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Face matching is an important applied task that requires binary decisions to pairs of face images to determine
whether these depict the same person (an identity match) or different people (a mismatch). While these choices
are mutually exclusive, performance for match and mismatch trials appears to be dissociable, which poses a
problem for theory development. The current study demonstrates that this dissociation arises from systematic
response biases, which reflect individual differences in the placement of decision-making thresholds to distin-

guish matches from mismatches. When these biases are controlled or partialled out from classification accuracy,
reliable associations between match and mismatch identifications are found. This is demonstrated over two
experiments with a sample of over 500 participants, several face-matching tests, and a series of data simulations.
These findings support a cognitive theory in which individual differences in the placement of decision-making
thresholds provide the mechanism by which the identification of face matches and mismatches are linked.

1. Introduction

In our modern world, photographs of faces are ubiquitous. Often,
these facial images depict friends and family or famous people. How-
ever, through various means we are also exposed to a very large number
of images of unfamiliar people, who are unknown to an observer. In the
personal or social domains, such images can be used to determine
whether the same person is depicted in different instances. In security
and police settings, the comparison of facial images is used to establish
who someone is or to confirm that a person is who they say they are.
Because of this importance of facial comparisons in applied settings, face
matching has been studied extensively in Psychology (e.g., Bruce et al.,
2001; Burton et al., 2010; Fysh & Bindemann, 2018). A large body of
evidence now shows that this is a difficult and error-prone task not only
for laypeople but for professionals in the border control, security,
forensic and police sectors (e.g., White et al., 2014; White et al., 2015;
Wirth & Carbon, 2017; for a review, see White & Burton, 2022).

Unfamiliar face matching is a challenging task because a person’s
appearance can change substantially across images or encounters. This
within-person variation arises from the complex interplay of a range of
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factors, such as temporary changes in facial expression (Bruce et al.,
1999; Chen et al., 2011; Mileva et al., 2020), longer-term changes in
appearance (Bindemann & Sandford, 2011; Jenkins et al., 2011;
Megreya et al., 2013), and variation in viewpoint (Estudillo & Bind-
emann, 2014; Favelle et al., 2017; Hill & Bruce, 1996), lighting (Hill &
Bruce, 1996; Liu et al., 2013), or distortion by camera lens (Noyes &
Jenkins, 2017). As a consequence, the same person can sometimes look
deceptively different across images, while two different individuals can
also look very similar.

In face matching, observers must solve this interplay of within-
person variability and between-person similarity to determine whether
a pair of face images depicts the same person (i.e., an identity match) or
two different people (a non-match or mismatch). These two decisions
appear to be linked: If two faces do not depict the same person, then they
must depict different people. In turn, one might expect that observers
who are adept at identifying when two faces match, are also good at
determining when a face pair shows different people. Paradoxically,
however, some studies suggest that these task aspects might be unre-
lated and driven by dissociable cognitive processes. For example, one
might expect that face images that are easy to classify as an identity
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match are also distinguished more easily from other faces, but by-item
analyses of identification decisions reveal no association in accuracy
across both types of face pairings (e.g., Fysh & Bindemann, 2023;
Megreya & Burton, 2007; Sauerland et al., 2016).

This finding is remarkable considering strong by-item correlations
for matches and mismatches of familiar identities, whereby faces that are
easier to recognise as an identity match are also easier to reject when
they do not match another person (Megreya & Burton, 2007). However,
converging evidence for the match-mismatch dissociation in unfamiliar
face matching comes from a range of other sources. In factor analysis, for
example, individual differences in accuracy on match and mismatch
trials load onto separate factors (Bobak et al., 2023), and different
developmental trajectories are associated with improvements in per-
formance on match and mismatch trials (Megreya & Bindemann, 2015).
Moreover, manipulations that drive improvements in the learning of
unfamiliar face identities lead to separate increases in accuracy on
match or mismatch trials, but not both (Ritchie & Burton, 2017; for
examples see Matthews & Mondloch, 2018; Menon et al., 2015; for
converging old/new findings see Baker & Mondloch, 2019; Zhou et al.,
2018). Similar dissociations are seen in training effects for unfamiliar
face matching, where instructions to attend to some features (e.g., the
eyebrow regions) yields improved performance on match trials
(Megreya & Bindemann, 2018), while increased attention to other fea-
tures (e.g., facial marks such as moles and blemishes) improves perfor-
mance on mismatch trials (Towler et al., 2021).

These effects have been interpreted widely as evidence that face
matching is not a unitary process, but that there is more than one route
to identification, whereby match and mismatch decisions might reflect
separable processes (e.g., Baker & Mondloch, 2019; Bate et al., 2018;
Berger et al., 2022; Bindemann & Burton, 2021; Estudillo & Wong, 2022;
Fysh & Bindemann, 2023). However, this match-mismatch dissociation
is difficult to reconcile with a key observation—both types of decisions
rely on a visual comparison of the similarity of faces within the pair.
There is some evidence that similarity is used differently to arrive at
these decisions, whereby observers might accumulate convergent in-
formation from facial features to decide that a face pair is a match, but
evaluate a mixture of matching and non-matching information to
identify mismatches (Fysh & Bindemann, 2023; see also Bindemann &
Burton, 2021). Ultimately, however, accuracy for both matches and
mismatches correlates strongly with similarity ratings for face pairings
(Fitousi, 2023; Fysh & Bindemann, 2023; Papesh et al., 2018; Rice et al.,
2013; Robertson et al., 2017) and so the two tasks must be associated
somehow. Moreover, observers must approach the identification of both
stimulus types in the same manner initially, before an identification
decision is reached. The reason for the match-mismatch dissociation is
therefore not clear and this poses a great problem for developing a
unitary cognitive theory to explain this task. This issue is also important
practically as errors on match and mismatch trials are associated with
different risks in applied settings. For example, whereas the failure to
identify an identity match might prevent a person from legitimately
accessing areas or resources, the failure to distinguish non-matching
identities would allow for fraudulent access.

The current study sought to investigate the match-mismatch disso-
ciation to provide a theory of face matching that can explain how these
two task aspects are linked. One possible explanation comes from the
related phenomenon of the mirror effect in the recognition memory
literature, wherein differences in the accuracy with which individual
stimuli (e.g., words) are recognized as ‘old’ (i.e., present in a previous
study phase) is mirrored in the accuracy with which previously unseen
stimuli are recognized as ‘new’ (i.e., absent in a study phase; e.g.,
Dobbins & Kroll, 2005; Glanzer & Adams, 1990; Glanzer et al., 1993;
Hintzman et al., 1994; Stretch & Wixted, 1998; Wixted, 1992). Although
the mirror effect corresponds to individual items in memory and the
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match-mismatch dissociation applies to the perceptual matching of
faces, the two effects are conceptually related, such that the match-
mismatch dissociation is akin to the absence of a mirror effect.
Notably, the mirror effect is also attenuated by response biases, such as a
tendency to categorise items as ‘new’ under conditions of uncertainty.
For example, in a recognition memory test for names, a naturally
occurring bias to classify names as ‘unfamiliar’ reduces the mirror effect.
In turn, the mirror effect re-emerges when this bias is counteracted with
a payoff component that differentially rewards responses to familiar and
unfamiliar names (e.g., Hilford et al., 2015; see also Glanzer et al.,
2009).

There is tentative evidence that the match-mismatch dissociation in
face matching might be driven by similar biases to those that attenuate
the mirror effect. For example, whereas accuracy on match and
mismatch trials is not correlated on a by-item level, weak negative
correlations are often observed on a by-subject basis (e.g., Fysh &
Bindemann, 2023; Megreya & Burton, 2007). This indicates the presence
of response biases among individual observers, whereby some people
find the correct balance between match and mismatch decisions difficult
to determine and exhibit systematic response tendencies towards one of
these outcomes. These biases can be captured by recoding the accuracy
of face-matching tasks into hits (correct responses on match trials) and
false positives (incorrect responses on mismatch trials) and by con-
verting these variables into the signal detection measures of d’ (sensi-
tivity) and criterion (see Stanislaw & Todorov, 1999). Sensitivity can
then provide an unbiased measure of an observer’s accuracy across both
match and mismatch trials, while criterion reflects the placement of
their decision-making threshold to distinguish one type of face pairing
from the other (Stanislaw & Todorov, 1999; Summerfield & Egner,
2014).

Some recent approaches have combined such signal detection
frameworks with measures of face similarity and decision confidence to
explain the match-mismatch dissociation, but this work has focused on
item-level analyses that model stimulus characteristics (i.e., the unequal
variance signal detection model of face matching; Fitousi, 2023). This
work accounts for the match-mismatch dissociation by modelling the
classification of stimuli in these two categories as independent signal
distributions with their own variances. In turn, the observation that both
match and mismatch performance correlates with measures such as the
perceived similarity of the two faces in a stimulus pair is taken as evi-
dence that these decisions also have a shared basis, whereby discrete
match/mismatch decisions can be transformed onto a continuous simi-
larity signal.

Signal detection analysis can also provide insight into how observer
characteristics influence face matching, as individual differences between
people in criterion placement are linked to accuracy on this task in
important ways. For example, individual differences in criterion place-
ment are stable across time and tasks, which indicates that this is a
meaningful characteristic of behaviour (Baker et al., 2023). Differences
in the sensitivity of individual perceivers also predicts shifts in criterion
placement. Individuals with lower face-matching ability adopt more
extreme criteria when there are more match than mismatch trials, or the
cost of mismatch errors is high, and as such show higher levels of liberal
and conservative tendencies, respectively (Stabile et al., 2024).
Considering the moderating influence of response biases on the mirror
effect (e.g., Hilford et al., 2015), this raises the possibility that individual
differences in criterion placement might similarly mask a mirror effect in
unfamiliar face matching and therefore obscure how the identification
of matches and mismatches is linked.

In the current study, this was investigated by capitalizing on the
broad individual differences in performance that are observed routinely
in unfamiliar face matching (e.g., Baker & Mondloch, 2022, 2023; Baker
et al., 2023; Bobak et al., 2023; Fysh & Bindemann, 2018; McCaffery
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et al., 2018; Stacchi et al., 2020). First, we demonstrate the match-
mismatch dissociation that has been observed in previous studies by
showing an absence of a correlation or a negative relationship between
match and mismatch accuracy on a by-subject basis. We then examine
the extent to which performance on match and mismatch trials is asso-
ciated when individual differences in criterion placement on this task
are controlled or partialled out from match and mismatch accuracy. This
was examined first across two experiments with large sample sizes and
multiple face-matching tasks. The effect of criterion placement on the
relationship between match and mismatch accuracy was then explored
further with a series of data simulations.

2. Experiment 1

The purpose of this experiment was to examine whether the classi-
fication of identity matches and mismatches is linked when individual
differences in face-matching decision-making are taken into account.
We first analysed the relationship between accuracy on match and
mismatch trials to replicate previous studies that show a positive cor-
relation between these measures does not exist (e.g., Bobak et al., 2023;
Fysh & Bindemann, 2023; Kokje et al., 2018; Megreya & Burton, 2007;
Sauerland et al., 2016). Consistent with studies of the mirror effect in
which associations between measures emerge when response biases are
attenuated (Hilford et al., 2015), we then examined whether an asso-
ciation between match and mismatch performance emerges when in-
dividual differences in criterion placement for these decisions are
controlled for. For this purpose, observers’ response criterion was par-
tialled out from face-matching accuracy and performance on match and
mismatch trials was then correlated. To establish the generalizability of
our findings, this approach was applied to two tasks, comprising the
Glasgow Face Matching Test (GFMT; Burton et al., 2010) and the
Ambient Image Face Matching Test (AIFMT; Baker et al., 2023).

2.1. Method

2.1.1. Participants

This experiment used data collected by Baker et al. (2023), in which
participants completed an online battery of face identification tasks
twice, once in each of two testing sessions. The analyses reported here
focus on Session 1 data from two tasks in which participants made same/
different judgements for unfamiliar face pairs (see below), but Session 2
data was also utilised to provide a measure of test-retest reliability. The
analysed sample comprised 249 participants (female: N = 166; Age: M
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= 22.56, SD = 4.29). Participants were Brock University students, who
received one hour of research credit for their participation, and volun-
teers from Prolific (www.prolific.com), who were paid a small fee for
their participation. As reported in Baker et al. (2023), an additional four
participants were tested, but were excluded for failing attention checks.

2.1.2. Stimuli

This experiment employed a shortened version of the GFMT-short
originally used by Towler et al. (2019), which comprised 10 identity
matches and 10 mismatches (for an example of these trials, see Fig. 1).
Both images of a person on match pairings of the GFMT were taken on
the same day, with neutral expressions, but with different cameras. In
the case of identity matches, two images that were taken approximately
15 min apart with different cameras were combined. For mismatch
pairings, images of two different people were paired. These faces were
rendered in greyscale, cropped to show only the head, and sized to 350
pixels in width at a resolution of 72 ppi. Image height was adjusted
accordingly to preserve the faces’ height-to-width ratios.

The AIFMT consisted of 30 match and 30 mismatch trials. The faces
in these stimulus pairs were colour images sized to 275 x 295 pixels at a
resolution of 72 ppi, and showed people under ambient viewing con-
ditions (i.e., contained naturally occurring variability) on a grey back-
ground. These stimuli were obtained from Brock University’s ‘Let’s Face
it’ database, the Face and Ocular Challenge Series (Phillips et al., 2011;
Phillips & O’Toole, 2014), and using Google and social media (e.g.,
Instagram and Twitter) searches of identities from the following cate-
gories: Celebrities, chefs, or politicians from other countries (e.g., Thea
Sofie Loch Naess, Chef Richard McCormick), and minor league athletes.
Match trials were created using two images from different days of the
same identities. To meet this qualification for google searches, the im-
ages must have been from different locations (i.e., noticeably different
background) and with different appearance (e.g., hair, lighting,
make-up, facial hair, clothing). For social media searches, these differ-
ences were verified by upload time stamps. Mismatch trials were created
based on physical similarity. Five participants recognized one identity,
so these trials were removed from data analysis.

2.1.3. Procedure

Participants completed the experiment online via Testable (www.tes
table.org). Participants first applied Testable’s screen calibration tool to
ensure that stimulus size was held constant across the experiment. Next,
participants completed a battery of face identification tasks, two of
which required same/different responses. Following recommendations

Mismatch

GFMT

AIFMT

Fig. 1. Note. Fig. 1 provides examples of match and mismatch trials for the Glasgow Face Matching Test (GFMT; top row) and the Ambient Image Face Matching Test
(AIFMT; bottom row). For copyright reasons, the mismatch trial provided for the AIFMT is for illustrative purposes and was not used within the task. Models from the
images within the images here consented to having their images used within publications.


http://www.prolific.com
http://www.testable.org
http://www.testable.org

K.A. Baker et al.

for individual difference studies (Goodhew & Edwards, 2019), the task
order was fixed.! On each trial of the GFMT and AIFMT, each face pair
remained on screen until a response was registered. Participants were
asked to determine whether each face pair depicted the same person or
different people, and to indicate their responses by pressing the ‘F’ key
for same-identity pairs and ‘J’ for different identity pairs. Feedback for
responses was not provided.

2.2. Results

All data analyses were performed with SPSS and followed up with
Bayesian analyses using JASP 0.18. Observers’ face matching accuracy
(proportion correct) was first calculated for match and mismatch trials
for the GFMT (Match: M = 0.79, SD = 0.20; Mismatch: M = 0.77, SD =
0.23) and AIFMT (Match: M = 0.68, SD = 0.17; Mismatch: M = 0.66, SD
= 0.17). Data was also available from a second test session, at which the
GFMT and AIFMT were repeated one week later, and this was used to
calculate test-retest reliability using Pearsons r correlations. Accuracy on
match and on mismatch trials was reliable across the two sessions for the
GFMT (match: r(247) = 0.67, p < 0.001; mismatch (r(247) = 0.58, p <
0.001) and the AIFMT (match: r(247) = 0.69, p < 0.001; mismatch: r
(247) = 0.69, p < 0.001).

We then calculated the correlation between match and mismatch
accuracy from Session 1 for each test (see Fig. 2). Match and mismatch
accuracy were unrelated on the GFMT, r(247) = —0.05, p = 0.44, BF1o =

0.11, and correlated negatively on the AIFMT, r(247) = —0.29, p <
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0.001, BF1g > 100. Thus, observers who were good at making match
decisions on these two tests do not appear to be the same observers who
achieved high mismatch accuracy, consistent with an accuracy dissoci-
ation for these measures.

We then examined the relationship between performance on match
and mismatch trials when individual differences in decision-making
thresholds are partialled out. For this purpose, the accuracy data was
converted into signal detection measures of sensitivity, or d’, and cri-
terion, or ¢ (for the calculation of these measures see Stanislaw &
Todorov, 1999), using hits (correct responses on match trials) and false
positives (incorrect responses on mismatch trials). This revealed GFMT
d’ values of M = 1.73 (SD = 0.91) and criterion values of M = —0.04 (SD
= 0.48), and AIFMT d’ values of M = 0.97 (SD = 0.66) and criterion
values of M = —0.02 (SD = 0.45), respectively. These values were pre-
viously reported to have good test-retest reliability (i.e., criterion: both
rs > 0.52, ps < 0.001; d’: both rs > 0.53, ps < 0.001; Baker et al., 2023).

We calculated residual scores to examine the relationships between
match and mismatch accuracy after controlling for bias (criterion). To
do so, we created averages of each participant’s criterion score from the
GFMT and the AIFMT using equal weightings (i.e.,
GEMT criterion{ AIFMT criterion) - Thjs makes good sense as the relationship be-
tween criterion on the GFMT and AIFMT is robust, r = 0.59, p < 0.001
(Baker et al., 2023). Applying the average of these, rather than task-
specific scores, reduces the risk of controlling for additional variance
that is related to the task and not specifically to criterion. Separately for
each task, we then created a residual score for the match trials and
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Fig. 2. Note. Fig. 2 depicts the relationships between accuracy on match and mismatch trials for the GFMT (top row) and the AIFMT (bottom). The graphs on the left
depict the unadjusted percentage accuracy data. The graphs on the right show a positive association of match and mismatch performance after controlling

for criterion.

1 Task order is recommended to be fixed, not counter-balanced, in individual
difference studies. As task performance can differ because of task order,
counterbalanced scores would be confounded with this additional variability
(Dale & Arnell, 2015). This confound is easily removed by using a fixed task
order.



K.A. Baker et al.

mismatch trials, controlling for criterion which was averaged across
both tasks. This was completed by setting either the match or mismatch
trials as the outcome variable and average criterion as the predictor. The
standardized residual scores were then saved as a new variable. These
scores also exhibited good test-retest reliability for GFMT match trials, r
(247) = 0.43, p < 0.001, and mismatch trials, r(247) = 0.47, p < 0.001,
and for AIFMT match, r(247) = 0.59, p < 0.001, and mismatch trials, r
(247) = 0.41, p < 0.001.

The data of most interest were the match-mismatch correlations of
these residualised scores. As can be seen in Fig. 2, after controlling for
participant bias (criterion) in this way, positive correlations were
observed between match and mismatch accuracy on the GFMT, r(247)
=0.61,p < 0.001, BF1 > 100, and the AIFMT, r(247) = 0.42, p < 0.001,
BF10 > 100.” This data is available on OSF (https://osf.io/tnvhp).

2.3. Discussion

The match-mismatch dissociation in face matching poses a profound
conundrum for theory development, as it is unclear how performance
for identity matches and mismatches can be reconciled as observers
attempt to resolve both trial types within the same task. This experiment
replicates the dissociation in match-mismatch performance on the
GFMT. It also demonstrates a negative correlation between these trial
types on the AIFMT. Both findings are consistent with other studies in
this domain, which have either shown no or negative correlations be-
tween these measures (e.g., Bobak et al., 2023; Fysh & Bindemann,
2023; Kokje et al., 2018; Megreya & Burton, 2007; Sauerland et al.,
2016). One interpretation of these results is that distinct abilities are
required to solve identity match and mismatch face pairings, where
different individuals are good at resolving these seemingly separable
aspects of this task. However, the negative correlations that are often
observed between match and mismatch accuracy also hint at the pres-
ence of systematic response biases in this task. Experiment 1 shows that
when such biases are captured by converting performance into criterion,
these can be removed from the accuracy data. When individual differ-
ences in decision-making during face matching are controlled for in this
way, moderate to strong positive correlations emerge between match
and mismatch performance.

These findings are consistent with observations of the mirror effect in
recognition memory tasks, which also show associations between ‘old’
and ‘new’ responses to previously seen and unseen stimuli once partic-
ipants’ response biases are addressed (e.g., Hilford et al., 2015). In the
face-matching domain, this is an important finding as it indicates that
match and mismatch decisions are based on shared underlying pro-
cesses. This indicates that a single theory can explain face identification
on match and mismatch trials and highlights criterion placement as the
important moderating factor. It also provides parsimony between the
match-mismatch dissociation and the mirror effect in recognition
memory.

3. Experiment 2

Experiment 1 demonstrates that the match-mismatch dissociation
arises from individual differences in the placement of an observer’s
decision-making thresholds to distinguish one type of face pairing from
the other. When the decision-making biases that are introduced by this

2 If we use criteria from one test to compute residuals on another, the
resultant correlations are naturally reduced because of the additional mea-
surement noise. For example, when task-specific criterion scores from Session 2
are used for regression on Session 1 performance, the match /mismatch rela-
tionship is significant for the GFMT, rho (208) = 0.18, p = 0.008, and ap-
proaches significance for AIFMT, rho (208) = 0.12, p = 0.09. This is likely an
underestimate of the relationship as different trials were used in Session 1 and
Session 2 for each test (see Baker et al., 2023).
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variation are removed, accuracy for match and mismatch identification
correlates. In this experiment, we sought to replicate these effects with a
different data set, reflecting face matching performance on the GFMT
and the Kent Face Matching Test (KFMT; see Fysh & Bindemann, 2018).
Similar to the GFMT, the KFMT has been used extensively in this domain
and shows dissociable performance on match and mismatch trials on a
by-item basis, while small negative correlations are observed on a by-
subject basis (Fysh & Bindemann, 2023). The KFMT therefore pro-
vides a suitable test for further examining the theory that individual
differences in criterion placement cause the match-mismatch dissocia-
tion, while inclusion of the GFMT serves as a reference point for com-
parison with Experiment 1.

3.1. Method

3.1.1. Participants

The participants comprised 299 white undergraduate students (fe-
male: n = 245; Age: M = 20.25, SD = 4.98) from the University of Kent.
These participants took part in a larger study containing a battery of
tests, which included the GFMT and KFMT that are analysed here, and
were paid for their time. Four additional participants were excluded for
recognising identities used in one of the other tests (n = 1) and inat-
tention (i.e., repeatedly pressing the “S” key through an entire task: n =
2; extremely short RTs: n = 1).

3.1.2. Stimuli

The short version of the GFMT was employed for this experiment (see
Burton et al., 2010), which comprised 20 identity matches and 20
mismatches. As shown in Fig. 3, the size, colour and format of the im-
ages, as well as the way in which trials were created was consistent with
that reported in Experiment 1. The short version of the KFMT was also
used, consisting of 20 matches and mismatches (see Fysh & Bindemann,
2018). The KFMT face pairs consist of an image taken from student
identity cards and a passport-style face portrait. The student-ID photos
were taken at least three months prior to the face portraits and were not
constrained in pose, expression or camera device. The passport-style
face portraits were all taken with the same camera, in a frontal pose
and with a neutral expression. The student-ID photos were shown at a
size of 142 x 192 pixels, while face portraits were sized to 283 x 332
pixels at a resolution of 72 ppi.

3.1.3. Procedure

This experiment used data collected for a larger study. Participants
completed a battery of tasks, which also included the Cambridge Face
Perception Test (CFPT; Duchaine et al., 2007), Cambridge Car Percep-
tion Test (CCPT; Yang et al., 2017), Cambridge Face Memory Test
(CFMT; Duchaine & Nakayama, 2006), Models Memory task (MMT; Bate
et al., 2018), and a new face matching task. These tasks were presented
in the following order: All participants first completed the new face
matching test. For the remaining tasks, there were two different orders,
which were randomly allocated to participants. Half of the participants
completed the tasks in the order of GFMT, CFMT+, CFPT, MMT, KFMT,
whereas the remaining participants completed these tasks in the reverse
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Mismatch

GFMT

KFMT

Fig. 3. Note. Fig. 3 provides examples of match and mismatch trials for the Glasgow Face Matching Test (GFMT; top row) and the Kent Face Matching Test (KFMT;
bottom row). Models from the images within the images here consented to having their images used within publications.

order. On each trial of the GFMT and KFMT, a fixation cross was shown
for 1 s and a pair of faces was then shown until a response was registered.
Participants were asked to determine whether the face pairs depicted the
same person or different people, and to indicate their response by
pressing the S key for ‘same’ or D key for ‘different’. Feedback for ac-
curacy was not provided to participants.
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3.2. Results

As in Experiment 1, all data analyses were performed with SPSS and
followed up with Bayesian analyses using JASP 0.18. Observers’ face
matching accuracy was first calculated for match and mismatch trials for
the GFMT (Match: M = 0.85, SD = 0.14; Mismatch: M = 0.65, SD = 0.20)
and KFMT (Match: M = 0.69, SD = 0.16; Mismatch: M = 0.60, SD =
0.18). Split-half reliability estimates for these data show moderate cor-
relations for match trials, 7(297) = 0.55, p < 0.001, and mismatch trials

GFMT Mismatch
(Std. Residuals)

4 2 0 2 4
GFMT Match
(Std. Residuals)

KFMT Mismatch
(Std. Residuals)

4 2 0 2 4
KFMT Match
(Std. Residuals)

Fig. 4. Note. Fig. 4 depicts the relationships between accuracy on match and mismatch trials for the GFMT (top row) and the KFMT (bottom). The graphs on the left
depict the unadjusted percentage accuracy data. The graphs on the right show a positive association of match and mismatch performance after controlling

for criterion.
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of the GFMT, r(297) = 0.62, p < 0.001. This was also observed for
match, r(297) = 0.52, p < 0.001, and mismatch trials of the KFMT, r
(297) = 0.54, p < 0.001.

Performance on match and mismatch trials was then correlated using
Pearsonr for each test. As shown in Fig. 4, match and mismatch accuracy
correlated negatively on the GFMT, r(297) = —0.15, p < 0.001, BFyo =
1.85, and on the KFMT, r(297) = —0.42, p < 0.001, Byg > 100. Thus,
observers who were good at making match decisions on these two tests
do not appear to be the same observers who achieved high mismatch
accuracy. This is consistent with Experiment 1 and is indicative of dif-
ferences in criterion placement across participants.

As in Experiment 1, we then examined the relationship between
performance on match and mismatch trials when individual differences
in decision-making thresholds are partialled out. For this purpose, the
accuracy data was converted into signal detection measures of d’ and ¢
(for the calculation of these measures see Stanislaw & Todorov, 1999).
This revealed GFMT d’ values of M = 1.65 (SD = 0.80) and criterion of
M= -0.36 (SD = 0.47), and KFMT values of &’ M = 0.85 (SD = 0.56) and
criterion M = —0.14 (SD = 0.43), respectively. These values also
exhibited good split-half reliability for criterion (both rs > 0.62, ps <
0.001) and adequate split half reliability for d” (both rs > 0.29, ps <
0.001).

We then calculated residual scores to examine the relationships be-
tween match and mismatch accuracy after controlling for bias (crite-
rion). Considering the strong relationship between criterion on the
GFMT and the KFMT, r(297) = 0.55, p < 0.001, BF;¢ > 100, grand av-
erages were calculated of each participant’s criterion score from both
tests using equal weightings. These were then used to create a residual
score for both match and mismatch trials that controls for average cri-
terion. Once again, these residual scores exhibited high split-half reli-
ability for GFMT match trials, r(297) = 0.47, p < 0.001, and mismatch
trials, r(297) = 0.46, p < 0.001, and for KFMT match, r(297) = 0.31,p <
0.001, and mismatch trials, r(297) = 0.30, p < 0.001.

The data of most interest were the match-mismatch correlations of
these residualised scores. As can be seen in Fig. 4, after controlling for
criterion in this way, positive correlations were observed between match
and mismatch accuracy on the GFMT, r(297) = 0.53, p < 0.001, BFyy >
100, and the KFMT, r(297) = 0.28, p < 0.001, BF,o > 100. This data is
available on OSF (https://osf.io/cj428/?view_only=39ee06e2758e45
bfa7f60e5712526fb1).

3.3. Discussion

The results provide a direct replication of Experiment 1. Negative
correlations were observed between match and mismatch accuracy on
the GFMT and the KFMT. This indicates the presence of systematic
response biases, whereby observers are biased towards match or
mismatch decisions in their attempts to solve these tasks. Again, this
interpretation is strengthened by a correlation of criterion values across
the two tests, which suggests that these biases are stable at the level of
the individual and show transfer across different face-matching tests
(Baker et al., 2023). Crucially, when these biases are removed from the
accuracy data, reliable positive associations between performance on
match and mismatch trials are found for the GFMT and KFMT. This in-
dicates that the relationship between the identification of match and
mismatch trials is masked by individual differences in the placement of
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decision-making thresholds.
4. Simulation 1

Thus far, we have established that match and mismatch accuracy
correlate when individual differences in criterion placement are parti-
alled out from response accuracy. This paves the way for a cognitive
theory that can link identification of match and mismatch trials to
explain how face matching is solved. However, without a direct
manipulation of criterion, the observed correlation of match and
mismatch accuracy could be explained by other factors besides indi-
vidual differences. In the following simulations, we will address possible
alternative explanations by attempting to reproduce our findings. The
first simulation aims to provide a direct replication of the results from
Experiment 1 and 2.

4.1. Method

Here, and in each subsequent simulation, we use the terms ability
and bias to distinguish these from the signal detection measures of
sensitivity and criterion, which have different units and, in the case of
criterion, also have a different sign. For example, while a participant
exhibiting a match bias would have a negative criterion value in Ex-
periments 1 and 2, a negative bias will make participants worse at match
trials and better at mismatch trials in the simulation. Furthermore, in the
simulations, ability is a property of the participant alone, whereas a
participant’s sensitivity in experiments would be dependent on their
ability and the difficulty of the task.

For the first simulation, we generated data for a deterministic model
by drawing from separate truncated normal distributions (Luong,
2025)° to act as participants’ ability and bias, and also for stimulus item
difficulty. Generating data for these parameters separately means that a
simulated individual with high or low ability can have any bias—logic
that is consistent with Baker et al. (2023) and with assumptions in signal
detection theory.

Then, match and mismatch trials were simulated with a normal
distribution of difficulty. A match trial is scored correct if a simulated
participant’s combined ability and bias (i.e., ability + bias) exceeds the
trial difficulty, and a mismatch trial is correct if their combined ability
and bias (i.e., ability - bias) value exceeds the trial difficulty. Softening
this decision threshold, for example by using a sigmoid probability
function, adds complexity and random variance but does not alter the
form of the results. We first applied these values to replicate the results
of Experiment 1 and 2. We looked at accuracy when bias was allowed to
vary, followed by performance after controlling for bias.

4.2. Results

The results of these simulations are shown in Fig. 5. When bias was
allowed to vary, as is the case with the raw data in Experiments 1 and 2,
performance on match and mismatch trials echoes the negative rela-
tionship between match and mismatch accuracy shown in Experiment 2,
r=—0.06, p = 0.59. We then looked at the relationship between match
and mismatch scores after holding individual differences in bias con-
stant. As shown in Fig. 5, this also replicated the findings from Experi-
ment 1 and 2, wherein a positive relationship between match and

3 The truncated Gaussian distributions ensure that the variables for partici-
pant ability and item difficulty variables cannot go past 1 or 0. For example, if
ability has a M = 0.65 and SD = 0.10 (capped at 0.20), the data would range
between 0.45 and 0.85, and would peak approximately at 0.65.
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Fig. 5. Note. Fig. 5 provides a Scatter plot of simulated participants’ match and mismatch accuracy when bias freely varies (Left) and when bias is controlled (right).

mismatch accuracy emerges after accounting for bias, r = 0.85, p <
0.001. The correlations are high because, once individual variations in
bias are accounted for, the only remaining source of variance is the
random normal distribution of item difficulties. Increasing the number
of items reduces the average effect of this variation, which increases the
correlation further. Adding other sources of variance, such as some
uncertainty around each match decision, reduces the correlation.

4.3. Discussion

This simulation replicates the findings with human participants in
Experiments 1 and 2, by demonstrating that match and mismatch per-
formance can be correlated negatively when bias values vary freely, but
correlated positively when bias is controlled. This was observed under
conditions in which match and mismatch trials were simulated with a
normal distribution of difficulty, while the performance of individual
participants was derived from two normal distributions reflecting ability
and bias. We also suggest that item difficulty and the number of trials
might be moderating factors, whereby increases in the number of items
stabilizes the relative influence of difficulty values for each item, and
therefore strengthens the correlation between match and mismatch
performance when bias is controlled.

5. Simulation 2

One approach to seeking understanding of the processes involved in
face matching and recognition has been to ask participants to do a va-
riety of tasks and then perform a principal components analysis (PCA)
on the set of results. This typically produces two components, one of
which loads onto matches, or hits in a memory task, with the other
loading onto mismatches or correct rejections (e.g., Bobak et al., 2019a,
2019b, Hancock et al., 1996a, 1996b). This has been taken as evidence
for there being two different processes underpinning both of matching
and recognition memory of unfamiliar faces. Given the results of
Simulation 1, this second simulation seeks to explore how variations in
individual bias and ability affect the outcome of PCA. We first simulated
face matching under conditions of greater variance in participants’ bias
than ability. This models a scenario that accentuates the impact of

individual differences in criterion on human face-matching performance
and should lead to a strong influence of response bias and a negative
correlation of match and mismatch scores. We then modelled how this
outcome changes when there is equivalent variability in ability and bias,
and more variability in ability than bias.

5.1. Method

In each simulation, four different data sets were generated using the
same approach as in Simulation 1, akin to behavioural data from four
different unfamiliar face-matching tasks. Stimulus items and their
associated difficulty values varied across these four simulated data sets,
but the simulated participant’s ability and bias remained constant. As in
the previous simulation, average item difficulty and participant ability
were set to a M = 0.65 for each of these data sets and simulated par-
ticipants got a match trial correct if the sum of their ability and bias
exceeded the item’s difficulty. Values were first simulated for when
there is more variance in participants’ bias than ability, then with
equivalent variability in ability and bias, and finally with greater vari-
ability in ability than bias.

5.2. Results

Fig. 6 shows the results of the three different simulations. The plots
each result from one of the four sets of match and mismatch scores from
each simulation. The PCA results are derived from all four sets of scores
for each simulated participant. To simplify the presentation, we report
the average values for the loadings of match and mismatch trials,
without and with varimax rotation.

As shown in Fig. 6A, when variability in simulated values are greater
for bias (SD = 0.10) than ability (SD = 0.05), match and mismatch scores
correlate negatively, r = —0.67, p < 0.001. In the unrotated PCA, the
first component, which captures the larger source of variance, corre-
sponds to bias. This is reflected by the positive component loadings for
match scores and negative component loadings for mismatch scores. The
second component corresponds to ability. This is reflected by the posi-
tive component loadings for both match and mismatch scores. However,
when varimax rotation is applied to these data to aid interpretability,
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Varimax Component1 Component 2
Match (overall) 0.50 0.00
Mismatch (overall) 0.00 0.50
Variation (bias) = Variation (ability)

Unrotated Component1 Component 2
Match (overall) 0.50 0.03
Mismatch (overall) -0.03 0.50
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Match (overall) 0.50 0.00
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Fig. 6. Note. Fig. 6 provides plots of simulated mismatch vs match accuracy and PCA results for different ratios of variation in ability and bias. The values reported
for match and mismatch performance in each PCA reflect an average value. This is because all values in each match and mismatch measure were consistent. Indeed,
the maximum amount that any individual match or mismatch score deviated from the reported value above was less than + 0.10.
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matches and mismatches separate, with one component loading onto
accuracy on match trials and the other loading onto mismatches. Vari-
max rotation aids interpretability by seeking to align the orthogonal PCA
axes with input variables and succeeds in aligning one with match and
one with mismatch scores.

As shown in Fig. 6B, when the simulation has equal variation in bias
and ability (SDs = 0.10), there is little correlation between match and
mismatch scores, r = —0.02, p = 0.84. The unrotated PCA solution is
somewhat unstable, but here it has settled on one component for match
scores (component 1) and the other for mismatch scores (component 2).
The varimax rotated solution remains as before, separating match and
mismatch components. Finally, when the simulation has less variation in
bias (SD = 0.05) than that for ability (SD = 0.10), as is the case for
Fig. 6C, there is a strong positive correlation between match and
mismatch performance, r = 0.55, p < 0.001. The unrotated PCA detects
that ability carries the most variance in scores, as is reflected by
component 1 which has positive component loadings on both match and
mismatch scores. The second component captures variations in bias.
This is reflected by positive component loadings for match scores and
negative loadings for mismatch scores. Again, the varimax rotated so-
lution separates match and mismatch components.

5.3. Discussion

The scatterplot results make it clear that it is possible to produce
positive, zero or negative correlations between match and mismatch
scores by adjusting the relative amount of variability in bias and ability.
When ability dominates, scores are positively correlated; when bias
dominates, the correlation is negative. While the size and direction of
any observed correlation does not say anything about the number of
cognitive processes involved in unfamiliar face matching, it provides
comprehensive evidence of how the spread of individual differences in
bias and ability might influence the nature of this correlation. Essen-
tially, observing that an individual is better at match trials than
mismatch trials is entirely equivalent to saying they have a bias towards
saying match. This might be because there are two or more different
underlying cognitive processes and an individual is stronger at identi-
fying match/mismatch trials, or because they are biased towards saying
match/mismatch (e.g., because their decision thresholds are placed in
such a way that less evidence is needed to say match), or some combi-
nation of the two.

The unrotated PCA results behave exactly as they should, identifying
the two underlying independent sources of variance in the data and
allocating the first component to the source with greater variance. When
the two sources of variance are equal, the unrotated PCA can settle on
separate components for match and mismatch scores. Applying varimax
rotation, which is commonly done to aid interpretability, always gen-
erates separate components for match and mismatch scores. These re-
sults suggest that the patterns that appear in human data will depend on
the range of abilities and the range in biases in the tested population.
Thus, if the sample includes individuals who are especially good or bad
at the task, then a positive correlation between match and mismatch
scores is likely. Similarly, the effect of variable criterion will also depend
on how accurate the participants are. When sensitivity is high, as is
represented by a large separation of signal and noise distributions, cri-
terion placement should not matter and there should be a positive
relationship between match and mismatch performance. When sensi-
tivity is poor, as is represented by partially overlapping signal and noise
distributions, criterion placement should matter (e.g., a placement that
yields more hits will also yield more false alarms) and this might lead to
a negative relationship between match and mismatch performance.
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Overall, these results extend the findings from our experiments and
simulations, by demonstrating how individual differences in sensitivity
and criterion — or ability and bias — interact and suggest that both are
important for understanding face matching.

6. Simulation 3

While the experiments and simulations above have assessed indi-
vidual differences in performance at the observer level, it is very possible
that individual differences at the item level might also play a role in the
dissociation between hits and correct rejections. For example, while
observers are likely to determine that two images of the same distinctive
face are the same identity in a match trial, a bias akin to those explored
above might be elicited if an experimenter could find a suitable, similar-
looking identity to pair with that face in a mismatch trial. However, such
biases at the item level cannot exist in matching studies, as a given face
pair either is or is not a match. The stimulus pair itself cannot be both.
Thus, biases at the stimulus level of matching tasks, might merely reflect
that some face pairs are just easier than others, reflecting the similarity
of the faces depicted (e.g., Fysh & Bindemann, 2023; for similar effects
shown by somewhat increasing the distinctiveness of faces see McIntyre
et al., 2013). As such, to even consider the relative contribution of
variability in criterion at the item level on face identification choices in
humans, one must use an old/new task.

There are two critical reasons why it is feasible that trial-level biases
might elicit similar effects to those shown in individual observers: First,
item-level biases are readily found in old/new recognition tasks. For
example, the tendency for such a bias to occur at the item level, such as
when an item is more likely to be declared as old regardless of whether it
had or had not been seen before, was termed “context free familiarity”
by Vokey and Read (1992). Second, it has long been observed that old-
new memory tasks that investigate face identification elicit a dissocia-
tion similar to that which is found in face matching tasks (e.g., Hancock
et al., 1996a, 1996b; Megreya & Burton, 2007; Vokey & Read, 1992). In
these studies, items that are correctly remembered when present in one
experiment (i.e., are “old”) are not necessarily correctly rejected when
acting as foils (lures) in another experiment (i.e., are “new”). Collec-
tively, this suggests that such item-level biases do exist in unfamiliar face
identification and might influence the dissociation found in old/new
tasks. This final simulation explores how variation in bias across items
towards being declared old or new interacts with variations in partici-
pants’ bias towards the decision. We hypothesized that both item-level
and participant-level biases would influence the relationship between
performance on old and new trials in the same way that participant-level
biases and criterion influenced the relationship between match and
mismatch performance.

6.1. Method

As with the previous simulations, participants were modelled as
having a range of abilities and biases, while items were also modelled as
having a range of difficulties and biases. In doing so, accuracy is not only
dependent on participants’ ability and the item difficulty, but also on
each participant’s bias and each item’s bias. Participants’ ability was
simulated to be normally distributed and centred on 0.65. Participants
each had a bias, also drawn from a normal distribution centred on zero,
wherein positive values reflect a greater tendency to classify stimuli as
old. Item difficulty was simulated to be normally distributed and centred
on 0.65. Items each had a bias, also drawn from a normal distribution
centred on 0, where a positive bias makes it more likely to be identified
as old. Simulated participants were correct on old trials if their
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combined ability and bias (i.e., participant ability + participant bias)
exceeds difficulty (i.e., item difficulty - item bias). Simulated partici-
pants were correct on new trials if their ability and bias (i.e., participant
ability - participant bias) exceeds difficulty (i.e., item difficulty + item
bias). Since exactly the same items appeared in both old and new trials,
we prevented the model from being completely deterministic by adding
a small amount of noise (Gaussian distribution, M = 0, SD = 0.05) to
each decision (i.e., [ability + bias] + noise). We conducted four varia-
tions of this simulation to create the following models: (I) A model
without bias at the participant or item level, (II) with bias at the
participant level (SD = 0.05) and without bias at the item level, (III)
without bias at the participant level and with bias at the item level (SD
= 0.05), and (IV) with bias at both participant (SD = 0.05) and item
levels (SD = 0.05).

6.2. Results
The output from the four simulations can be seen in Fig. 7, with
analysis by items on the left and by participants on the right. When there

is no variability in bias at either the participant or item level (A and B),

By Items

A. 1.00 1
© 0.75-
e
©
0.50
he
O 0.251
0.00-' T T T T
0.00 0.25 0.50 0.75 1.00
Hit rate
1.00
C.
9 0.751
©
= 0.501
(0t
O 0.251
O'Ooﬂl T T T T
0.00 0.25 0.50 0.75 1.00
Hit rate
E. 1.00 ‘
0.751 - o
© [}
= 0.50 '\"
(o s Py
O 0.254 , ®
0.00, : 4 ; ;
0.00 0.25 0.50 0.75 1.00
Hit rate
G. 1.00 Y
2075 giame. o =
2 0.50 =
o i e - 5 4
O 0.254
o'oo-l T T T T
0.00 0.25 0.50 0.75 1.00

Hit rate

Cognition 266 (2026) 106319

there are strong positive correlations between hits and correct rejections
(rs > 0.91, ps < 0.001). Thus, at the participant level, individuals who do
well at remembering which items were present at study are also good at
rejecting those that were not. At the item level, an item that is well-
remembered when present is well-rejected when not. When bias varies
only at the participant level (C and D), there is no association between
hits and correct rejections at the participant level (r = —0.15, p = 0.13)
but a strong positive correlation at the item level (r = 0.92, p < 0.001).
When bias only varies at the item level (E and F), while there is a strong
positive relationship between hits and correct rejections at the subject
level (r = 0.87, p < 0.001), but the correlation is non-existent at the item
level (r = —0.11, p = 0.60). Finally, when variability in bias is present at
both the participant and the item levels (G and H), performance is not
correlated either for items (r = —0.08, p = 0.71) or participants (r =
0.21, p = 0.15). The strength of all correlations depends on the balance
between variability in criterion and variability in ability/difficulty. The
simulation code is available on osf (https://osf.io/5wk2z/).
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Fig. 7. Note. Fig. 7 provides plots for the relationships between old (hits) and new (correct rejections; CR) responses with and without variability in criterion at the
item (left) and participant (right) levels. A-B had no variability in bias at either level. C-D had variability in bias only at the participant level. E-F had variability in
bias only at the item level. G-H had variability in bias at both levels.
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6.3. Discussion

In this simulation, the relationship of hit and correct rejection rates
were modelled by contrasting variability in criterion at the participant
and item level. This is an important simulation as it shows that just as
individual differences in observers’ criterion can drive the dissociation
of match and mismatch performance, it also can drive the dissociation of
old/new performance. Indeed, this simulation also shows that item-level
biases can elicit a similar dissociation. Together, differences in both
item- and individual-level biases can account for the long-observed lack
of correlation between hit and correct rejection rates in old/new mem-
ory tasks. This is critical as, while item-level biases cannot feasibly exist
in matching tasks, biases in both items and in criterion can exist in many
face identification tasks, and in many applied settings. Notably, the
correlations at the item level and the participant level are each depen-
dent on the amount of variation in the bias at the corresponding level,
and as such it is possible to get a correlation at the item- but not the
participant-level, or vice versa. There are of course other sources of
variance that will affect the observed item-level correlations. For
example, participants tend to remember unfamiliar faces that resemble
those that they do already know (Hancock, 2021; for the influence of
similarity in siblings see Strathie et al., 2022). Regardless, the findings
here suggest that, much like the match-mismatch dissociation shown in
the previous studies and stimulations, the dissociation in hits and correct
rejections that is often observed in old/new recognition tasks is also
influenced by bias—an effect that was hinted at within the recognition
memory literature (Hilford et al., 2015).

7. General discussion

Face matching requires binary decisions to pairs of images, to
determine whether the images depict an identity match or a mismatch.
These two choices are mutually exclusive so one might expect that ob-
servers, who are adept at identifying when a matching face pair displays
images of the same identity, are also good at determining when a mis-
matching face pair shows different people. Contrary to this reasoning,
performance for match and mismatch trials is typically unrelated or
correlated negatively, whereby observers who are good at making one
type of identification (e.g., that a face pair is an identity match) are poor
at another (e.g., that a face pair is a mismatch; Fysh & Bindemann, 202.3;
Megreya & Burton, 2007; Sauerland et al., 2016). This poses a great
problem for developing a cognitive theory to explain how match and
mismatch identifications are linked.

The current paper solves this puzzle. First, we have demonstrated the
presence of systematic response biases in face matching, whereby ob-
servers tend to choose one response option (e.g., match) over the other
(e.g., mismatch). These response biases reflect the decision-making
thresholds that observers adopt to distinguish matches from mis-
matches. We provide evidence that the placement of these decision-
making thresholds is stable at the individual level and transfers across
tests, by demonstrating split-half reliability and correlations of criterion
values. Importantly, we then demonstrate consistent positive correla-
tions in match and mismatch performance when these criterion values
are partialled out from the accuracy data. This phenomenon was
observed with large sample sizes, totalling nearly 550 participants
across two experiments that were conducted in two different labs, and
three face-matching tests (AIFMT, GFMT, KFMT). This provides confi-
dence that these are robust and replicable effects.

We then confirmed these findings with a series of simulations that
systematically examined how variability in criterion influences the
relationship between performance on match and mismatch trials in face-
matching tasks or old and new trials in face-recognition tasks. The first
of these simulations reproduced the dissociation between match and
mismatch performance when criterion is free to vary, and the positive
relationship between match and mismatch accuracy when criterion is
controlled. The second simulation confirmed that the directionality of
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the relationship between match and mismatch performance is influ-
enced by the amount of variability in criterion and sensitivity. The third
simulation, which represented that of an old/new recognition paradigm,
because an item cannot be both a match and mismatch in an unfamiliar
face matching task, then contrasted variability in criterion at the
participant- and item-level. This showed that performance on old and
new trials correlates tightly when both sources of variability are
equivalent. In contrast, when one these sources of variability is
controlled while the other remains free to vary, a positive correlation
between match and mismatch performance is only observed with the
controlled parameter. This selective influence of criterion demonstrates
directly that criterion determines the nature of the relationship in per-
formance on old and new trials—a finding that also has implications for
both the relationships between performance on old and new trials, and
also on match and mismatch trials. Whereas recognition (match trials,
old trials) and discrimination (mismatch trials, new trials) are associated
strongly when criterion is controlled, variability in criterion disconnects
these measures. Collectively, this can explain why match and mismatch
performance and old/new performance is often uncorrelated in behav-
ioural experiments (e.g., Fysh & Bindemann, 2023; Megreya & Burton,
2007; Megreya et al., 2011; Sauerland et al., 2016). This simulation also
demonstrates why weak negative correlations between match and
mismatch accuracy are often observed (e.g., Bate et al., 2018, 2019; Fysh
& Bindemann, 2023; Kokje et al., 2018; Megreya & Burton, 2007).
Whereas match and mismatch performance, as well as old and new
performance, correlate positively and strongly when variability in cri-
terion on a by-subjects or by-item level is eliminated systematically,
reflecting a large contribution of variability in sensitivity, weak negative
correlations are found when participants and items provide concurrent
sources of variability. As individual differences in face matching and
memory are shown for both accuracy or sensitivity and also criterion (e.
g., Baker et al., 2023; Bobak et al., 2023; Fysh & Bindemann, 2018;
McCaffery et al., 2018), and the difficulty of match and mismatch items
is often free to vary across these trials, this can explain why weak
negative correlations between match and mismatch accuracy are
frequently found. Collectively, these findings demonstrate that indi-
vidual differences in criterion placement mask the relationship in per-
formance between match and mismatch performance, as well as in
old/new face memory performance. In turn, these individual differences
also provide the mechanism by which the identification of match and
mismatch face pairings (or old and new recognition memory) is linked.

This possibility can be mapped onto a number of observations in the
face-matching literature. For example, while there is evidence that both
match and mismatch identifications reflect the perceived similarity of
faces (Fysh & Bindemann, 2023; Papesh, 2018; Rice et al., 2013; Rob-
ertson et al., 2017), it has been suggested that these identifications
might also require some separable deliberations. Match identifications
might require a greater appreciation of the range of within-person
variability that a person can exhibit in their appearance across
different images or encounters, so that even two very different images of
the same face can be reconciled as belonging to the same person.
Mismatch identifications, might require a greater appreciation of
whether similarities between people are meaningful or incidental.
Accordingly, there is evidence that identity matches might be resolved
through an accumulation of similarity information that two face images
share, whereas mismatch identifications might rely more on an appraisal
of meaningful similarities and differences between faces (see Bindemann
& Burton, 2021; Fysh & Bindemann, 2023).

While similar reasoning might extend to the finding that some ob-
servers are better at identifying either match or mismatch trials, a sec-
ond potential conclusion could be drawn. It is possible that enhanced
accuracy with one of these stimulus types reflects differences in ob-
server’s decision-making thresholds. For example, two groups that are
considered to be exceptionally skilled in face identification differ in their
criterion placement and therefore show distinct error patterns. So-called
super-recognizers are individuals who appear to have a high natural
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ability to remember and identify faces (e.g., Nador et al., 2021; Ramon,
2021; Ramon et al., 2019). These observers exhibit a tendency to classify
face pairs as matches and are biased to make highly confident errors on
mismatch trials (Towler et al., 2023). Forensic facial examiners, on the
other hand, are practitioners with a trained ability for face identification
and tend to be more balanced in the placement of the decision-making
criterion between matches and mismatches. These experts are also
more cautious in expressing confidence when errors are made (Towler
et al., 2023).

The current findings extend recent calls to integrate decision-making
measures into models of face identification (Baker et al., 2023; Bind-
emann & Burton, 2021). Existing models focus primarily on the accuracy
or sensitivity of identifications (e.g., Bruce & Young, 1986; Fitousi,
2023; O’Toole et al., 2018; Valentine, 1991), whereby errors occur
because between-person similarity and within-person variability are
hard to discriminate. For example, the unequal variance signal detection
model (Fitousi, 2023) attributes the match-mismatch dissociation to
independent signal distributions for these trial types that have their own
variances, while correlations for both match and mismatch accuracy
with the perceived similarity of face pairs is taken as evidence that these
decisions also have a shared basis. Here we show that signal detection
analysis can also provide insight into how observer characteristics in-
fluence face matching. Our findings extend contemporary theories by
demonstrating that individual differences in the placement of criterion
mask the overarching relationship in the identification of match and
mismatch trials. While accuracy and sensitivity can determine the
number of errors one makes, the placement of criterion determines the
type of error. By taking these individual differences into account, the
processing of matches and mismatches can be unified with a framework
in which the placement of these decision-making thresholds provides
the mechanism that links the identification of these face pairings.

Our study focused on criterion placement. A question that arises is
whether criterion shifts might also create a correlation of match and
mismatch performance by attenuating individual differences. Criterion
shifts have been observed under a range of conditions, for example,
when face matching is performed in an airport context (Bindemann
et al., 2022), in response to costs, payoffs and unequal base rates (Baker
& Bindemann, 2025; Stabile et al., 2024; for a discussion of these effects
in other stimulus categories see Lynn & Barrett, 2014), and when su-
perficial image differences (e.g., hue) are imposed on face pairs (Bobak
et al., 2019a, 2019b). As our simulations show that a match-mismatch
correlation emerges when criterion is controlled, criterion-shifting
should exert similar effects if this leads to a reduction of individual
differences in this parameter. While it is possible that criterion shifting
might then be used as a strategy to reduce such individual differences,
the success of such a strategy would be dependent on the shift in ques-
tion driving all participants (or items) towards a neutral bias or in the
same direction (for an example at the item-level, see Hilford et al.,
2015). However, as there is evidence of individual differences in crite-
rion placement at the participant level (e.g., Baker et al., 2023; Baker &
Bindemann, 2025), it remains to be seen whether such an effect would
be observed under conditions in which there are individual differences
in performance.

Future research should certainly focus on the origin of individual
differences in criterion placement in face matching. There is evidence
that criterion is influenced by task difficulty and the relative frequency
with which matches and mismatches occur (e.g., Baker & Bindemann,
2025; Stabile et al., 2024), as well as the applied context in which face
matching is studied (e.g., Bindemann et al., 2022; Feng & Burton, 2019,
2021; McCaffery & Burton, 2016; Tummon et al., 2019). The key
question, however, is what causes stable individual differences in cri-
terion placement. While such an effect could arise from congenital dif-
ferences in face identification ability (e.g., Wilmer et al., 2010; Zhu
et al., 2010), a stronger argument might be made for the role of visual
experience with faces. Experience with faces, for example, appears to
shape performance on tasks that require memory for and the matching
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of unfamiliar faces (Balas & Saville, 2015, 2017; Laurence & Mondloch,
2016; Baker et al., 2017; for similar experiential effects with face cate-
gories see Laurence et al., 2016; Proietti et al., 2019), and individual
differences in face-matching ability (i.e., sensitivity) predict criterion
shifting under variable conditions. For example, when there are unequal
proportions of match and mismatch trials, or unequal costs associated
with making different types of errors, observers with lower ability tend
to adopt more extreme criteria towards the more likely or less costly
response. Thus, it is possible that individual differences in criterion
placement are less influential when ability is high, or even that in-
dividuals are less likely to strategically shift their criterion if the shift
might require them to sacrifice accuracy (Miller & Kantner, 2020).
Together, these studies suggest that individual differences in the visual
experience with faces might also explain individual variation in criterion
placement. Evidence in support of this possibility is found in studies that
use faces from categories with which individuals have abundant versus
limited experience, such as with own- versus other-race faces. Compared
to participants who complete trials comprising only own-race faces,
participants who complete trials comprising other-race faces show
poorer performance, and when faced with unequal costs and base rates
they show greater shifts in criterion (Stabile et al., 2024).

Finally, while the current study focused on unfamiliar face matching,
whether similar effects also extend to familiar face recognition is an open
question. We speculate, through the lens of Signal Detection Theory,
that for familiar faces there is likely a large separation between signal
and noise distributions in typical observers. This separation would be
indicative of high levels of sensitivity and makes sense given reports of
strong recognition performance for familiar faces (e.g., Jenkins et al.,
2011; Zhou & Mondloch, 2016). This separation should render criterion
placement mostly irrelevant—at least in what could be considered a
relatively noise-free environment. This should yield similar effects to
those reported by Megreya and Burton (2007), wherein participants
showed a match-mismatch dissociation for unfamiliar faces, but per-
formance correlated positively for familiarized faces. However, a second
possibility to explain such an effect could come from the unequal vari-
ance signal detection model, which attributes the transition from unfa-
miliar face matching to familiar face recognition to a change in the
similarity signal for a given face (Fitousi, 2023). Regardless of these
possibilities, whether such a dissociation can be induced for familiar
faces in a noisy environment (e.g., disguised familiar faces as in Noyes &
Jenkins, 2019) is an intriguing question for future research, especially as
representations of familiar faces are incredibly robust (e.g., Jenkins
et al., 2011; Laurence et al., 2022; Zhou & Mondloch, 2016).

In conclusion, the experiments and simulations reported here
demonstrate that the match-mismatch dissociation arises from individ-
ual differences in the placement of decision-making thresholds to
distinguish these stimulus types. When these biases are controlled or
partialled out from classification accuracy, reliable associations between
match and mismatch identifications are found. These findings support a
unitary cognitive theory in which individual differences in the place-
ment of decision-making thresholds provide the mechanism by which
the identification of face matches and mismatches are linked.
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