negative
relationship with characteristics of a negative affect. However, no
published studies have attempted to replicate these findings. In
Experiment 3, we attempted to both replicate some of these pre-
viously reported relationships and probe several novel factors,
such as performance on tasks assessing risk aversion, response
inhibition, working memory, and task-switching ability. We also
examined whether a motivation to perform well on these tasks
related to criterion shifting tendencies.

Another intriguing possibility is that individual differences in stra-
tegic criterion shifting tendencies are related to individual decision
strategies for reporting confidence in recognition memory judgments.
In lieu of criterion manipulations, many recognition memory studies
implement confidence ratings to measure criterion shifts because
confidence judgments require individuals to establish multiple deci-
sion criteria to differentiate between various levels of memory
strength (Macmillan & Creelman, 2005; Yonelinas & Parks, 2007).
Because many recognition studies implement confidence ratings to
assess criterion shifts, it is reasonable to predict that both encompass
similar decision processes. The ability to provide a confidence rating
to a recognition memory judgment is believed to represent an indi-
vidual’s meta awareness for the amount of familiarity strength that an
item elicits (Koriat, 2007). Confidence ratings are oftentimes used to
assess measures of meta awareness, such as metacognitive sensitivity
(how accurately one can distinguish between correct and incorrect
responses) and metacognitive bias (the propensity to make judgments
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with the highest levels of confidence regardless of performance;
Fleming & Lau, 2014). Previous studies demonstrated that individuals
typically have high metacognitive sensitivity, where judgments made
with high confidence are generally more accurate than low confidence
judgments (Mickes, Hwe, Wais, & Wixted, 2011; Mickes, Wixted, &
Wais, 2007). However, Mickes and colleagues (2011) found individ-
ual differences in metacognitive bias—some reserve the most confi-
dent responses for the strongest (or weakest) of memories while
others make high confidence responses more frequently, even when
discriminability is held constant. Similar to strategic criterion shifting,
obtaining appropriate confidence ratings from participants requires
very little training and occurs immediately. Given the commonalities
between rating confidence and strategic criterion shifting, it is possi-
ble that criterion shifting tendencies are driven by an individual’s
meta awareness of familiarity strength in test items. If this is the case,
then individual tendencies to shift criteria should be directly related to
measures of metacognitive sensitivity or metacognitive bias. For
example, people with high metacognitive sensitivity might be more
capable of shifting criteria to large extents relative to those who
struggle with distinguishing between strong versus weak memory
evidence. Individuals with high metacognitive bias have a lax stan-
dard for the amount of memory evidence needed (or lack thereof) to
make recognition judgments with high confidence, which could result
in smaller criterion shifts if participants shift criteria based on the level
of confidence in “old” or “new” responses. Alternatively, strategic
criterion shifting tendencies and tendencies to report meta awareness
in test items via confidence ratings may represent completely different
decision process. Miller and Kantner (2020) conducted post hoc
analyses on previously reported data in which participants both shifted
criteria and rated confidence, but found no relationship between the
extent of criterion shifting and metacognitive bias. However, no
studies have systematically assessed this relationship a priori. In
Experiments 4 and 5, we examined whether individual differences in
strategic criterion shifting tendencies related to metacognitive sensi-
tivity or metacognitive bias.

Taken together, we predicted that individual tendencies in the
extent of strategic criterion shifting would be stable across time and
decision domains while being unrelated to other factors such as
performance on other cognitive tasks, personality traits, motivation to
perform well, metacognitive sensitivity, or metacognitive bias. We
believe that stable differences in criterion shifting tendencies reflect
individual differences in people’s willingness to ignore uncertain
evidence in favor of a decision strategy that optimizes decisional
outcomes (Aminoff et al., 2012; Green & Swets, 1966; Kantner et al.,
2015; Miller & Kantner, 2020) as opposed to individual differences in
people’s ability to shift criteria. Because we believe all individuals
should be capable of shifting criteria to great extents, we do not
expect strategic criterion shifting tendencies to be related to other
abilities or characteristics.

General Method

Participant Recruitment

Participants enrolled in the five experiments via the University
of California Santa Barbara (UCSB) paid research participation
website. The experiments received approval from the UCSB Hu-
man Subjects Committee Institutional Review Board and all par-
ticipants provided written informed consent.
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Signal Detection Theory

Across all five experiments we used an equal-variance signal
detection theory (SDT) model to calculate discriminability (d"),
criterion placement (c), and criterion shifting (C; Macmillan &
Creelman, 2005). For each test condition, we summed the number
of hit (H), miss (M), correct rejection (CR), and false alarm (FA)
trials to compute hit rate (HR), false alarm rate (FAR), percent
correct (PC), and SDT measures through the following equations:

HR= H/(H + M)
FAR = FA/(CR + FA)
d'= z(HR) — z(FAR)
c=—0.5X[z(HR) + z(FAR)]
C = c(conservative) — c(liberal)
PC= H + CR)/(H + M + CR + FA),

where z represents the density of the standard normal distribution
(Macmillan & Creelman, 2005; Stanislaw & Todorov, 1999). To
prevent infinite normalized values, we adjusted rare occurrences of
HRs and FARs of 0% and 100% by adding or subtracting, respec-
tively, 1 divided by the total number of trials within a test condi-
tion (see Macmillan & Kaplan, 1985). Of the 5,510 HRs computed
across all five experiments, 88 required correction whereas a total
of 155 of 5,510 FARs underwent correction.

Equal-variance SDT models assume that the variance of the
target and lure distributions are equal. However, recognition mem-
ory experiments reveal that the target distribution typically has
greater variance than the lure distribution indicating that unequal-
variance SDT models provide more accurate measures of discrim-
inability and criterion placement (Egan, 1958; Mickes et al., 2007).
The challenge with implementing an unequal-variance SDT model
is that it requires many criterion manipulations or confidence
ratings to accurately assess the degree to which the variance of the
target and lure distributions are unequal (Macmillan & Creelman,
2005). We therefore implement an equal-variance SDT model,
because all five experiments include criterion shift tasks that only
have two or three criterion manipulations. In the online supple-
mental materials we report results from an unequal-variance SDT
model, which are generally consistent with the findings from the
equal-variance SDT model in regards to the stability of individual
criterion shifting tendencies.

Criterion placement and discriminability are behaviorally inde-
pendent processes; however, a statistical relationship exists in SDT
between the optimal criterion placement of an ideal observer® and
the extent of discriminability when a biased decision criterion is
advantageous (i.e., the more uncertain the discrimination, the more
extreme the criterion should be; Macmillan & Creelman, 2005).
Therefore, we must control for potential changes in criterion
placement that simply arise from changes in discriminability. To
do this, we residualize ¢ against d’" across all participants within
each test condition and session to obtain normalized ¢ (c,,) values,
which ensures statistical independence (see Aminoff et al., 2012).
This computation consists of correlating ¢ with d' and adding the
residuals of ¢ to the grand mean of ¢ to obtain ¢, values. This
ensures no linear relationship between c,, and d’ values (i.e., r =
0) across participants within the specific test conditions of each
session (e.g., conservative criterion condition in Session 1). This
correction is advantageous because it removes the correlation
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between ¢ and d" while maintaining the same group average for ¢
(i.e., mean ¢,, = mean c¢). We obtained normalized C (C,)) values
by taking ¢, in the conservative condition and subtracting c,, in the
liberal condition. In the online supplemental materials we report
results using ¢ values without correcting for changes in d’, which
produce similar results as the ¢, values with regard to criterion
shifting stability.

Although we believe that some form of the standard measure of
¢ best represents a strategic threshold of memory strength for
responding “old” on a recognition test, there are limitations to this
measure. For instance, ¢ cannot determine the source of the biases,
which may not necessarily arise from decision processes alone
(Witt, Taylor, Sugovic, & Wixted, 2015). Our experiments in-
duced low discriminability and included extreme criterion manip-
ulations in an attempt to induce large strategic criterion shifts,
which should overpower the contributions of nondecisional biases.
Additionally, we only changed the instructions for each criterion
manipulation (not the task parameters themselves) and randomized
conditions both between and within subjects, so biases arising
from nondecisional sources should be relatively equivalent across
criterion conditions. Other common measures of decision bias,
such as relative criterion (¢’ = ¢/d") and log likelihood ratios
(In[B] = ¢ X d") become nonmonotonic at very low levels of d’
and reach infinity or zero, respectively, when d' = 0. Because
several of our testing conditions resulted in very low mean d’
values, we avoided using such measures. Nevertheless, in the
online supplemental materials we include a table of many decision
bias measures, which demonstrate that the consistency of criterion
shifting tendencies across sessions and tasks are fairly similar
regardless of the criterion shift measure.

Statistical Analysis

Effect size measures of Cohen’s d and Pearson r correlation
coefficients are reported with 95% CIs. Any CI spanning zero is
considered nonsignificant. When assessing whether multiple cor-
relation coefficients are statistically significant, we controlled for
the false discovery rate (FDR) as described by Benjamini and
Hochberg (1995). Averaged group results are presented with SD
values that are adjusted for within-subject variables using the
method described in Morey (2008). For nonsignificant Pearson
correlation coefficients, we implemented the BayesFactor package
(Morey et al., 2018) in R to compute Bayes factors that assess the
strength of evidence for the null versus alternative hypotheses
(BF,,) using uninformed uniform priors. BF,, values greater than
three are considered strong evidence for the null hypothesis (see
Jeffreys, 1961).

Materials

Experiments 1, 2, 4, and 5 contained face stimuli drawn from the
10k U.S. Adult Faces database (Bainbridge, Isola, & Oliva, 2013).

*We use the term “ideal observer” to reference an individual who
responds in a way that maximizes accuracy or payoffs (depending on the
intended goals of the task) in an SDT framework. However, “ideal”
performance will differ depending on the theoretical model and the specific
goals of the individual, which may differ from the intended goals of the
task (see Malmberg, 2008).
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The stimulus set of Experiment 3 contained two versions of 1,024
scene images. One version contained a single person whereas an
edited version did not include a person. All scene stimuli derived
from a cropped 500 X 500 pixel portion of images found on
several open source online databases. Participants conducted all
tasks at a computer using MATLAB version R2016B that incor-
porated open source code from Psychophysics Toolbox, v3 (Brain-
ard, 1997).

Experiments 1 and 2

In determining whether the tendency to strategically criterion
shift is a stable cognitive trait, we first assessed the test-retest
reliability of criterion shifting during recognition memory tests for
faces across 10 sessions in the span of six weeks. In Experiment 1
we used a payoff manipulation to incentivize criterion shifting,
where participants received payment at the end of each session
based entirely on an individual’s performance. Participants earned
five cents for each correct response, lost 10 cents for critical errors
(either false alarms or misses), but received no penalty for non-
critical errors. The likelihood of encountering old and new images
remained equal in Experiment 1, but criterion shifting in this
paradigm is advantageous for avoiding costly critical errors. When
the critical error is a false alarm, participants should maintain a
conservative criterion, but a liberal criterion becomes advanta-
geous when the critical error is a miss. Perfect accuracy during an
Experiment 1 session would result in a payment of $30, but
participants could easily earn $15 by simply maximizing responses
(i.e., always choosing the response that went unpenalized if incor-
rect). Experiment 2 followed similar procedures as Experiment 1
except a base rate manipulation induced criterion shifts and ev-
eryone earned $10 per session regardless of performance. Franks
and Hicks (2016) showed that a base rate manipulation during
recognition tests for words produced a modest test—retest relation-
ship in the extent of criterion shifting across two testing sessions
separated by 48 hr, r(109) = .38. We investigated whether test—
retest relationships in criterion shifting tendencies during recogni-
tion memory is sustained across many testing sessions.

Although criterion shifting tendencies are consistent across pay-
off and base rate manipulations when conducted within the same
testing session (Frithsen et al., 2018; Kantner et al., 2015), we
examined whether the extra monetary incentive to shift in Exper-
iment 1 affected the stability of criterion shifting over fime. For
instance, participants in Experiment 1 who initially inadequately
shift criteria may learn to shift to greater extents in subsequent
sessions because doing so results in greater payouts. Participants in
Experiment 2 lacked this additional monetary incentive to shift
criteria, which could affect the long-term stability of criterion
shifting. For example, some participants may shift criteria more
extremely across sessions to improve accuracy whereas others may
become less concerned about shifting criteria and more focused on
completing the task as quickly as possible. If strategic criterion
shifting tendencies are a stable cognitive trait, then there should be
strong test-retest relationships in the extent of criterion shifting
over time regardless of the type of criterion manipulation.

For strategic criterion shifting tendencies to be considered a
stable trait, the test—retest reliability of criterion shifting should be
as strong as other performance measures that are believed to reflect
cognitive traits. In both experiments we included a neutral criterion

LAYHER, DIXIT, AND MILLER

condition where participants either received no penalty for any
errors (Experiment 1) or the likelihood of encountering a target or
nontarget remained equal at test (Experiment 2). This allowed us
to assess whether the test-retest reliability of criterion shifting is as
stable as criterion placement in situations where criterion shifting
yields no advantage, which Kantner and Lindsay (2012, 2014)
identified as a stable cognitive trait (though this is by no means a
standard for what should constitute a “stable cognitive trait”). If
criterion shifting proves to be as stable as criterion placement in
the neutral criterion condition, then we believe the tendency to
strategically shift criteria should also be considered a stable cog-
nitive trait.

An additional factor that may affect the stability of criterion
shifting tendencies is the strength of discriminability (i.e., how
well participants can distinguish between studied and novel test
images). According to SDT, as the strength of discriminability
increases the need to criterion shift decreases (Macmillan & Creel-
man, 2005). Though most people fail to shift criteria to an extent
that maximizes accuracy or payoffs during recognition memory
tests (Aminoff et al., 2012, 2015; Frithsen et al., 2018; Kantner et
al., 2015), studies of the strength-based mirror effect reveal that
changes in the level of discriminability can affect the extent of
criterion shifting (Franks & Hicks, 2016; Glanzer & Adams,
1985), regardless of whether these changes are believed to result
from strategic criterion shifts (Stretch & Wixted, 1998b) or not
(Criss, 2006). In both experiments we altered the strength of
discriminability after the first five sessions to assess whether the
extent of criterion shifting becomes less (or more) stable as dis-
criminability improves. In situations where a neutral criterion is
most advantageous, SDT predicts that changes in discriminability
should not impact the stability of criterion placement because an
ideal observer should always maintain an unbiased criterion re-
gardless of whether memory strength is strong or weak (Macmillan
& Creelman, 2005). We predicted criterion shifting tendencies to
be as stable as neutral criterion placement tendencies regardless of
the criterion manipulation or level of discriminability.

Method

Participants. Thirty-nine participants successfully completed
all 10 test-retest sessions on separate days across six weeks in
Experiment 1 (10 males; M = 19.7 years, range = 18-28 years,
SD = 1.7). A separate sample of 39 participants completed Ex-
periment 2 within a 6-week span (11 males; M = 19.8 years,
range = 18-37 years, SD = 3.1). Additional participants failed to
complete all 10 sessions in Experiment 1 (five) and Experiment 2
(seven) and are excluded from all analyses. Participants in Exper-
iment 1 earned anywhere from $5-$30 per session depending on
performance (see the Procedure section) whereas participants in
Experiment 2 received $10 per session. Participants in both exper-
iments earned an additional $50 bonus for completing all 10
sessions.

Procedure. The recognition memory task consisted of three
blocks where each of the 10 self-paced sessions lasted for 20—60
min. A block consisted of a 100-image study phase followed by a
200-image test phase. Each session contained three different test
phase conditions (conservative, liberal, and neutral) where instruc-
tions prior to each test phase (unless otherwise specified) explicitly
informed participants of an advantage for establishing a conserva-
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tive, liberal, or neutral decision criterion, respectively. A discrim-
inability manipulation occurred after session five where the num-
ber of times each image appeared during the study phase changed.
In the low discriminability condition, each study image appeared
once whereas study images in the moderate discriminability con-
dition appeared five times.

During each study phase, participants passively viewed a se-
quence of 100 unique face images on a black background in the
center of a computer screen for 300 ms followed by a 200-ms
blank screen presentation. The quick presentation time induced
low discriminability making it more advantageous to shift criteria.
During the test phases, each image appeared in the center of the
screen with text displayed above the image to remind participants
of the criterion condition. A number of “0” or “1” appeared at the
bottom of the screen to indicate the keyboard button corresponding
to an “old” (studied) or “new” (unstudied) response, which ran-
domly changed on a trial-by-trial basis. Images remained on screen
until the participant made a response. Participants received feed-
back at the end of each session indicating the amount of money
earned (Experiment 1) or the percentage of correct trials obtained
(Experiment 2) for the entire session.

In each test phase of Experiment 1, participants received five
cents for correctly responding “old” to a studied image (a hit) and
“new” to an unstudied image (a correct rejection). Incorrect re-

Experiment 1
Study phase

Block 1
conservative

liberal

Block 2

Block 3
neutral

Discriminability conditions
Low: 100 images (1x)
Moderate: 100 images (5x)

Figure 1.

1=0LD
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sponses consisted of penalized critical errors and penalty-free
noncritical errors. In the conservative condition, participants lost
10 cents for responding “old” to an unstudied image (a false alarm)
but did not lose money for responding “new” to a studied image (a
miss). In the liberal condition, participants lost 10 cents for a miss,
but received no penalty for a false alarm. In the neutral condition,
participants did not lose any money for false alarms or misses.
Participants conducted the conservative, liberal, and neutral test
phases in three separate blocks, each of which included 100
studied and 100 novel images. We presented the conservative,
liberal, and neutral test blocks in a pseudorandom order across
sessions and subjects. All participants conducted the low discrim-
inability condition for Sessions 1-5 and the moderate discrim-
inability condition for Sessions 6-10 (Figure 1).

In each test phase of Experiment 2, a studied item appeared 25%
(conservative), 75% (liberal), or 50% (neutral) of the time during
a test block. Importantly, the probability manipulations in Exper-
iment 2 and the payoff manipulations in Experiment 1 required the
same conservative, liberal, and neutral criterion placements for
optimal performance according to the equal-variance SDT model
(see Macmillan & Creelman, 2005). Unlike Experiment 1, partic-
ipants did NOT receive information about the 50% likelihood of
encountering a studied item in the neutral condition to ensure that
explicit instructions did not affect an individual’s criterion place-

End of session
feedback

Test phase

-$0.10 for incorrect “OLD” responses

@ You earned $11.25
&Y

W for today’s session

0=NEW

-$0.10 for incorrect “NEW” responses

unlimited
response
time

No penalty for incorrect responses

The order of the three
criterion conditions are
pseudo-randomized
across sessions and
participants

£

100 old and 100 new images per block

10 sessions (5 low and 5 moderate discriminability)

Experiment 1 recognition memory task. A 100-image study block preceded a 200-image test block

for each criterion condition (conservative, liberal, and neutral). A payoff manipulation induced criterion shifts
where participants earned 5 cents for correct responses, lost 10 cents for critical errors, but did not lose money
for noncritical errors. At the end of each session, participants received feedback on total money earned for that
session. See the online article for the color version of this figure.
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ment tendencies. The neutral criterion block always occurred first,
whereas test blocks 2 and 3 consisted of two parts: a 100-image
conservative (25 studied, 75 novel images) and a 100-image liberal
(75 studied, 25 novel images) test mini block. Instructions ap-
peared before each mini block to indicate the likelihood of en-
countering a studied item. The mini block presentation order
appeared pseudorandomly so that each session consisted of the two
possible order types (conservative before liberal, or vice versa) and
the block orders switched every other session (conservative in test
block two or three). Twenty participants conducted the low dis-
criminability condition in Sessions 1-5 and moderate discrim-
inability condition in Sessions 6—10, whereas 19 participants con-
ducted the low and moderate discriminability conditions in the
reverse order (Figure 2). Experiments 1 and 2 included the same
6,000 unique face images (600 per session) and each participant
received a completely randomized assignment and presentation
order for the target and nontarget images.

Statistical analysis. Though we did not preregister our hy-
potheses for Experiments 1 and 2, we predicted C, to be as stable
as ¢,, in the neutral criterion condition (neutral c,,), regardless of the
criterion manipulation or extent of d’. Here we report Pearson r
correlation coefficients for the nine session-to-session compari-
sons as well as all 45 pairwise comparisons across the 10 sessions
for values of C,, and neutral ¢,. We also compare the relationship
between C,, and neutral c,, across all 10 sessions as well as C,, and
the absolute value of neutral ¢, (as a measure of criterion extreme-
ness). In the online supplemental materials we report session-to-

Experiment 2
Study phase

Mini block 1

re)
©

1=0LD

Block 1
neutral

Block 2
conservative

1=0LD

ra
&

1=NEW

Block 3
liberal

Discriminability conditions
Low: 100 images (1x) 10

Some images are “OLD”

0=NEW

25% of images are “OLD”

0=NEW

75% of images are “OLD”

0=0LD

LAYHER, DIXIT, AND MILLER

session correlation coefficients for criterion shifting and neutral
criterion placement using a variety of different SDT measures.

Results and Discussion

Experiment 1. Mean d' across all low discriminability ses-
sions (M = 0.41, SD = 0.43) remained lower compared with the
mean d' of the moderate discriminability sessions (M = 0.87,
SD = 0.59), d = 1.00, 95% CI [0.88, 1.12], confirming that
viewing stimuli once versus five times during the study phase
effectively modulated discriminability. On average, participants in
the low discriminability condition shifted between c,, in the con-
servative (M = 1.03, SD = 0.63) and liberal criterion conditions
(M = —1.00, SD = 0.71), d = 2.94, 95% CI [2.65, 3.23], as well
in the moderate discriminability condition between the conserva-
tive (M = 1.00, SD = 0.56) and liberal criterion conditions
M = —098, SD = 0.70), d = 3.05, 95% CI [2.76, 3.35].
Surprisingly, mean C,, did not significantly differ between the low
(M = 2.03, SD = 1.00) and moderate (M = 1.98, SD = 0.77)
discriminability conditions, d = 0.05, 95% CI [—0.15, 0.25], even
though SDT predicts that lower discriminability will lead to
greater criterion shifts (see Macmillan & Creelman, 2005). Table
1 shows a complete list of mean ¢, C,, d’, and PC values for each
session as well as for the low and moderate discriminability
conditions combined across sessions.

In the neutral criterion condition, ¢, remained fairly consistent
across the 10 sessions, 7(37) session-to-session range: .45-.74,

Test phase

Mini block 2

End of session
feedback

Some images are “OLD”

@

1=NEW 0=0LD

You got 70% of
trials correct

75% of images are “OLD”

(N
L)

1=NEW 0=0LD

unlimited
response
time

25% of images are “OLD”

&

1=0LD

The neutral criterion
condition always
occurred first. Blocks 2
and 3 are pseudo-
randomized to either
show the conservative
or liberal condition first.

conservative

0=NEW

100 old and 100 new images across both mini blocks within each block

Moderate: 100 images (5x)

Figure 2.

(5lowand 5

discriminability)

Experiment 2 recognition memory task. A 100-image study block preceded two 100-image test mini

blocks for each criterion condition (conservative, liberal, and neutral). A base rate manipulation induced criterion
shifts where “old” images appeared either 25% (conservative), 50% (neutral), or 75% (liberal) of the time. At
the end of each session, participants received feedback on the percentage of correct trials for that entire session.

See the online article for the color version of this figure.
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Experiment 1 Mean and Standard Deviation Values (in Parentheses) for c,, (Three Criterion
Conditions), C,, d', and PC for Each of the 10 Sessions and Collapsed Across the Low and

Moderate (Mod) Discriminability Conditions

Cn

Session Conservative Neutral Liberal C, d PC
1 0.75 (0.59) 0.22 (0.41) —0.76 (0.67) 1.51 (0.89) 0.36 (0.28) 55.28% (4.22)
2 1.06 (0.53) 0.00 (0.44) —1.05 (0.66) 2.11 (0.81) 0.39 (0.30) 55.03% (4.30)
3 1.06 (0.60) 0.00 (0.61) —1.04 (0.59) 2.10 (0.53) 0.45 (0.33) 55.59% (4.01)
4 1.10 (0.60) 0.13 (0.45) —1.04 (0.60) 2.14 (0.63) 0.38 (0.34) 54.92% (3.83)
5 1.18 (0.53) 0.13 (0.50) —1.10 (0.71) 2.28 (0.56) 0.46 (0.33) 55.36% (4.04)
6 0.93 (0.57) 0.07 (0.54) —0.86 (0.65) 1.78 (0.64) 0.88 (0.44) 61.74% (5.45)
7 1.05 (0.48) 0.16 (0.38) —1.08 (0.73) 2.13(0.47) 0.89 (0.43) 61.15% (5.62)
8 1.00 (0.46) —0.02 (0.39) —0.97 (0.60) 1.96 (0.50) 0.87 (0.45) 61.05% (5.43)
9 0.99 (0.54) 0.09 (0.41) —0.99 (0.66) 1.98 (0.59) 0.86 (0.41) 61.00% (5.99)
10 1.04 (0.57) 0.08 (0.45) —0.98 (0.59) 2.02 (0.62) 0.84 (0.47) 61.01% (6.28)
Low 1.03 (0.63) 0.10 (0.53) —1.00 (0.71) 2.03 (1.00) 0.41 (0.43) 55.24% (5.47)
Mod 1.00 (0.56) 0.08 (0.47) —0.98 (0.70) 1.98 (0.77) 0.87 (0.59) 61.19% (7.72)
Note. ¢, = normalized criterion placement; C,, = normalized criterion shifting; d' = discriminability; PC =

percent correct.

Mdn = .54; all pairwise comparisons range: .18-.74, Mdn = 51,
which is comparable with all of the test-retest relationships of ¢
reported by Kantner and Lindsay (2012, 2014; range: .31-.81,
Mdn = .64). Correlations of C,, r(37) session-to-session range:
.58-.85, Mdn = .75; all pairwise comparisons range: .38—.85,
Mdn = .68, remained high despite the discriminability manipula-
tion that occurred after the first five sessions. Figure 3 shows
matrices of Pearson correlations for all 45 pairwise comparisons of
neutral ¢, and C,,. No significant relationships existed between C,,
and neutral ¢, across any of the 10 sessions after FDR correction,
r(37) range: —.14-34, Mdn = .01; BF,, range: 0.56-4.96,
Mdn = 4.20, providing support to the assumption that criterion
shifting and placement are independent behaviors. We also tested
whether individual tendencies to establish extreme criteria in the

neutral condition (regardless of whether individuals established
more conservative or liberal criteria) related to the extent of
criterion shifting, but found no consistent relationship between C,,
and the absolute value of neutral ¢, after FDR correction, r(37)
range: —.14—.43, Mdn = .09; BF,), range: 0.13-4.94, Mdn = 4.10.
Figure 4 displays c,, values for each criterion condition across all
10 sessions, ordered from left to right based on who shifted criteria
to the greatest extent during Session 10.

Experiment 2. Although some participants conducted the low
discriminability condition in Sessions 1-5 and others in Sessions
6-10, we report statistics with all 39 subjects together (see the
online supplemental materials for analyses of the two groups
separately). Mean differences are computed within the discrim-
inability conditions regardless of session number and correlation

C, Experiment 1: Payoffs neutral c,
190 Fi581 li61Y 50N NS4 Wiss i ESa Mool IE4oH A I 508 a4 2ol 128 2 E7 o7l WA (844
g( 2 75 53 58 38 70 55 43 34 44 2 48 49 66 40 57 .73 51 50
# & 3 71 79 66 78 68 68 61 ¥ 4 3 54 49 w0 49 8 68 52
# # F 4 8266 68 59 70 75 #* # 4 74 49 68 57 60 64
f”{f"f 5 71 80 .71 .79 69 4 # # £ 5 45 60 65 48 58
o F AP e 2757274 M F W F 6 52 8 o w2
g Y2 A 7T 58168 AP F T 6165 66
P T e N A
PREPEEE IS o m HA SRR R A 0w
PRIFFEFES 0B p b2 H 0
Figure 3. Experiment 1 Pearson correlation matrices comparing all 45 pairwise comparisons of normalized

criterion shifting (C,; left) and neutral normalized criterion placement (c,,; right). The left side of each matrix
displays the regression line for each comparison whereas the right side shows Pearson r values (red values
(values = .53) are p < .001, FDR-corrected). The diagonal displays the session number along with the
distribution of values (in white) for each session. See the online article for the color version of this figure.
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Figure 4. Experiment 1 normalized criterion placement (c,) values for each participant and the mean (M) in
the conservative and liberal criterion conditions (top) as well as the neutral criterion condition (bottom) across
the 10 sessions. The extent of criterion shifting is depicted by the distance between the triangles representing the
conservative and liberal ¢, values. Participants are ordered from left to right based on who shifted criteria the
most during Session 10. Participants on the left have a large spread between conservative and liberal c,, values,
but the magnitude of the spread steadily decreases as you view subjects from left to right. The dotted lines
emphasize this criterion shifting trend by connecting the Session 10 conservative and liberal ¢, values of the
leftmost and rightmost subjects. The range and median session-to-session Pearson correlation coefficients are

shown for normalized criterion shifting (C,,; top) and neutral c,, (bottom) below the graph titles. See the online

article for the color version of this figure.

coefficients are computed across session number regardless of the
order of the discriminability conditions.

Mean d' remained lower in the low discriminability sessions
(M = 0.27, SD = 0.46) relative to the moderate discriminability
sessions (M = 0.85, SD = 0.66), d = 1.16, 95% CI [1.04, 1.28].
On average, participants in the low discriminability condition
shifted between c,, in the conservative (M = 0.86, SD = 0.59) and
liberal criterion conditions (M = —0.34, SD = 0.73), d = 1.83,
95% CI [1.59, 2.06], as well as in the moderate discriminability
condition between the conservative (M = 0.82, SD = (0.56) and
liberal criterion conditions (M = —0.53, SD = 0.53), d = 2.61,
95% CI [2.34, 2.88]. As in Experiment 1, mean C, did not
significantly differ in the low (M = 1.20, SD = 0.85) versus
moderate (M = 1.35, SD = 0.89) discriminability conditions, d =

0.15,95% CI [—0.05, 0.35]. Table 2 shows a complete list of mean
¢,» C,,d', and PC values for each session as well as for the low and
moderate discriminability conditions combined across sessions.
Similar to Experiment 1, correlation coefficients for neutral c,,
r(37) session-to-session range: .68—.82, Mdn = .76; all pairwise
comparisons range: .10—.82, Mdn = .59, are comparable with the
test—retest relationships of ¢ reported by Kantner and Lindsay
(2012, 2014; range: .31-.81, Mdn = .64). Strong correlation co-
efficients of C,, persisted across sessions, r(37) session-to-session
range: .71-.89, Mdn = .83; all pairwise comparisons range: .11—
.90, Mdn = .67, despite counterbalancing the order in which
participants conducted the low and moderate discriminability con-
ditions. Figure 5 shows matrices of Pearson correlations for all 45
pairwise comparisons of neutral ¢, and C,. Across the 10 sessions,
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Experiment 2 Mean and Standard Deviation Values (in Parentheses) for c,, (Three Criterion
Conditions), C,, d', and PC for Each of the 10 Sessions and Collapsed Across the Low and

Moderate (Mod) Discriminability Conditions

CVl
Session Conservative Neutral Liberal C, d' PC
1 0.60 (0.51) 0.16 (0.33) —0.36 (0.39) 0.96 (0.85) 0.67 (0.51) 66.62% (8.40)
2 0.70 (0.42) 0.18 (0.30) —0.27 (0.42) 0.97 (0.51) 0.63 (0.50) 65.91% (9.55)
3 0.83 (0.49) 0.23 (0.34) —0.38 (0.54) 1.20 (0.57) 0.62 (0.51) 66.29% (9.33)
4 0.81(0.43) 0.34 (0.30) —0.34 (0.52) 1.15(0.52) 0.62 (0.50) 66.06% (9.49)
5 0.81(0.41) 0.37 (0.24) —0.30 (0.60) 1.11 (0.50) 0.51 (0.48) 64.06% (9.11)
6 0.85 (0.45) 0.25 (0.25) —0.41 (0.56) 1.26 (0.47) 0.58 (0.59) 66.34% (10.34)
7 0.91 (0.63) 0.34 (0.25) —0.49 (0.72) 1.40 (0.68) 0.55 (0.55) 65.79% (9.74)
8 1.04 (0.57) 0.37 (0.26) —0.56 (0.70) 1.59 (0.69) 0.54 (0.56) 66.25% (10.13)
9 0.91 (0.57) 0.32 (0.46) —0.61 (0.66) 1.53 (0.56) 0.49 (0.51) 65.60% (9.14)
10 0.95 (0.66) 0.33(0.37) —0.61 (0.70) 1.57 (0.71) 0.40 (0.47) 64.18% (9.83)
Low 0.86 (0.59) 0.38 (0.32) —0.34 (0.73) 1.20 (0.85) 0.27 (0.46) 61.50% (11.90)
Mod 0.82 (0.56) 0.20 (0.34) —0.53(0.53) 1.35(0.89) 0.85 (0.66) 69.92% (10.68)
Note. ¢, = normalized criterion placement; C,, = normalized criterion shifting; d’ = discriminability; PC =

percent correct.

only 1 significant relationship existed between C,, and neutral c,,
after FDR correction (Session 8: r[37] = —.45, 95% CI
[—.67, —.15]). However, no obvious relationships existed when
considering all 10 sessions together, r(37) range: —.45-.19,
Mdn = —.14; BF,,, range: 0.10-4.99, Mdn = 2.33. We also found
no consistent relationship between C, and the absolute value
of neutral ¢, across the 10 sessions, r(37) range: —.36-.21,
Mdn = —.04; BF,, range: 0.44-5.00, Mdn = 3.63. Figure 6
displays ¢, values for each criterion condition across all 10 ses-
sions, ordered from left to right based on who shifted criteria to the
greatest extent during Session 10.

Comparing across Experiments 1 and 2, participants on average
shifted criteria to a greater extent in Experiment 1 (M = 2.00,
SD = 1.08) versus Experiment 2 (M = 1.27, SD = 1.02), d = 0.69,

95% CI [0.55, 0.84]. We believe this occurred because the mon-
etary incentive encouraged some individuals to shift criteria to
greater extents in Experiment 1, because doing so increased total
payout. Participants in Experiment 2 lacked this extra incentive to
shift criteria because everyone received the same payment regard-
less of performance. However, it is important to note that some
individuals in Experiment 1 did not shift to great extents (even by
the 10th session; see the rightmost subjects in the top graph of
Figure 4), whereas some individuals in Experiment 2 consistently
shifted to large extents even though doing so did not affect the
amount of money received (see the leftmost subjects in the top
graph of Figure 6). This suggests that there could be individual
differences in the factors that motivate individuals to shift criteria
to greater extents. Future studies must confirm our prediction that
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Figure 5. Experiment 2 Pearson correlation matrices comparing all 45 pairwise comparisons of normalized

criterion shifting (C,; left) and neutral criterion placement (c,

right). The left side of each matrix displays the

n

regression line for each comparison whereas the right side shows Pearson r values (red values (values = .53) are
p < .001, FDR-corrected). The diagonal displays the session number along with the distribution of values (in
white) for each session. See the online article for the color version of this figure.
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Figure 6. Experiment 2 normalized criterion placement (c,,) values for each participant and the mean (M) in the
conservative and liberal criterion conditions (top) as well as the neutral criterion condition (bottom) across the 10
sessions. The extent of criterion shifting is depicted by the distance between the triangles representing the conservative
and liberal c,, values. Participants are ordered from left to right based on who shifted criteria the most during Session
10. Participants on the left have a large spread between conservative and liberal ¢, values, but the magnitude of the
spread steadily decreases as you view subjects from left to right. The dotted lines emphasize this criterion shifting
trend by connecting the Session 10 conservative and liberal c,, values of the leftmost and rightmost subjects. The range
and median session-to-session Pearson correlation coefficients are shown for normalized criterion shifting (C,,; top)
and neutral ¢, (bottom) below the graph titles. See the online article for the color version of this figure.

monetary incentives motivate some individuals to shift criteria to
larger extents because it is possible that people may generally shift
criteria to lesser extents in response to a base rate versus payoff
manipulation for reasons that are unrelated to motivating factors.

Experiments 1 and 2 revealed that strategic criterion shifting
tendencies during recognition memory are stable across multi-
ple sessions regardless of the criterion manipulation (payoff or
base rates) or the strength of discriminability. Some participants
consistently shifted criteria to large extents, others regularly
shifted criteria to moderate degrees, while some individuals
hardly shifted criteria at all. The stability of criterion shifting
showed no relationship with neutral criterion placement tenden-
cies indicating that placing and shifting a criterion are indepen-
dent behaviors.

Experiment 3

Experiments 1 and 2 showed that criterion shifting is stable over
time, at least during recognition memory tests. To further these
findings, we tested whether the test—retest reliability of the extent
of criterion shifting is stable both within and across decision
domains. Frithsen and colleagues (2018) revealed that the extent of
criterion shifting is largely consistent when making recognition
memory judgments versus visual detection or visual discrimination
judgments, but the strength of these relationships can sometimes
vary. One possible explanation for this discrepancy is that differing
demand characteristics across tasks may sometimes affect the
stability of criterion shifting (Kantner et al., 2015). When two tasks
have different designs, it might differentially affect how individ-
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uals strategically adapt a decision criterion. If a weak relationship
exists between the extent of criterion shifting between two tasks
with differing designs and decision domains, then it is impossible
to know whether criterion shifting strategies are truly domain-
specific or are simply affected by the particular task designs. To
isolate the decision domain, we created recognition memory and
visual detection tests with scene stimuli that tightly controlled for
the design of the tasks. The setup remained exactly the same
between the two tests with the only difference being whether
participants reported if a scene appeared during an initial study
phase (recognition memory) or if an image contained a person or
not (visual detection). This allowed us to assess the test—retest
stability of criterion shifting tendencies across multiple decision
domains while controlling for potential demand characteristic ef-
fects.

In addition to performing recognition memory and visual detec-
tion tests, participants also performed a battery of cognitive tests to
assess whether consistencies in criterion shifting tendencies can be
explained by other cognitive abilities. Although no published
studies, to our knowledge, compare the extent of criterion shifting
with other task measures, we predicted criterion shifting tenden-
cies to be unrelated to performance on other cognitive tasks. We
believe that criterion shifting tendencies are a result of an individ-
ual’s willingness to shift criteria as opposed to an ability to do so
(Kantner et al., 2015; Miller & Kantner, 2020). With this assump-
tion, everyone should be capable of shifting criteria to great
extents without the need of any particular skill that may otherwise
be required for other cognitive tasks. However, one could argue
that strategically shifting criteria might be associated with other
cognitive abilities because there are many cognitive factors that go
into a criterion shift. For example, participants who are more risk
averse may shift to greater extents to simply avoid critical errors
detrimental to decisional outcomes. Individuals with exceptional
working memory might be more skilled at maintaining a consistent
criterion during the entire length of a test block. Response inhibi-
tion is likely necessary for inhibiting prepotent familiarity re-
sponses in favor of more optimal decision strategies based on the
criterion manipulation. Individuals may require more general task-
switching ability to adequately shift between conservative and
liberal decision criteria. To test whether these cognitive abilities
show a relationship with criterion shifting, participants performed
four additional standardized tasks that assessed risk aversion,
response inhibition, working memory, and task-switching ability
during each session. Although there are countless cognitive abil-
ities that could possibly be associated with individual criterion
shifting tendencies, we assessed four cognitive abilities that could
reasonably be related to criterion shift strategies given the com-
monalities between these abilities and aspects of the decision
processes that underly criterion shifting.

The extent to which an individual shifts a criterion might also be
related to how motivated a person is to perform well during the
tasks or may be associated with other personality characteristics.
Following the criterion shifting tasks, participants completed a
motivation questionnaire to assess whether a relationship exists
between self-reported motivation to perform well on the tasks and
the extent of criterion shifting. After completing all cognitive
tasks, participants conducted additional personality and cognitive
style questionnaires. Aminoff and colleagues (2012) previously
conducted a large-scale study to assess whether individual differ-
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ences in criterion shifting during recognition memory tests are
related to any personality or cognitive characteristics. Despite
collecting more than 25 different standardized questionnaire mea-
sures that assess personality and cognitive characteristics, Aminoff
and colleagues (2012) only found three questionnaire measures
that significantly correlated with the extent of criterion shifting:
positive relationships with a fun-seeking personality and verbal
cognitive style as well as a negative relationship with traits asso-
ciated with a negative affect. We therefore limited our question-
naire assessments to these three measures for replication purposes.
As stated in our preregistration (https://osf.io/jkfp6), we predicted
criterion shifting to be stable within and across decision domains
while being unrelated to performance on other tasks and question-
naire measures.

Method

Participants. One hundred seventy-two participants success-
fully completed both test-retest sessions (53 males; M = 19.9
years, range = 18-30 years, SD = 2.0). Exclusion of five addi-
tional participants occurred due to computer malfunctions (two) or
incomplete data sets (three) and are not included in any analyses.
Participant payment relied entirely on task performance (see the
Procedures section) unless participants earned less than $10 across
all tasks during a session. Total payment for each session ranged
from $10-$30 depending on performance.

Procedure. Participants completed two self-paced sessions on
different days within the same week. Each session lasted between
45 and 90 min and included five computer tasks and four ques-
tionnaires. The computer tasks included (a) recognition memory
and visual detection criterion shifting paradigms, (b) a Balloon
Analogue Risk Task (BART), (c) a Go/No-go response inhibition
task, (d) an N-Back working memory task, and (e) a Task-
Switching paradigm. The questionnaires consisted of (a) the Ef-
fort/Importance section of the Intrinsic Motivation Inventory (IMI;
Ryan, 1982), (b) the Behavioral Inhibition System and Behavioral
Activation System (BIS/BAS) scales (Carver & White, 1994), (c)
the Positive and Negative Affect Schedule—Expanded Form
(PANAS-X; Watson & Clark, 1994), and (d) a modified version of
the Verbalizer-Visualizer Questionnaire (VVQ; Richardson,
1977). Participants first conducted the recognition memory and
visual detection criterion shifting paradigms followed by the IMI
questionnaire. This allowed us to assess whether self-reports of
motivation to perform well on the criterion shifting paradigms
related to individual differences in criterion shifting tendencies.
Afterward, participants conducted the other four computer tasks in
a randomized order followed by the remaining three question-
naires. The questions within each questionnaire appeared in a
random order. Although randomized across participants, the order
of the additional tasks, questionnaires, and questions within each
questionnaire remained the same for each participant across both
sessions. At the end of each session, participants received payment
based entirely on the amount of money earned during the criterion
shifting paradigms and the BART.

Recognition memory and visual detection criterion shifting
paradigms. After conducting a short practice task, participants
completed two cycles of a study phase followed by two recogni-
tion memory and two visual detection test mini blocks (Figure 7).
During each study phase, participants viewed a randomized se-
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Figure 7. Recognition memory and visual detection (perception) tasks for Experiment 3. After each study
phase, participants conducted four mini blocks, one for each task and criterion condition combination. To control
for demand characteristics, the recognition memory and visual detection tests maintained the exact same
structure except participants either responded as to whether an image appeared during the study phase or if a
person appeared in the image, respectively. Participants received feedback on the amount of money earned after
each mini block. See the online article for the color version of this figure.

You earned $0.50 during that test block

Total earnings: $2.50

Press any key to continue

quence of 64 unique scene stimuli, half of which contained a single
person and half contained no people. Scenes appeared in the center
of a computer screen on a black background for 900 ms followed
by a 100-ms presentation of a white crosshair. During recognition
memory test mini blocks, participants decided whether or not test
images appeared during the study phase by responding “old” or
“new,” respectively. For visual detection blocks, participants de-
termined whether a person appeared in the image or not by
responding “present” or “absent,” respectively. A payoff manipu-
lation incentivized criterion shifting where participants earned five
cents for correct responses, lost 10 cents for critical errors, but
received no penalty for noncritical errors. In the conservative
criterion condition, critical errors consisted of incorrect “old”
responses during recognition memory tests and incorrect “present”
responses during visual detection tests (false alarms). Critical
errors in the liberal criterion condition included incorrect “new”
and “absent” responses (misses). This created four test mini block
conditions that each appeared once in a random order after every
study phase: (a) conservative recognition memory, (b) liberal
recognition memory, (c) conservative visual detection, and (d)
liberal visual detection. Prior to each test block participants re-
ceived explicit instructions detailing the task type (recognition
memory or visual detection) and criterion condition (conservative
or liberal). Each test mini block contained a randomized sequence
of 64 stimuli (32 targets and 32 nontargets) that appeared for 200
ms followed by a 200 ms noise mask to destroy the perceptual
afterimage. Afterward, participants made an old/new or present/
absent judgment by using the “f” and “j” keys on a keyboard, in
which pseudorandom assignment across participants mapped the

keys to each response type. On each trial, text appeared below each
response type to remind participants of the critical and noncritical
errors. Participants made responses with unlimited time and a
500-ms white crosshair presentation followed each response. After
each test mini block, participants received feedback detailing the
amount of money earned on that mini block as well as the running
total of money earned on the task. Across both sessions, a single
version of each stimulus (randomly assigned for each participant)
appeared once during the test blocks (512 with a person, 512
without).

BART. The BART is a standardized computer task that as-
sesses risk-taking behavior (Lejuez et al., 2002). Participants con-
ducted 20 trials of a version of the BART where simulated bal-
loons needed to be “pumped” to earn money. Participants earned
one cent per pump and could collect money at any time during a
trial unless the balloon popped. The balloon could pop anywhere
from the first to the 128th pump determined by a random number
generator with equal probability. Participants pressed the “f” or “j”
key to either pump the balloon or collect money on a trial,
depending on the pseudorandom assignment across subjects. Par-
ticipants always saw the running total of money collected during
the task as well as the amount of potential earnings that could be
collected on a given trial. Trials ended when the balloon popped or
the participant collected the money. Participants wore headphones
which made pumping noises on each pump, a cash register sound
when collecting money (with an accompanying green screen por-
traying the amount of money earned on that trial), and a popping
noise when the balloon popped (with an accompanying red screen
displaying the word “POP!”).
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Go/mo-go. The go/no-go task assessed inhibitory control and
consisted of five, 40-trial blocks where participants needed to press
the “j” key during common “go” trials while not responding to rare
“no-go” trials. Participants viewed random sequences of yellow
and cyan squares that either served as “go” or “no-go” trials based
on pseudorandom assignment across subjects. Stimuli appeared for
800 ms followed by a 500-ms white crosshair presentation where
each block contained 32 “go” trials and eight “no-go” trials. These
parameters are within the recommended ranges for truly evoking
response inhibition activity to a prepotent motor response on
“no-go” trials (Wessel, 2018). Prior to the main task, participants
conducted a 20-trial practice task.

N-back.

Paradigm. The n-back task assessed working memory perfor-
mance and consisted of five, 40-trial blocks and followed similar
procedures as the 2-back task described by Kane, Conway, Miura,
and Colflesh (2007). Participants viewed a sequence of letters and
needed to decide if each letter matched the case-insensitive letter
that appeared two trials early, known as a 2-back trial (e.g., the
third letter in the sequences “B-F-B” and “B-F-b” are 2-back
trials). Each trial lasted for 2,500 ms in which a white letter on a
black background appeared in the center of a computer screen for
500 ms followed by a 2,000-ms screen that displayed the response
types. Participants needed to respond “yes” on 2-back trials and
“no” on other trial types and could make a response at any point
during the 2,500 ms trial. Participants made responses with the “f”
and “j” keys, in which pseudorandom assignment across subjects
determined the mapping between keys and response types. After
each trial, a white crosshair appeared for 500 ms. Of the 40 trials
in each block, eight constituted 2-back trials. Prior to the 2-back
task, participants conducted a 20-trial practice block that provided
feedback on performance to ensure comprehension of the instruc-
tions.

Stimuli. Upper and lowercase versions of the following eight
letters made up the stimulus set: B, F, K, H, M, Q, R, and X. Each
block consisted of a randomly generated 40-trial sequence that met
the following five conditions: (a) 20% of trials are 1-back, (b) 20%
of trials are 2-back, (c) 20% of trials are 3-back, (d) stimuli could
not constitute both a 1-, 2-, and/or 3-back, and (e) each of the eight
stimuli appeared at least three times, but no more than seven times
in the sequence.

Task switching.

Paradigm. The task included five 40-trial blocks of a modified
task-switching paradigm described by Rogers and Monsell (1995).
On each trial, a randomly ordered number/letter pairing (e.g., “U2”
or “2U”) appeared within one square of a 2 X 2 grid. Participants
pressed the “f” and “j” keys to either respond “yes” or “no”
(depending on pseudorandom assignment across subjects) to one
of the two following questions: “Is the letter a vowel?”” or “Is the
number odd?” The stimulus remained on screen until the partici-
pant responded. Afterward a 300 ms presentation of a green
crosshair or red “x” appeared to indicate a correct or incorrect
response, respectively. The next trial appeared in a new square that
moved in either a clockwise or counterclockwise fashion depend-
ing on pseudorandom assignment across participants. The question
to be answered depended on whether the stimulus appeared in the
top row or bottom row of squares (also pseudorandomly assigned
across participants). Thus, the task switched every two trials.
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Stimuli. The stimulus set consisted of four odd numbers (3, 5,
7, 9), even numbers (2, 4, 6, 8), vowels (A, E, O, U), and
consonants (G, K, M, R). Letter/number pairings occurred ran-
domly on a trial-by-trial basis under the condition that odd num-
bers always paired with consonants and even numbers always
paired with vowels. This pattern ensured that the answer to one of
the two question types is always “yes” while the other is always
“no.”

Questionnaires.

Intrinsic Motivation Inventory. The IMI is a standardized
45-item post task questionnaire intended to assess the subjective
experiences that a participant felt during a recently completed task
(Ryan, 1982). To conduct the IMI, participants read a statement
(e.g., “I tried very hard on this activity.”) and rate how true they
believe the statement pertains to them on a scale from 1 (not at all
true) to 7 (very true). Although the IMI consists of seven sub-
scales, we specifically administered the five items from the Effort/
Importance subscale to assess perceived effort and motivation
during the recognition memory and visual detection criterion shift-
ing paradigms.

Behavioral Inhibition System and Behavioral Activation Sys-
tem scales. The BIS/BAS scales are a standardized 24-item
questionnaire that assesses an individual’s motivation to avoid
aversive outcomes and approach desired outcomes (Carver &
White, 1994). During the questionnaire participants rate how true
or false a statement (e.g., “I will often do things for no other reason
than that they might be fun.”) pertains to them on a scale from 1
(very true for me) to 4 (very false for me). The BIS/BAS scales
consist of four subscales, but we specifically analyzed the four
items from the BAS fun-seeking subscale in an attempt to replicate
the finding of Aminoff and colleagues (2012) that showed the BAS
fun-seeking score is positively associated with the extent of C,
during a recognition memory test.

Positive and Negative Affect Schedule—Expanded Form.
The PANAS-X is a standardized 60-item questionnaire that as-
sesses a person’s recent feelings and emotions (Watson & Clark,
1994). The questionnaire requires participants to read a word or
phrase (e.g., “afraid”) and rate the extent to which they felt that
way during the past few weeks on a scale from 1 (very slightly or
not at all) to 5 (extremely). The PANAS-X consists of 13 scales,
but we specifically analyzed the 10 items from the Negative Affect
scale in an attempt to replicate the finding of Aminoff and col-
leagues (2012) that the Negative Affect scale score is negatively
correlated with the extent of C,, during a recognition memory test.

Verbalizer-Visualizer Questionnaire (modified). The VVQ is
a standardized 15-item questionnaire that assesses an individual’s
preference to represent knowledge in a visual or verbal manner
(Richardson, 1977). We implemented a modified version of the
VVQ in which some of the 15-items derived from the Individual
Differences Questionnaire (IDQ; Paivio, 1971), which is an 86-
item questionnaire that formed the basis of the original VVQ
(Richardson, 1977). Although the original VVQ requires individ-
uals to respond “true” or “false” to whether a statement (e.g., “I
enjoy learning new words.”) applies to the participant, we required
a response as to how strongly an individual agreed or disagreed
with each statement on a scale from 1 (strongly disagree) to 7
(strongly agree). This modified version of the VVQ is the same
questionnaire that Aminoff and colleagues (2012) implemented
(though the authors simply refer to the modified version as the
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VVQ). We attempted to replicate the finding of Aminoff and
colleagues (2012) that the extent of C,, during a recognition mem-
ory test is positively associated with the verbalizer score (seven
items) on this modified version of the VVQ.

Statistical analyses. From the extraneous tasks and question-
naires, we obtained eight additional individual difference measures
to assess whether various cognitive and personality factors could
explain variance in criterion shifting tendencies. For the BART,
we assessed risk-taking behavior by computing mean adjusted
pumps: the average number of balloon pumps on trials where the
participant chose to collect money (see Lejuez et al., 2002). We
computed d' for the go/no-go and n-back tasks as performance
indices of response inhibition and working memory, respectively.
We assessed task-switching ability from the time cost measure,
which is computed from the difference in reaction time (RT) when
responding to switch trials (where the task of the current trial
differs from the previous trial) versus same trials (where the task
remained the same between the previous and current trial). To be
consistent with Rogers and Monsell (1995), we excluded trials
with RTs less than 100 ms and trials that immediately followed an
error. An assessment of motivation to perform well on the criterion
shifting tasks came from the IMI questionnaire Effort/Importance
subscale (IMI: effort/importance). Although participants com-
pleted the entire BIS/BAS scales, PANAS-X, and modified VVQ
surveys we specifically analyzed the three measures that Aminoff
and colleagues (2012) found to be significantly related to C,
during a recognition memory test. We computed the fun-seeking
score of the BIS/BAS scales (BAS: fun-seeking), the PANAS-X
negative affect score (PANAS: negative), and the verbalizer score
on the modified VVQ (VVQ: verbal; see the Appendix for ques-
tionnaire items and scoring details).

For each of the eight additional measures we report mean values
for each session, Cohen’s d effect sizes for mean differences
between the two sessions, and Pearson correlation coefficients to
assess the test-retest reliability of each measure. To assess whether
any of the eight measures relate to individual differences in crite-
rion shifting tendencies, we conducted Pearson r correlations be-
tween each of the eight additional individual difference measures
against both recognition memory C, and visual detection C,, dur-
ing the two sessions. We assessed the strength of evidence for the
null versus alternative hypotheses using Bayes factors with unin-
formed uniform priors. In the online supplemental materials we
report a linear mixed model that tests whether the extent of C, is
affected by session number, task type, and the eight additional
measures within a single model as specified in our preregistration
of Experiment 3 (https://osf.io/jkfp6).

Results and Discussion

Because the extent of criterion shifting can be affected by
changes in d’ (Macmillan & Creelman, 2005), we attempted to
make mean discriminability in the recognition memory and visual
detection paradigms approximately equal across both tasks and
sessions. In the recognition memory task, mean d' did not signif-
icantly differ between Session 1 (M = 0.95, SD = 0.53) and
Session 2 (M = 1.02, SD = 0.57), d = 0.14, 95% CI [—0.01,
0.29]. In the visual detection task, mean d’ slightly increased from
Session 1 (M = 1.12, SD = 0.63) to Session 2 (M = 1.34, SD =
0.61), d = 0.32,95% CI [0.17, 0.47]. Mean d' remained higher on
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average during the visual detection task relative to recognition
memory for both Session 1 (d = 0.27, CI = 0.12, 0.42) and
Session 2 (d = 0.51, CI = 0.36, 0.67), despite our efforts to make
mean discriminability equivalent across decision domains. On the
recognition memory tests participants on average shifted between
¢, in the conservative (M = 0.72, SD = 0.57) and liberal criterion
conditions (M = —0.76, SD = 0.59), d = 2.69, 95% CI [2.48,
2.89], as well as across visual detection tasks between the conser-
vative (M = 0.84, SD = 0.52) and liberal criterion conditions
(M = —0.43, SD = 0.58), d = 2.41, 95% CI [2.22, 2.61].

Average C, during recognition memory did not significantly
differ between Session 1 (M = 1.40, SD = 0.45) and Session 2
(M = 1.56, SD = 0.50), d = 0.18, 95% CI [—0.03, 0.39], as well
as during visual detection between Session 1 (M = 1.22, SD =
0.55) and Session 2 (M = 1.31, SD = 0.43), d = 0.11, 95% CI
[—0.10, 0.32]. Mean C, remained marginally higher during rec-
ognition memory compared with visual detection in Session 1 (d =
0.21, 95% CI[0.00, 0.42]) and Session 2 (d = 0.29, 95% CI [0.08,
0.507).

The extent of C, from Session 1 to Session 2 remained very
consistent for both the recognition memory, r(170) = .75, 95% CI
[.67, .80], and visual detection, r(170) = .65, 95% CI [.55, .73]
tests. Strong relationships in C,, also persisted across the two tasks
during Session 1, #(170) = .68, 95% CI [.59, .75] and Session 2,
r(170) = .78, 95% CI [.72, .83], despite small differences in mean
d' and C, across decision domains. Correlations even remained
strong when comparing C,, in Session 1 of the recognition memory
test to Session 2 of the visual detection test, 7(170) = .65, 95% CI
[.55, .73] and vice versa, r(170) = .57, 95% CI [.46, .67]. Al-
though C, remained strongly consistent across tasks, d' only
showed weak correlations between the two tasks during Session 1,
r(170) = .14, 95% CI [—.01, .29]; BF,, = 1.03 and Session 2,
r(170) = .17, 95% CI [.02, .31]; BF,, = 0.57. This provides
evidence that the cross-task stability of criterion shifting cannot
simply be attributed to discriminability performance alone. Over-
all, the strong correlations in C,, across sessions and tasks suggest
that criterion shifting is a stable, domain-general process. Figure 8
displays conservative and liberal ¢, values for each participant
across both sessions and tasks, ordered from left to right based on
who shifted criteria the most during Session 2 of the recognition
memory task.

For the eight additional task and questionnaire measures, we
report mean performance during both sessions, a Cohen’s d effect
size measure for mean differences across sessions, and test—retest
Pearson r correlation coefficients in Table 3. It is possible that
previously reported weak correlations between the extent of crite-
rion shifting and other task measures could be a result of low
test—retest reliability of the other measures. In our study the test—
retest reliability remained moderately strong for most of the addi-
tional measures, r(170) range: .47—.83, but we caution that imper-
fect reliability could still attribute to attenuation in the
relationships between these measures and the extent of C,,.

To test whether criterion shifting is related to the eight additional
task and questionnaire measures, we conducted Pearson correlations
between each measure and C,, in both the recognition memory and
visual detection tasks across both sessions (Table 4). No statistically
significant relationships existed after FDR correction. We furthered
these null findings by computing Bayes factors to assess the amount
of support for the null versus alternative hypotheses (BF,),) for each
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Memory (1) ® Memory (2) * Visual detection (1) ® Visual detection (2)

Figure 8. Experiment 3 normalized criterion placement (c,) values for each participant and the mean (M) in
the conservative and liberal criterion conditions for the recognition memory and visual detection tests across both
sessions. The extent of criterion shifting is depicted by the distance between the triangles representing the
conservative and liberal ¢, values. Participants are ordered from left to right based on who shifted criteria the
most during Session 2 of the recognition memory test. The dotted lines emphasize this criterion shifting trend
by connecting the Session 2 recognition memory conservative and liberal ¢, values of the leftmost and rightmost
subjects. The range and median Pearson correlation for normalized criterion shifting (C,) across sessions and
tasks (six measures total) is shown below the graph title. See the online article for the color version of this figure.

comparison. Of the 32 comparisons, 28 showed greater than three
times support for the null versus alternative hypothesis (BF,, > 3),
which is considered strong evidence for the null hypothesis (Jeffreys,
1961). Two of the other four comparisons include negative relation-
ships during Session 2 between recognition memory C,, and the BAS
fun-seeking score, r(170) = —.16, 95% CI [—.30, —.01]; BE,, =
1.10 and modified VVQ verbalizer score, r(170) = —.14, 95% CI
[—.28, .01]; BF,,, = 1.94. Both of these findings are in opposition to
the positive relationships observed by Aminoff and colleagues (2012),
suggesting that a fun-seeking personality and verbal cognitive style
are not actually predictive of criterion shifting tendencies. The only
comparison to show support for the alternative hypothesis is a nega-
tive relationship between recognition memory C,, and the IMI Effort/
Importance subscale score during Session 2, 1(170) = —.18, 95% CI
[—.33, —.04]; BF,, = 0.57. Interestingly, a negative relationship
between the IMI Effort/Importance subscale score and visual detec-

Table 3

tion C,, during Session 2 only slightly supported the null hypothesis,
r(170) = —.16, 95% CI [—.30, —.01]; BF,, = 1.24. However,
relationships between the IMI Effort/Importance subscale score
and C,, during Session 1 strongly supported the null hypothesis
for both the recognition memory, #(170) = —.06, 95% CI
[—.20, .09]; BF,, = 7.39 and visual detection, r(170) = —.06,
95% CI [—.21, .09]; BF,, = 10.40 tests, suggesting that there
is not a consistent relationship between motivation to perform
well during the criterion shifting tasks and the extent of crite-
rion shifting itself. Taken together, these standardized measures
of risk aversion, response inhibition, working memory, task-
switching, motivational effort, and personality attributes cannot
explain the vast individual differences in the extent of criterion
shifting.

Results from Experiment 3 revealed that strategic criterion
shifting tendencies over time are a stable, domain general process.

Experiment 3 Session 1 and 2 Means With Standard Deviation Values (in Parentheses), Cohen’s
d Effect Sizes of Mean Differences Between Sessions 1 and 2 With 95% Cls (in Brackets), and
Test—Retest Pearson Correlation Coefficients With 95% Cls (in Brackets)

Measure Session 1 Session 2 Cohen’s d Pearson r
Recognition memory C,, 1.40 (0.45) 1.56 (0.50) 0.18 [—0.03, 0.39] 75 1.67, .81]
Visual detection C,, 1.22 (0.55) 1.31(0.43) 0.11 [—0.10, 0.32] .65 [.55,.73]
BART: adjusted pumps 34.72 (8.31) 40.83 (8.31) 0.42[0.20, 0.63] .68 [.59, .75]
Go/no-go: d' 3.48 (0.51) 3.25(0.51) 0.32[0.10, 0.53] A7 .34, .58]
N-back: d' 1.66 (0.54) 2.03 (0.54) 0.35[0.13, 0.56] .76 [.69, .82]
Task switching: time cost 377 ms (121) 260 ms (121) 0.60 [0.39, 0.82] .61 [.51,.70]
IMI: effort/importance 29.59 (3.12) 28.83 (3.12) 0.15 [—0.06, 0.37] .63 [.53,.71]
BAS: fun-seeking 12.60 (1.40) 12.14 (1.40) 0.20 [—0.01, 0.41] .63 [.54, .72]
PANAS: negative 21.18 (3.84) 20.99 (3.84) 0.03 [—0.19, 0.24] 74 1.67, .80]
VVQ: verbal 30.40 (2.54) 30.85 (2.54) 0.07 [—0.14, 0.29] .83 [.78, .87]

Note. C, = normalized criterion shifting; d’ = discriminability; BART = Balloon Analogue Risk Task; IMI =
Intrinsic Motivation Inventory; BAS = Behavioral Activation System; PANAS = Positive and Negative Affect

Schedule; VVQ = Verbalizer-Visualizer Questionnaire.
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Table 4
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Experiment 3 Pearson Correlation Coefficients and 95% Cls (in Brackets) Between C,, in Both Sessions and Tasks Against the Eight

Additional Task and Questionnaire Measures

Recognition memory

Visual detection

Measure vs. C, Session 1

Session 2

Session 1 Session 2

BART: adjusted pumps
Go/no-go: d’

N-back: d’

Task switching: time cost
IMI: effort/importance
BAS: fun-seeking
PANAS: negative

VVQ: verbal

—.08 [—.22,.07] (6.32)
—.07[—.22, .08] (6.83)
—.01[—.16, .14] (10.44)
.09 [—.06, .23] (5.52)
—.06 [—.21, .09] (7.39)
—.06 [—.20, .09] (8.06)
.03 [—.12,.18] (9.47)
—.05[—.20, .10] (8.22)

.00 [—.15, .15] (10.47)
—.03[—.18,.12] (9.51)
.01 [—.13,.16] (10.28)
.02 [—.13,.17] (9.98)
—.18[—.33, —.04] (0.57)
—.16 [-.30, —.01] (1.10)
.01 [—.14, .15] (10.45)
—.14[-.28,.01] (1.94)

03 [—.12,.18] (9.78)
—.11[~.26, .04] (3.77)
— .01 [—.16, .14] (10.40)
03[—.12,.18] (9.61)
— .01 [—.16, .14] (10.40)
— .06 [—.21, .09] (7.93)
08 [—.07, 23] (5.84)
01 [—.14, .16] (10.43)

— .05 [—.20, .10] (8.23)
— .08 [—.22, .08] (6.50)
01 [—.14, .16] (10.40)
—.02[—.16, .13] (10.28)
—.16 [—.30, —.01] (1.24)
—.06 [—.21, .09] (7.68)
—04[—.19, .11] (9.21)
—.05 [—.20, .10] (8.30)

Note.

C,, = normalized criterion shifting; d" = discriminability; BART = Balloon Analogue Risk Task; IMI = Intrinsic Motivation Inventory; BAS =

Behavioral Activation System; PANAS = Positive and Negative Affect Schedule; VVQ = Verbalizer-Visualizer Questionnaire. Bayes factors supporting
the null versus alternative hypotheses (BF,,) are presented in parentheses next to each correlation coefficient. BF; scores greater than 3 are considered
strongly supportive of the null hypothesis (Jeffreys, 1961). Values that include BF,;; values below 3 are in bold, although no significant relationships existed

after FDR correction.

Individuals who consistently shift criteria to large extents during
recognition memory tests also regularly shift criteria to large
degrees during visual detection tests. Relationships in discrim-
inability across the two decision domains remained weak indicat-
ing that the cross-task stability in performance is specific to
criterion shifting and not simply a function of overall discrim-
inability performance. Measures from other tasks and question-
naires could not explain individual differences in criterion shifting
tendencies. It is possible that other personality or cognitive char-
acteristics not tested in Experiment 3 or by Aminoff and col-
leagues (2012) are associated with the extent of criterion shifting,
but currently no obvious relationships are known. These findings
indicate that strategic criterion shifting tendencies are a uniquely
individualistic cognitive trait.

Experiment 4

Findings from Experiment 3 revealed that criterion shifting
tendencies are stable within and across decision domains without
any obvious relationship to certain cognitive abilities or a motiva-
tion to perform well on the criterion shifting tasks. In Experiment
4, we further these findings by assessing whether strategic criterion
shifting strategies during recognition memory tests are related to
an individual’s meta awareness of the memory strength elicited by
test items as measured by metacognitive bias and metacognitive
sensitivity via confidence ratings (Fleming & Lau, 2014). Confi-
dence ratings are typically implemented in recognition memory
studies to assess criterion shifts (Macmillan & Creelman, 2005;
Yonelinas & Parks, 2007), making it reasonable to predict that
strategic criterion shifting and decision strategies for reporting
confidence are strongly related. In the first three experiments, we
created paradigms that required extreme criterion shifts to maxi-
mize payoffs (Experiments 1 and 3) or accuracy (Experiment 2). In
these extreme situations, people should only choose the riskier
option (i.e., respond “old” when a conservative criterion is advan-
tageous or “new” when a liberal criterion is propitious) when they
have high confidence that it is the correct choice. If people use
meta awareness of the familiarity strength elicited by test items to
strategically shift criteria, then criterion shifting tendencies should

be strongly related to how often people report high confidence in
“old” and “new” responses (i.e., metacognitive bias). However,
some people may be more adept than others at discerning between
different levels of familiarity strength (i.e., have higher metacog-
nitive sensitivity), which may allow them to shift criteria to greater
extents because they can better differentiate between stronger and
weaker memory evidence. We therefore assessed whether meta-
cognitive bias or metacognitive sensitivity could explain individ-
ual differences in criterion shifting tendencies by comparing per-
formance on recognition memory tests that either required
strategic criterion shifting or confidence ratings.

Participants on average tend to have high metacognitive sensi-
tivity, demonstrating that confidence ratings scale well with the
accuracy of old/new judgments (Mickes et al., 2007, 2011). How-
ever, Mickes and colleagues (2011) showed that there are individ-
ual differences in metacognitive bias, particularly when scaling
strong memories. Some people use extreme criteria for making
old/new judgments with the highest level of confidence, whereas
others are less judicious. Metacognitive bias may be related to
individual criterion shifting tendencies if people shift criteria based
on the level of confidence in a recognition judgment. However,
people may implement completely different decision strategies
when rating confidence versus strategically shifting a criterion. For
instance, a criterion shift may reflect an individual’s willingness to
make a strategic old/new response before making a recognition
judgment whereas a confidence rating could represent an assess-
ment of an old/new response after the judgment is made. Mickes
and colleagues (2017) provide some evidence that people employ
different decision strategies for rating confidence versus shifting
criteria, because individuals tended to establish more conservative
criteria when making high confident “old” judgments on a multi-
point scale compared with binary decisions for responding “old”
when specifically instructed to only do so when there is 100%
confidence. Miller and Kantner (2020) failed to find any signifi-
cant relationships between metacognitive bias and the extent of
criterion shifting during recognition memory tests when conduct-
ing post hoc analyses on previously reported data. This alludes to
the possibility that metacognitive bias might be a poor indicator of



WHO GIVES A CRITERION SHIFT?

strategic criterion shifting tendencies, but no studies have system-
atically compared this relationship during recognition memory
tests a priori.

In Experiment 4, participants conducted two different recogni-
tion memory tests on separate days that required either a confi-
dence judgment on a 6-point scale (confidence ratings session) or
a binary old/new response (binary response session). During the
confidence ratings session, participants responded to each test
image on a 6-point scale ranging from high confidence “new” to
high confidence “old.” In the binary response session, participants
conducted the exact same task except instead of responding on a
six-point scale, participants received instructions to only respond
“old” with “high confidence” (otherwise respond “new”) in the
conservative criterion condition or only respond “new”” with “high
confidence” (otherwise respond “old”) in the liberal criterion con-
dition. This made the instructions as similar as possible across the
two tasks and gave participants the best opportunity for establish-
ing the same criteria for high confident responses, regardless of
whether participants responded on a six-point scale or made binary
old/new judgments.

Given the results of Mickes and colleagues (2017) and Miller
and Kantner (2020), we predicted no relationship between meta-
cognitive bias and strategic criterion shifting. We also predicted
that individuals would establish more extreme criteria when rating
high confidence on a multipoint scale relative to the extent of
criterion shifting to explicit instructions. Such a finding would
indicate that individuals who do not adequately shift criteria are at
least capable of shifting criteria to greater extents, but might
simply be unwilling to do so. We additionally predicted no rela-
tionship between metacognitive sensitivity and the extent of cri-
terion shifting because we do not believe meta awareness of
memory strength affects an individual’s willingness to shift a
criterion.

Test image presentation

Study Phase: 4 blocks (50 images per mini block)

300 ms 700 ms

Experiment 4

Respond old or new

Only respond “old” if you have
high confidence an image is old
otherwise respond new

Conservative Neutral

Only respond “new” if you have
high confidence an image is new
otherwise respond old

Liberal

75 images shown once per block
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Method

Participants. One hundred seventy participants (45 males; M =
19.4 years, range = 18-34, years, SD = 1.8) completed both sessions
on separate days within the same week. Three additional participants
only completed one of the two sessions and are excluded from all
analyses. Participants earned $10 for completing each session.

Although we predicted no relationship between the extent of cri-
terion shifting and metacognitive bias or metacognitive sensitivity, we
wanted to ensure that we could identify a modest effect as statistically
significant if a relationship did exist. An a priori power analysis
revealed that data collection on 123 participants provides 80% power
for detecting a Pearson correlation of » = .25, which we felt would be
a non-negligible relationship that could help explain individual crite-
rion shifting tendencies. Initially, all participants conducted the con-
fidence ratings session first because we felt that presenting the tasks in
this order gave participants the best opportunity to implement similar
decision strategies for rating confidence and strategically shifting
criteria. However, an unexpected relationship did exist which
prompted us to collect additional participants who conducted the two
tasks in the reverse order, to rule out potential order effects. A second
a priori power analysis revealed that 46 participants provides 95%
power to find an effect of r = .50, a value we derived from the initial
sample (see Results and Discussion).

Procedure. The two self-paced sessions lasted for 20—45 min
where participants conducted four cycles of studying 75 unique
face stimuli followed by three, 50-image test mini blocks (Figure
9). In one of the two test sessions, participants made recognition
judgments on a six-point confidence scale (high confidence new,
medium confidence new, low confidence new, low confidence old,
medium confidence old, or high confidence old) for all test blocks
(the confidence ratings session). The other session required a
binary old/new judgment (the binary response session), but under

Test Phase: 4 blocks (3 mini blocks per block)

Session with 6-point confidence scale

new old
1 2 3 8 9 (0] I

Unlimited response time

high med low Ilow med high

€ Session with binary judgments >  Experiment 5

old new
1 0]
50% 50%

50% of the images are old
50% of the image are new

old new
il 0
24% 76%

24% of the images are old
76% of the image are new

old new
il 0
76%  24%

76% of the images are old
24% of the image are new

High only

Figure 9. Recognition memory task for Experiments 4 and 5. Participants conducted two task sessions on
separate days. In one session participants made confidence judgments on a 6-point scale. The other session
required making binary old/new judgments with a conservative, liberal, or neutral criterion manipulation. In
Experiment 4, participants received instructions to only respond old or new with “high confidence” in the
conservative and liberal criterion conditions, respectively, whereas a base rate manipulation induced criterion
shifts in Experiment 5. See the online article for the color version of this figure.
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three different conditions. Participants received instructions to
either (a) simply respond “old” or “new” (neutral condition), (b)
only respond “old” when there is high confidence an image is old
(conservative condition), or (c) only respond “new” when there is
high confidence an image is new (liberal condition).

In the study phase, participants passively viewed a sequence of
images in the center of a computer screen on a black background
for 700 ms followed by a 100-ms presentation of a white crosshair.
After viewing a test image for 700 ms, participants made a re-
sponse with unlimited time, followed by a 300-ms crosshair pre-
sentation. During confidence ratings sessions, participants made
high confidence responses using the “1” and “9” keys, medium
confidence responses with “2” and “8” keys, and low confidence
responses with the “3” and “7” keys. The familiarity strength
corresponding to the response types either increased or decreased
from left-to-right depending on the pseudorandom assignment
(i.e., high confidence “new” to high confidence “old,” or vice
versa). The response screen displayed all six keys with the corre-
sponding response values. For binary response sessions, partici-
pants made old/new judgments via the “1” or “0” keys where a
response screen reminded participants of the mapping between
keys and response types. The conservative and liberal criterion
conditions included the phrase “high confidence only” below the
old or new response text, respectively. The stimuli included 1,200
unique face images (600 per session) and each participant received
a completely randomized assignment and presentation order for
the target and lure images.

Statistical analysis. Although traditional measures of meta-
cognitive bias do not account for accuracy (e.g., the percentage of
“high confidence” responses made throughout an entire recogni-
tion test regardless if responses are correct or not; see Fleming &
Lau, 2014), we wanted to make direct comparisons between stra-
tegic criterion shifts and metacognitive bias. We therefore classi-
fied different confidence levels as decision criteria and computed
conservative, liberal, and neutral c, by treating different confi-
dence ratings as binary old/new responses. Computations of a
“conservative” ¢, occurred by only treating high confident old
responses as “old” and all other response types as “new” (i.e., the
criterion for “high confidence old” responses). Calculations for a
“liberal” ¢, occurred by only treating high confident new re-
sponses as “new” and all other response types as “old” (i.e., the
criterion for all responses except “high confidence new”). This
allowed us to compute a measure of “metacognitive C,” (i.e.,
“conservative” ¢,, minus “liberal” c,,, which is the measure used by
Miller & Kantner, 2020) for the confidence ratings session that is
computed the same way as C,, in the binary response session. For
measures of “neutral” c,, we considered all old responses as “old”
and all new responses as “new,” regardless of the confidence level
assigned to each response.

To measure metacognitive sensitivity, we computed the area
under the type-2 receiver operator characteristic (AUROC2) curve,
which is more robust to influences of decision bias compared with
other common measures, such as type-2 d’ (an analogous measure
to d'; see Fleming & Lau, 2014).

Results and Discussion

As specified in our preregistration (https://osf.io/4wnjm), we
initially collected a dataset of 122 subjects where all participants

LAYHER, DIXIT, AND MILLER

first conducted the confidence ratings session. Because we did not
predict a relationship in C, between the two tasks, we wanted
participants to familiarize themselves with the confidence ratings
structure so that decision strategies for identifying old and new
items with “high confidence only” could easily be transferred to
the binary response session. However, an unexpected relationship
existed in C,, across the two tasks, 7(120) = .60, 95% CI [.47, .70].
To test for potential order effects, we collected data from an
additional 48 participants who conducted the two sessions in the
reverse order (as specified in a subsequent preregistration: https://
osf.io/ae2rp), but a modest relationship in C,, persisted, r(46) =
.39, 95% CI [.12, .61]. Because the relationship in C,, across the
two tasks could not be completely attributed to an order effect, we
combined data from all 170 participants for subsequent analyses
(see the online supplemental materials for separate analyses of the
two groups).

Mean d' did not significantly differ between the confidence
ratings session (M = 0.56, SD = 0.26) and the neutral criterion
condition of the binary response session (M = 0.56, SD = 0.22),
d =0.00,95% CI [—0.21, 0.22]. However, a strong relationship in
d’ existed between the two sessions, #(168) = .49, 95% CI [.37,
.60]. Similarly, ¢, did not significantly differ between the confi-
dence ratings session (M = 0.21, SD = 0.24) and the neutral
criterion condition of the binary response session (M = 0.27, SD =
0.19), d = 0.15, 95% CI [—0.06, 0.37], and a strong relationship
in ¢, existed between the two sessions, r(168) = .62, 95% CI [.52,
.71]. This confirms that the different test instructions across the
two tasks did not substantially affect performance in regards to
discriminability and neutral criterion placement. As in Experi-
ments 1 and 2, no significant relationship existed in the binary
response session between C,, and neutral c,,, r(168) = .08, 95% CI
[—.08, .22]; BF,, = 3.52 or between C,, and the absolute value of
neutral c,, r(168) = .11, 95% CI [—.05, .25]; BF,, = 2.24,
providing more evidence that placing and shifting a criterion are
independent decision processes.

Unexpectedly, a strong relationship existed in C,,, r(168) = .53,
95% CI [.41, .63] between the two tasks, suggesting that metacog-
nitive bias is predictive of the extent of criterion shifting in this
paradigm. In the confidence ratings session, participants on aver-
age drastically shifted between the “conservative” ¢, (M = 1.28,
SD = 0.54) and “liberal” ¢, values (M = —1.21, SD = 0.69), d =
3.97, 95% CI [3.60, 4.34]. Participants shifted criteria to a large
extent in the binary response session between c,, in the conserva-
tive (M = 0.72, SD = 0.40) and liberal criterion conditions
M = —027, SD = 047), d = 2.00, 95% CI [1.73, 2.26].
However, metacognitive C,, (M = 2.49, SD = 0.65) proved to be
much greater than C, when making binary old/new judgments
(M = 0.99, SD = 0.65), d = 1.64, 95% CI [1.40, 1.89]. Even
though the instructions for reporting high confidence remained
similar across the two tasks, virtually all participants established
much more extreme criteria for high confident responses when
asked to report on a 6-point scale. Figure 10 illustrates individual
differences in conservative and liberal c¢,, values across the two
sessions in order from left to right based on the largest to smallest
metacognitive C, value. Finally, we assessed whether differences
in metacognitive sensitivity in the confidence ratings session could
predict the extent of C,, during the binary response session. How-
ever, no relationship existed between AUROC2 (M = .57, SD =
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Figure 10. Experiment 4 normalized criterion placement (c,,) values for each participant and the mean (M) in
the conservative and liberal criterion conditions of the binary response session (orange (light grey)) and
“conservative” and “liberal” ¢, values computed from the confidence ratings session (blue (dark grey)). The
extent of criterion shifting is depicted by the distance between the triangles representing the conservative and
liberal ¢, values. Participants are ordered from left to right based on the largest to smallest metacognitive
normalized criterion shifting (C,) value. The dotted lines emphasize individual differences in metacognitive C,
by connecting the “conservative” and “liberal” ¢, values from the confidence rating sessions of the leftmost and
rightmost subjects. See the online article for the color version of this figure.
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.04) in the confidence ratings session and C,, in the binary response
session, r(168) = .07, 95% CI [—.08, .22]; BF,, = 7.17.

Experiment 4 revealed that participants generally establish
much more extreme criteria for high confident “old” and “new”
responses when reporting on a six-point scale versus making
binary old/new judgments. However, a strong relationship existed
between C,, in the binary response session and metacognitive C,, in
the confidence ratings session. Individuals who maintain extreme
criteria for the highest levels of confidence on a six-point scale
also shifted criteria to a large extent (though to a much lesser
degree), while those who established less extreme criteria for high
confident responses also shifted criteria to a smaller extent. This
indicates that individuals may implement similar decision strate-
gies for making confidence judgments and strategically shifting a
criterion, which is contradictory to the findings of Miller and
Kantner (2020). However, Miller and Kantner (2020) examined
data that included either a base rate or payoff manipulation, which
does not cue participants to respond based on a level of confidence.
Because the criterion manipulation in Experiment 4 involved in-
structions to respond based on confidence levels, participants may
have treated the criterion manipulation as a type of confidence
judgment (i.e., a response on a 2-point confidence scale). It is
possible that individuals only use similar decision processes for
strategic criterion shifting and metacognitive bias when the crite-
rion manipulation explicitly instructs participants to respond based
on confidence levels.

Experiment 5

Experiment 4 showed a strong relationship between the degree
to which individuals use “high confidence” judgments on a six-
point scale versus shifting criteria to instructions that require
responding “old” or “new” with “high confidence only.” Because
this result contradicts the findings of Miller and Kantner (2020),
we wanted to test whether the extent of criterion shifting in

response to a criterion manipulation without reference to confi-
dence levels would also be related to metacognitive bias. We
therefore changed the instruction manipulation in Experiment 4 to
a base rate manipulation in Experiment 5. Again, we predicted no
relationship between the extent of criterion shifting and metacog-
nitive bias (see our preregistration: https://osf.io/tqc42).

Method

Procedure. The procedures of Experiment 5 matched those of
Experiment 4 except the binary response session induced criterion
shifts with a base rate manipulation instead of instructions. Par-
ticipants received information prior to each test block about the
likelihood of encountering old and new items. An old item ap-
peared either 24% (conservative criterion condition), 50% (neutral
criterion condition), or 76% (liberal criterion condition) of the time
during a test block (Figure 9). Text appeared below each response
type to indicate the likelihood of encountering an old or new image
during a test block. We counterbalanced the session order across
participants, and the stimuli included 1,200 unique face images
(600 per session) which differed from the stimulus set of Experi-
ment 4.

Participants. One hundred twenty-nine participants (37
males; M = 22.0 years, range = 18-48, years, SD = 4.5) suc-
cessfully completed both sessions within a week. Four additional
participants failed to complete both sessions and are excluded from
all analyses. Participants received $10 for completing each session.

Results and Discussion

Similar to Experiment 4, no significant differences existed in
mean d’ between the confidence ratings session (M = 0.58, SD =
0.17) and the neutral criterion condition in the binary response
session (M = 0.56, SD = 0.18), d = 0.08, 95% CI [—0.16, 0.33],
and a strong relationship in d’ existed between the two tasks,
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r(127) = .61, 95% CI [.48, .70]. The c,, values on the recognition
tests also showed no significant differences between the confi-
dence ratings session (M = 0.18, SD = 0.18) and the neutral
criterion condition in the binary response session (M = 0.15, SD =
0.11), d = 0.10, 95% CI [—0.15, 0.34], while showing a strong
relationship between sessions, r(127) = .64, 95% CI [.52, .73]. As
in Experiments 1, 2, and 4, no significant relationship existed in
the binary response session between C, and neutral c,,
r(127) = —.14, 95% CI [—.31, .03]; BF,, = 1.44. We unexpect-
edly found a significant negative relationship between C,, and the
absolute value of neutral ¢, r(127) = —.24, 95% CI
[—.40, —0.17]; BF,, = 0.14. However, we believe this is a
spurious finding given the relatively small effect size and the fact
that this is the only significant relationship observed between the
two measures across Experiments 1, 2, 4, and 5.

In the confidence ratings session, participants on average dra-
matically shifted between ‘“conservative” ¢, (M = 1.26, SD =
0.53) and “liberal” c,, values (M = —1.24, SD = 0.74), d = 3.92,
95% CI [3.50, 4.34]. Participants also shifted criteria in the binary
response session on average between c,, in the conservative (M =
0.42, SD = 0.21) and liberal criterion conditions (M = —0.06,
SD = 0.24), d = 1.68, 95% CI [1.39, 1.96]. Unlike Experiment 4,
no relationship existed between metacognitive C, (M = 2.50,
SD = 0.82) and C,, in the binary response session (M = 0.48,
SD = 0.82), r(127) = —.06, 95% CI [-.23, .11]; BF,,, = 3.87. This
suggests that strategic criterion shifting tendencies are unrelated to
metacognitive bias in this paradigm. Similar to Experiment 4, a
large mean difference in C, existed between the two tasks, d =
2.51, 95% CI [2.18, 2.84]. Metacognitive sensitivity as measured
by AUROC2 (M = .57, SD = .04) in the confidence ratings
session showed no relationship with C, in the binary response
session, 7(127) = .03, 95% CI [—.14, .21]; BF,, = 8.44. Figure 11
displays individual differences in conservative and liberal c,, val-
ues across the two sessions in order from left to right based on the
largest to smallest metacognitive C,,.

LAYHER, DIXIT, AND MILLER

Experiment 5 revealed that individual criterion shifting tenden-
cies in response to a base rate manipulation are unrelated to
individual differences in metacognitive bias during recognition
memory tests. This finding is in line with those of Miller and
Kantner (2020), who also found no relationship between criterion
shifting and metacognitive bias from post hoc data analyses. The
extent of strategic criterion shifting only appears to relate to
metacognitive bias when the criterion manipulation specifically
requires a response based on a level of confidence. When a
criterion manipulation does not include instructions to respond
based on confidence, individuals seem to implement different
decision strategies for rating judgments with high confidence and
strategically shifting a criterion.

General Discussion

The tendency to strategically shift criteria should be considered
a stable cognitive trait if it (a) shows strong test-retest reliability,
(b) generalizes across tasks, and (c) cannot be explained by other
cognitive factors. We demonstrated that criterion shifting during
recognition memory is quite stable across many testing sessions
and is as strong as the stability of criterion placement—a stable
cognitive trait (Kantner & Lindsay, 2012, 2014). The test-retest
reliability of criterion shifting in our studies is even comparable to
measures believed to reflect stable traits in other cognitive do-
mains. For example, Xu and colleagues (2018) administered test—
retest working memory tasks across 30 days and determined that
the strong consistency in performance indicates that visual work-
ing memory capacity is a stable trait. The high session-to-session
correlation coefficients observed by Xu and colleagues (2018),
r(77) range: .64—.86, Mdn = .77, are as strong as the session-to-
session correlations we obtained for C, during recognition mem-
ory tests in Experiment 1, r(37) range: .58-.85, Mdn = .75,
Experiment 2, #(37) range: .71-.89, Mdn = .83, and Experiment 3,
r(170) = .75. It should be noted, however, that we purposely

Experiment 5: conservative and liberal ¢,

r(127) = -.06

Cn
o
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. .S P
Vg PPV 7 3
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Figure 11. Experiment 5 normalized criterion placement (c,,) values for each participant and the mean (M) in
the conservative and liberal criterion conditions of the binary response tests (orange [light grey]) and “conser-
vative” and “liberal” ¢, values computed from the confidence ratings session (blue [dark grey]). The extent of
criterion shifting is depicted by the distance between the triangles representing the conservative and liberal c,,
values. Participants are ordered from left to right based on the largest to smallest metacognitive normalized
criterion shifting (C,) value. The dotted lines emphasize individual differences in metacognitive C, by
connecting the “conservative” and “liberal” ¢, values from the confidence rating sessions of the leftmost and
rightmost subjects. See the online article for the color version of this figure.
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WHO GIVES A CRITERION SHIFT?

implemented tests with low discriminability and fairly extreme
criterion manipulations. These situations require some of the larg-
est criterion shifts to maximize payoffs (Experiments 1 and 3) or
accuracy (Experiment 2), and it is possible that the stability of
criterion shifting is weaker when discriminability is much higher
and/or the criterion manipulations are less extreme (e.g., when
targets or nontargets appear 55% as opposed to 75% of the time).
Nevertheless, we believe the strong test—retest stability of criterion
shifting during recognition memory tests that encourage large
criterion shifts, qualifies as a trait-like feature.

The stability of individual tendencies to strategically criterion
shift is not limited to a single task, but generalizes across stimuli
sets (Aminoff et al., 2012), bias manipulations (Frithsen et al.,
2018; Kantner et al., 2015), and decision domains (Frithsen et al.,
2018). In Experiment 3, we furthered these findings by illustrating
that the test-retest reliability of C, extends across decision do-
mains during recognition memory and visual detection tests,
r(170) range: .57-.78, Mdn = .67. Importantly, the relationship in
d' between the two decision domains remained weak, r(170)
range: .14—.17, Mdn = .16, showing that the cross-task stability in
performance is specific to criterion shifting and not discriminabil-
ity. Although there are occasional inconsistencies in the cross-task
stability of criterion shifting (Franks & Hicks, 2016; Frithsen et al.,
2018), it appears that weak relationships occur when there are
large disparities in demand characteristics (e.g., when there are
differences in the experimental designs that may affect an individ-
ual’s decision strategy). However, when demand characteristics
are carefully controlled for, the stability of criterion shifting across
tasks and decision domains is generally quite strong, suggesting
that differing task designs may lead to occasional inconsistencies
in criterion shifting stability and not simply the decision domains
themselves (as suggested by Franks & Hicks, 2016). Future re-
search needs to investigate the underlying factors that can lead to
differing demand characteristics and why such differences may
sometimes affect the stability of criterion shifting, but strategic
criterion shifting tendencies appear to be a domain general process.

Although the extent to which individuals strategically shift
criteria proved stable over time and decision domains, we tested
whether these stable individual differences reflect an epiphenom-
enon of other cognitive or personality traits. Aminoff and col-
leagues (2012) first attempted to identify traits associated with
individual criterion shifting tendencies during recognition memory
tests by correlating the extent of C, with many standardized
measures of cognitive and personality characteristics. Despite col-
lecting over 25 cognitive and personality measures, Aminoff and
colleagues (2012) found that the extent of C, only significantly
related to one cognitive measure (a positive relationship with the
modified VVQ verbal score) and two personality measures (a
positive relationship with the BAS fun-seeking score and a nega-
tive relationship with the PANAS-X negative affect score). How-
ever, in Experiment 3 we failed to replicate these findings as we
found no relationship between the extent of C, on recognition
memory and visual detection tests with the modified VVQ verbal
score, BAS fun-seeking score, or PANAS-X negative affect score.
We expanded on Aminoff and colleagues (2012) efforts to identify
characteristics associated with individual criterion shifting tenden-
cies by assessing relationships between the extent of C, and
performance on other cognitive tasks. For example, people who
perform worse on working memory tests might be less able to
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maintain the strategy goals necessary to strategically shift criteria,
resulting in little to no shifting. However, we found no significant
relationship between the extent of C,, on recognition memory and
visual detection tests with standardized test measures that assess
risk aversion, response inhibition, working memory, and task-
switching ability. Self-reports of motivation to perform well on the
tasks also showed no relationship with the extent of C,, nor did
measures of metacognitive sensitivity. Interestingly, in Experiment
4 we found a strong relationship between the extent of C,, when
making binary responses versus metacognitive C, during recogni-
tion memory tests, r(168) = .53, but this only occurred when the
criterion manipulation included instructions to respond based on
levels of confidence. When the criterion manipulation did not cue
participants into responding with confidence in Experiment 5, we
found no significant relationship between the extent of C,, during
recognition memory tests with a base rate manipulation and meta-
cognitive C,,. This suggests that people implement different deci-
sion strategies for conveying meta awareness of the uncertainty in
familiarity strength via high confident responses versus strategi-
cally shifting criteria. However, it is possible that we did not make
the criterion manipulation extreme enough to appropriately align
with people’s criteria for responding with high confidence. For
instance, if we made the base rate manipulation more extreme
(e.g., 95% of test items are targets or nontargets), then people may
have shifted criteria to greater extents and we might have observed
a significant relationship between the extent of C, and metacog-
nitive C,,. Still, our findings in Experiment 5 match those of Miller
and Kantner (2020) suggesting that people use different strategies
when establishing decision criteria for rating recognition memory
judgments with “high confidence” versus making decisions in
situations where extreme criterion shifts promote better decisional
outcomes. Although we and Aminoff and colleagues (2012) tested
many factors that could potentially relate to criterion shifting
tendencies, there still are countless numbers of other measures that
may explain individual differences in criterion shifting tendencies.
As of right now, there currently are no known measures that can
reliably predict the extent to which an individual will strategically
shift criteria except for criterion shifting performance itself on
another task. However, it is possible that other characteristics are
associated with criterion shifting tendencies that have yet to be
tested. Despite this, we believe the strong stability of criterion
shifting across time, tasks, and decision domains, coupled with the
fact that individual differences cannot be easily attributed to a
number of other factors, demonstrates that the tendency to strate-
gically criterion shift appears to be a uniquely individualistic
cognitive trait.

Although criterion shifting tendencies are quite stable within
people, there are vast individual differences across people (Ami-
noff et al., 2012, 2015; Frithsen et al., 2018; Kantner et al., 2015;
Layher et al., 2018; Miller & Kantner, 2020). Individual differ-
ences in strategic criterion shifting do not appear to be a result of
an inability for certain people to shift criteria. In Experiments 4
and 5, almost all individuals used much more extreme criteria for
responding “old” and “new” with high confidence on a six-point
scale compared with the extent of criterion shifting even when the
criterion manipulation specifically instructed participants to re-
spond with “high confidence only.” Mickes and colleagues (2017)
made a similar finding by showing that participants establish a
much more conservative criterion when responding with the high-
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est level of confidence on a multipoint scale compared with when
instructions state to only respond “old” when there is 100% con-
fidence. This shows that individuals are indeed capable of shifting
criteria to more extreme extents if they simply adopt the same
extreme criteria for responding with high confidence as they do for
strategic criterion shifting. However, it appears that extreme dif-
ferences in strategic criterion shifting are a result of individual
differences in a willingness to disregard uncertain evidence in
favor of a decision strategy that maximizes accuracy or payoffs*
(Aminoff et al., 2012; Green & Swets, 1966; Kantner et al., 2015;
Miller & Kantner, 2020). We believe that considering strategic
criterion shifting tendencies as a stable cognitive trait attributable
to individual differences in a willingness to shift a criterion will
better inform theories of criterion placement and shifting. We
encourage future studies to examine the nuances of these individ-
ual difference to gain a full understanding of how people adapt
decision criteria to particular situations and outline specific con-
siderations when investigating these decision strategies at an indi-
vidual level.

An Individual Differences Approach can Elucidate the
Nature of a Phenomenon

Suboptimality. The fact that criterion shifting tendencies are
stable within participants, yet variable across people, emphasizes
the importance of understanding criterion shifting tendencies at an
individual level. For several decades, most studies of criterion
shifting drew conclusions from group-averaged data, neglecting
the vast individual differences in shifting behavior. One general-
ized conclusion drawn from group averages is that people are quite
suboptimal at appropriately adapting a decision criterion to a
particular situation (Benjamin et al., 2009; Hirshman, 1995;
Kubovy, 1977; Lynn & Barrett, 2014; Maddox & Bohil, 2005;
Parks, 1966; Thomas & Legge, 1970; Ulehla, 1966). Although the
classification of an “optimal” criterion is strongly debated (Lynn &
Barrett, 2014), we want to convey that decisional outcomes can
dramatically vary depending on how well individuals adapt deci-
sion criteria to a particular situation. For example, if only 25% of
items on a recognition test contain previously studied images
(targets), then the optimal criterion is conservative, but the mag-
nitude of the optimal placement will depend on how well a person
can discriminate between old and new images. If a person is
completely unable to distinguish between old and new images, a
maximally conservative criterion is optimal because responding
“new” every time will result in a correct response rate of 75% (no
false alarms, but no hits either). However, if items are highly
familiar, then the optimal conservative criterion is much less
extreme because an individual can be correct more than 75% of the
time by responding “old” to very familiar items even if it results in
an occasional false alarm.

Many theories of suboptimal criterion shifting posit that people
fail to shift criteria extreme enough because individuals probability
match (Parks, 1966; Thomas & Legge, 1970), erroneously estimate
signal and noise distributions (Kubovy, 1977; Ulehla, 1966),
poorly integrate decisional evidence with decisional outcomes
(Lynn & Barrett, 2014), or are unable to maintain a stable criterion
during a test block (Benjamin et al., 2009). These are reasonable
explanations based on group averages, but many of these theories
inadequately describe performance at an individual level because

LAYHER, DIXIT, AND MILLER

some people actually do consistently shift criteria quite well, some
shift to modest degrees, while others hardly shift at all. Even when
individuals inadequately shift criteria across situations, there are
instances where people will consistently establish an appropriately
conservative (or liberal) criterion in one situation, but fail to shift
when a liberal (or conservative) criterion is advantageous in an-
other situation. For example, subject 2 in Experiment 2 deploys
such conservative criteria in the conservative conditions (when
25% of test image are old) and subsequently makes a correct
response 73% of the time on average. Yet, this subject fails to shift
criteria in the liberal conditions (when 75% of test images are old)
resulting in being correct only 44% of the time on average (see
Figure 6). These instances are at odds with theories that suggest
people poorly estimate signal and noise distributions (Kubovy,
1977; Ulehla, 1966) or misestimate decisional parameters given
the strength of discriminability (Lynn & Barrett, 2014) because it
is unreasonable to believe these individuals are quite skilled at
such estimations in some situations (e.g., when a conservative
criterion is advantageous), but are grossly inept in others (e.g.,
when a liberal criterion is optimal). A theory of suboptimal crite-
rion shifting must account for these individuals who strategically
adapt a conservative criterion, but fail to shift to a liberal criterion
(and vice versa). That is, the degree to which people are subopti-
mal at adapting a decision criterion depends on the individual and
the situation.

Assessments of individual differences may not necessarily fal-
sify previous hypotheses of suboptimal criterion shifting based on
group averages, but these assessments certainly better inform
them. For instance, Benjamin and colleagues (2009) suggest that a
participant’s criterion will fluctuate throughout a test block creat-
ing “criterial noise” that results in measurements of criterion
placement that are suboptimal. Criterial noise is a plausible phe-
nomenon that might be occurring at an individual level. However,
this hypothesis needs refinement to include the possibility that the
amount of criterial noise may vary considerably across people.
That is, some individuals may have a lot of criterial noise which
may lead to relatively small criterion shifts, while others who shift
to large extents may do so with little to no criterial noise. Any
account of suboptimal criterion strategies must consider these
consistent individual differences to fully understand the nature of
strategic criterion shifting.

Improving criterion shifting through awareness, feedback,
and motivation. Findings from group averages reveal that cri-
terion shifting is improved when people are made aware of the

* Green and Swets (1966, p. 91) nicely describe the potential thought
process of an individual who is unwilling to shift criteria to extreme
extents: “The observer tends to avoid extreme criteria: when the optimal 3
is relatively large, his actual criterion is not so high as the optimal criterion,
and when the optimal (3 is relatively small, his criterion is not so low as the
optimal criterion. Although this pattern is consistent with studies of deci-
sion making under uncertainty which do not involve ambiguous sensory
information, the significance of its appearance here is not totally clear. It
may be suspected that the subject’s natural disinclination to make the same
response on all trials is strengthened by his awareness that the experiment-
er’s principle interest is in a sensory process. He probably finds it difficult
to believe that he would be performing responsibly if the sensory distinc-
tions he makes are exactly those that he could make by removing the
earphones in an auditory experiment or by turning his back on a visual
signal.”
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advantages for shifting, provided with feedback on criterion shift-
ing performance, and presented with motivating factors to shift
(Rhodes & Jacoby, 2007). If people are unaware of the advantages
for shifting criteria, criterion shifts are generally not observed
(Rhodes & Jacoby, 2007; Verde & Rotello, 2007). When people
are made aware of the advantages for shifting, the extent of
criterion shifting increases on average, but analyses of individual
differences reveal that this is not true for everyone (Aminoff et al.,
2012, 2015; Frithsen et al., 2018; Kantner et al., 2015; Layher et
al., 2018; Miller & Kantner, 2020). Our studies revealed that these
individual differences in criterion shifting behavior are remarkably
consistent across multiple testing sessions. People who shift to
large extents during one testing session do not simply regress back
to the mean on subsequent sessions. Rather, awareness of the
advantages for criterion shifting impacts the extent of shifting
differently for each person.

To increase awareness of the advantages for shifting criteria,
some studies provide corrective feedback, which improves crite-
rion shifting performance at a group level (Kantner et al., 2015;
Rhodes & Jacoby, 2007). However, the extent to which this is true
may vary considerably across individuals. For instance, partici-
pants in our studies received performance feedback at the end of
each test block (Experiment 3) or testing session (Experiments 1
and 2), which may have cued some participants to shift to greater
extents on subsequent sessions to increase total payout (Experi-
ments 1 and 3) or accuracy (Experiment 2). Although some people
shifted to greater extents after the first session, several others
shifted to similar or lesser degrees during successive sessions (e.g.,
subjects 19 and 37 in Experiment 1; see Figure 4). It seems that
criterion shifting tendencies are unaffected by feedback for some
individuals. However, feedback may more effectively alter indi-
vidual criterion shifting tendencies if participants directly benefit
from shifting to greater extents. Kantner and colleagues (2015)
found that corrective feedback made individuals shift criteria more
extremely when a payoff manipulation induced criterion shifting
versus a paradigm where participants simply received instructions
to shift. Because a criterion manipulation with instructions does
not affect a participant’s total payment, some individuals may be
unwilling to shift criteria more extremely in response to feedback.
However, when shifting to greater extents leads to a greater pay-
out, feedback seems to be more effective at altering criterion
shifting tendencies for some individuals. Future studies must as-
sess how feedback under different circumstances affects individual
criterion shifting tendencies as feedback will likely make some
individuals consistently shift to greater extents, others will likely
be completely unaffected by feedback, and some may only be
affected by feedback under certain conditions (e.g., when there is
a direct benefit for shifting criteria).

Another factor that may affect the extent of criterion shifting is
an individual’s motivation to shift criteria, which we found to be
unrelated to a person’s self-reported motivation to perform well
during recognition memory and visual detection tests that incen-
tivized criterion shifting. On average, participants shifted criteria
to a greater extent in response to the payoff manipulation in
Experiment 1 (M,,; = 2.00) compared with the base rate manip-
ulation in Experiment 2 (M|, = 1.27), even though both manip-
ulations required the same degree of criterion shifting for optimal
performance in an SDT framework. The payoff manipulation in
Experiment 1 may have motivated some individuals to shift to a
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greater extent compared with the base rate manipulation in Exper-
iment 2, because the extent of criterion shifting directly impacted
payment. However, some individuals in Experiment 1 continu-
ously shifted to a small degree across all 10 sessions despite
receiving relatively low payouts, while many individuals shifted to
a large extent during Experiment 2 even though doing so did not
affect total payment. This suggests that there might be individual
differences in the factors that motivate people to criterion shift to
greater extents, but within-subject paradigms are needed to ensure
that this finding is not due to other factors (e.g., individuals may
simply shift criteria to lesser extents in response to a base rate vs.
payoff manipulation regardless of motivating factors). Kantner and
colleagues (2015) observed individual differences in motivating
factors for shifting criteria during recognition memory tests in a
paradigm where a study phase preceded a test phase in one
condition, but “malfunctioned” and did not actually present any
images in another condition. In the latter case, participants should
be highly motivated to shift criteria because there is no reliable
memory evidence to guide the decision. Some individuals in the
test condition without a study phase appropriately maximized
responses by always responding “old” or “new” depending on the
criterion manipulation, but others failed to adequately shift criteria
despite never actually viewing any images before the test phase!
The extent of criterion shifting was completely unaffected by the
presence of a study phase or not for some individuals. Post study
debriefings suggest that these participants still attempted to use
perceptual features, such as skin tone, to guide decisions despite
being told that such features are not diagnostic of whether an
image is old or new. Some individuals seem more motivated to
attempt to provide correct responses instead of consistently choos-
ing the response that maximizes accuracy or payoffs, even under
conditions of complete uncertainty. Overall, there are individual
differences and several nuances in the degree that awareness,
feedback, and motivation affect the extent of criterion shifting.
Assessments of group averages are insufficient for identifying
ways to improve criterion shifting performance because the influ-
ence of these factors on the extent of criterion shifting seems
specific to the individual.

Consequences of Not Criterion Shifting

Failing to adequately shift decision criteria can be quite conse-
quential, particularly at the individual level. To illustrate this, we
present performance and payment outcomes from Experiment 3
where participants earned five cents for each correct response, lost
10 cents for critical errors, but received no penalty for noncritical
errors during two sessions of recognition memory and visual
detection tests. On average, participants earned a total bonus of
$26.32 across the four tests and attained a mean d' = 1.10. Given
our payout structure and SDT model, a person with a d'" = 1.10
who shifts criteria to an extent that maximizes total payment would
earn $29.30. The fact that participants on average only fall short of
the maximum payout (given the mean level of d") by 11% suggests
that the consequences of suboptimal criterion shifting are rela-
tively minor. However, when examining individual performance, it
becomes quite clear that not shifting criteria carries major conse-
quences. For instance, we compare Experiment 3 subject 4 (E3-4)
with E3-123 who both attained relatively low mean d’ scores
across both tasks and sessions (M, = 0.52 and M, = 0.36,
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respectively). E3-4 on average did not shift criteria across the four
tests (M;¢,; = —0.05), whereas E3-123 shifted criteria quite well
(M;¢,; = 3.38). Even though E3-4 garnered more correct re-
sponses than E3-123, this individual only earned a bonus of $9.75
while E3-123 earned $24.25. By simply shifting criteria, E3-123
earned 2.5 times more money than E3-4 despite worse discrim-
inability performance! However, classifying E3-4 as being gener-
ally suboptimal at placing a criterion is an inaccurate depiction of
this individual’s behavior. On average, E3-4 maintained a conser-
vative criterion (M., = 0.62) when false alarms resulted in a
10-cent loss, and earned $10.85 across all conservative conditions.
In the liberal conditions, E3-4 established extremely suboptimal
criteria (M, = 0.67) resulting in a loss of $1.10. This individual
can appropriately adopt a conservative criterion when the situation
calls for it, but maintains that same conservative criterion when a
liberal criterion is advantageous. Theories attempting to explain
suboptimal criterion shifting behavior must account for this phe-
nomenon. The relationship between the extent of criterion shifting
and total payment in Experiment 3 is not limited to these select
subjects but extends across all participants to a modest degree,
r(170) range: .37—.44, Mdn = .42. The relative consequences for
inadequate criterion shifting observed in our studies may general-
ize to real world scenarios.

There are many situations where extreme criterion shifts are
necessary for avoiding consequential errors. One real-world ex-
ample comes from radiologists who must assess whether a mam-
mogram shows signs of breast cancer. If a radiologist falsely
identifies an abnormal mammogram, then the patient must endure
unnecessary worry while undergoing additional costly examina-
tions. However, if a radiologist misses an abnormal growth, then a
breast cancer diagnosis and subsequent treatment will be delayed
increasing the likelihood of major surgery (e.g., a mastectomy) or
even death. Studies reveal vast individual differences in the rate
that radiologists recall patients for further testing and a more
conservative criterion is associated with an increased miss rate (as
expected; Gur et al., 2004; Yankaskas, Cleveland, Schell, & Ko-
zar, 2001). Yankaskas and colleagues (2001) examined patient
recall rates across 31 practices and found a large range from 1.9%
to 13.4%. This means that some radiologists establish very con-
servative criteria for identifying an abnormal mammogram while
others set much more liberal criteria. Although Yankaskas and
colleagues (2001) could not assess the extent of criterion shifting
because there is not a second criterion condition to compare
against, it is presumed that these radiologists needed to shift their
decision criteria when identifying an abnormal mammogram
where errors result in extreme consequences relative to everyday
decisions where the consequences of an error are negligible. The
fact that the patient recall rate is so variable suggests that at the
very least there are vast individual differences in the end result of
criterion shifts, even when examining a group of experts.

Examining individual criterion shifting tendencies can prove
challenging in situations where there are insufficient observations
from each individual. For instance, an eyewitness to a crime who
needs to select potential suspects from a lineup should consider the
potential costs of falsely identifying an innocent person versus
missing the perpetrator. If an identification will simply lead to
further questioning of the suspect, then the eyewitness should
establish a liberal criterion, because questioning an innocent per-
son is only a minor inconvenience. However, if an eyewitness’
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statement could substantially impact whether or not a suspect is
arrested, then a more conservative criterion should be maintained
to avoid incarcerating a potentially innocent person. Assessing
whether eyewitnesses establish appropriate decision criteria is
challenging because typically there is only one observation for
each person. This means that analyses of individual differences
cannot be conducted and conclusions are limited to group-
averaged results. For example, Mickes and colleagues (2017)
conducted photo lineup recognition tests and found that people on
average establish less extreme criteria when making a binary
response with a criterion manipulation versus the criterion set for
the highest level of confidence in judgments made on a multipoint
scale. However, it is likely that some people actually do appropri-
ately establish extreme criteria when instructed to do so, but
individual differences are impossible to evaluate in this paradigm
because each participant only contributes a single observation.

Strategic Criterion Shifting

Our studies specifically measured the stability of strategic cri-
terion shifting tendencies where individuals explicitly received
information indicating an advantage for shifting criteria. Informa-
tion about the testing conditions appeared on every trial and
participants could respond with unlimited time. Strategic criterion
shifting occurs when people proactively set a goal to either avoid
false alarms or misses depending on the situation. Criterion shift-
ing stability may differ in situations where participants are not
explicitly informed of the testing conditions (Verde & Rotello,
2007), are provided with false information (Selmeczy & Dobbins,
2013), are affected by sequential dependencies from prior re-
sponses (Malmberg & Annis, 2012), or are in situations where a
time pressure is imposed (Ratcliff, Smith, Brown, & McKoon,
2016). Future research needs to investigate the relationship, if any,
between individual differences in strategic criterion shifting and
criterion shifting tendencies in situations where participants are not
explicitly informed of the advantages for doing so or when
speeded responses are required. In the case of strategic criterion
shifting, many individuals consistently fail to adequately shift
criteria despite explicitly knowing the advantages for doing so.

Why Do Some People Give a Criterion Shift, but
Not Others?

There are many similarities between criterion shifts and confidence
ratings that inform our understanding of why there are vast individual
differences in strategic criterion shifting tendencies. Criterion manip-
ulations served as the original method for obtaining cumulative hit
and false alarm rates to create receiver operator characteristic (ROC)
plots (Swets, Tanner, & Birdsall, 1955; Tanner, Swets, & Green,
1956), which illustrate the hit and false alarm rate for all possible
decision criteria at a specific level of discriminability. Later, the
implementation of confidence judgments provided an analog to stra-
tegic criterion shifts for recognition memory tests (Egan, 1958).
Minimal instructions are required for people to accurately rate confi-
dence during memory tests suggesting that people regularly assess the
level of confidence associated with memories over the course of a
lifetime (Mickes et al., 2011). Although participants typically have
high metacognitive sensitivity when scaling the strength of memories
to varying levels of confidence, there are limits in the degree to which
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this is achieved, particularly as discriminability increases (Stretch &
Wixted, 1998a). The highest levels of confidence should be reserved
for the strongest and weakest memories, which should result in
virtually no false alarms or misses, respectively. However, when
participants report confidence ratings on a 20-point scale, many indi-
viduals will respond “old” with the highest confidence ratings more
often than any other confidence level (Criss, 2009; Mickes et al.,
2011). Mickes and colleagues (2011) believe this occurs because
people struggle to finely scale confidence with strong memories.
Thus, it appears that the criterion for “old” responses with the highest
confidence level is less extreme than it theoretically should be. Inter-
estingly, there are individual differences in the degree to which people
finely scale strong memories suggesting that some individuals are
more adept than others at establishing more extreme criteria for the
highest levels of confidence (i.e., individual differences in metacog-
nitive bias; see Figure 8 from Mickes & colleagues, 2011).

When examining group averages, ROC curves produce similar
curvilinear shapes regardless of whether confidence ratings are ac-
quired or a criterion manipulation is implemented (Dube & Rotello,
2012; Koen & Yonelinas, 2011; Macmillan & Creelman, 2005). This
suggests that individual tendencies to finely scale confidence might be
related to individual differences in the extent of criterion shifting.
After all, when extreme criteria are advantageous people should only
respond with the riskier option when there is high confidence in the
decisional evidence. In Experiment 4, we found a strong relationship
between the extent of criterion shifting and metacognitive bias when
the criterion manipulation included instructions to respond with high
confidence only. However, in Experiment 5 no such relationship
existed when the criterion manipulation did not make any reference to
confidence levels. When not explicitly cued to respond with confi-
dence, participants seem to adopt a decision strategy for shifting
criteria that is unrelated to decision processes for assessing high
confidence in a recognition judgment. Some individuals will have
very low metacognitive bias, but not shift criteria much while others
will have high metacognitive bias, yet shift criteria to large extents.
Assessing confidence in a response and adapting a decision criterion
to explicit instructions are two separate behaviors that appear largely
independent of each other. While confidence judgments may repre-
sent a meta assessment of the varying strength of memory evidence,
we believe criterion shifting represents a mode of response that can
strategically vary for any single strength of evidence. That is, each test
item will elicit a degree of memory strength that a participant can
convey through a confidence judgment, but the choice to identify an
item as “old” or “new” depends on the situation.

Another key finding from Experiments 4 and 5 is that almost all
participants adopted much more extreme criteria when responding
with the highest levels of confidence compared with strategic criterion
shifting. This suggests that these individuals are capable of shifting
criteria to greater extents if they simply implement the same stringent
criterion thresholds for rating recognition judgments with “high con-
fidence” as they do for strategically shifting criteria when making an
old/new judgment. Instead it appears that individuals are simply
unwilling to disregard uncertain evidence in favor of a decision
strategy based on known circumstances surrounding a decision (Ami-
noff et al., 2012; Kantner et al., 2015; Miller & Kantner, 2020). As
Kantner and colleagues (2015) state, “people would rather attempt to
be correct than be correctly biased.” When reporting on a six-point
confidence scale, participants can convey the level of uncertainty in
familiarity strength while still making old/new judgments as they
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typically would on a recognition test. However, when forced to only
respond “old” or “new” when there is high confidence, participants
must identify relatively familiar items as “new” and relatively unfa-
miliar items as “old” to maintain the stringent criteria established for
high confidence responses on a six-point scale. That is, memory
evidence that elicits “low” or “medium” confidence for either an
“old” or “new” judgment must be completely disregarded, which may
feel unnatural or seem incorrect for some individuals even when this
is the best decision strategy. We therefore believe individual differ-
ences in criterion shifting are a result of stable differences in peoples’
willingness to disregard uncertain evidence in favor of a decision
strategy based on knowledge of payoffs, probabilities, or instructions
(Aminoff et al., 2012; Kantner et al., 2015; Miller & Kantner, 2020).

Ultimately, we would like to understand why one individual is
willing to shift a criterion, but not another. It is possible that individual
criterion shifting tendencies are a response strategy learned across a
lifetime of experience, similar to how Mickes and colleagues (2011)
suggest that accurately scaling confidence judgments to recognition
responses are learned over the course of one’s life. One bit of data
from Aminoff and colleagues (2012) provides some intriguing insight
into this hypothesis, albeit inconclusive and speculative; in their study,
the subject pool consisted of 68 combat-experienced commissioned
and noncommissioned officers from the U.S. Army Fort Irwin Na-
tional Training Center along with 27 age-matched, nonmilitary par-
ticipants from the community. Participants were categorized into nine
different hierarchical levels of military rank, with nonmilitary partic-
ipants ranked at the bottom. Interestingly, military rank turned out to
be one of the few factors that significantly correlated with the extent
of criterion shifting across both recognition memory tasks. Higher
military rank associated with greater criterion shifts and this relation-
ship could not be explained by other factors such as age or education
level. It is possible that individuals who have learned to be more
adaptive with their response strategies are better suited for the
decision-making demands of high ranking military officials. Con-
versely, the experience of making decisions in those high ranking
positions may have led to more adaptive response strategies. This
single data point cannot provide definitive answers, but it should
encourage future studies to more systematically assess why some
individuals are more willing to shift criteria than others.

Conclusion

Individual tendencies in strategic criterion shifting appear to rep-
resent a stable cognitive trait. We believe these tendencies result from
individual differences in people’s willingness to disregard uncertain
evidence in favor of a response that avoids a critical error (Aminoff et
al., 2012; Kantner et al., 2015; Miller & Kantner, 2020). For example,
when conducting a difficult recognition memory test that requires
extreme criterion shifts, it is perfectly rational to simply look away
from the screen and just choose the response that promotes better
decisional outcomes. However, many people are reluctant to make
such extreme shifts and may feel compelled to make responses based
on memory, even a very poor one. We believe these demand char-
acteristics are not an artifact of laboratory studies, but occur in real life
situations where people may feel obliged to make decisions based on
uncertain memory evidence. Evidently some individuals are com-
pletely comfortable with disregarding weak evidence and will shift
criteria to extreme extents to optimize decisional outcomes. Other
individuals appear to have a standard criterion and would rather rely
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on memory evidence to make decisions while completely disregard-
ing other situational information. Most individuals fall somewhere in
between where individuals are both uncomfortable with completely
abandoning memory evidence and ignoring situational information
resulting in less extreme criterion shifts.
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Appendix

Experiment 3 Questionnaires

IMI: Effort/Importance Subscale (Ryan, 1982)

Please indicate how true this statement is for you:

1 2 3 4 5 6 7
not at all somewhat true very true
true
1. I put a lot of effort into this.
I did NOT try very hard to do well at this task.”
I tried very hard on this task.

2
3
4. It was important to me to do well at this task.
5

I did NOT put much energy into this.”

BIS/BAS: Fun-Seeking Subscale (Carver &
White, 1994)

How true or false is this statement for you?

1 2 3 4
very true somewhat somewhat very false
true false

1. I’m always willing to try something new if I think it will
be fun.

2. I will often do things for no other reason than that they
might be fun.

3. I often act on the spur of the moment.

4. 1 crave excitement and new sensations.

PANAS-X: Negative Affect (Watson & Clark, 1994)

Indicate to what extent you have felt this way during the past
few weeks:

1 2 3 4 5
slightly a little moderately quite a bit extremely
1. afraid
2. scared
3. jittery

4. nervous

5. irritable
6. hostile
7. guilty

8. ashamed
9. upset

10. distressed

(Appendix continues)
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WHO GIVES A CRITERION SHIFT?

VVQ (Modified): Verbalizer Score (Paivio, 1971;
Richardson, 1977)

Indicate how much you agree or disagree with this statement:

1 2 3 4 5 6 7
strongly neither agree or disagree strongly
disagree agree
1. I enjoy doing work that requires the use of words.

2. 1 enjoy learning new words.

3. I can easily think of synonyms for words.

4. T read rather slowly.”
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5. I prefer to read instructions about how to do something
rather than have someone show me.

6. I have better than average fluency in using words.

7. I spend very little time attempting to increase my
vocabulary.”

All questionnaires are scored by summing the numeric value (or
reversely coded value) assigned to each item.
“Reverse-coded items.
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