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Abstract: The Cambridge Face Memory Test Long (CFMT+) and the Glasgow Face Matching Test Short (GFMT-S) are frequently used tests in
face recognition research. No test-retest results in conjunction with internal consistency, mean inter-item correlations (MICs), and pre-post
mean differences have been reported. The internal consistency and the MICs provide insights into the homogeneity of items. In an online study
(N = 72), we investigated the test-retest reliability, Cronbach’s a, split-half reliability, MICs, and retest mean differences for the CFMT+ and the
GFMT-S. The CFMT+ showed satisfactory reliability coefficients above .88, whereas the coefficients of the GFMT-S were mainly dissatisfactory
and below .75. We argue that task characteristics like heterogeneous stimulus material might lower MICs, response behavior might enhance
reliability, and practice effects might increase the means of the CFMT+ in repeated measurements. Therefore, an integrative evaluation of

different psychometric parameters helps explaining variations of reliability in face recognition tests.
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Face perception and face recognition are important compo-
nents in social and forensic settings (Bruce & Young, 2012).
Face memory and face matching abilities focus on face
recognition research (Bate et al.,, 2018; Bobak, Hancock,
et al, 2016; Ramon et al., 2019) and face processing
research (Verhallen et al., 2017). The Cambridge Face
Memory Test Long Form (CFMT+) measuring short-term
face memory (Russell et al., 2009) and the Glasgow Face
Matching Test Short Form (GFMT-S) measuring face
matching (Burton et al., 2010) are frequently used in the
laboratory and online studies (Table 1 in Ramon et al,,
2019). Currently, there are only a few reports of psychome-
tric properties for the CFMT+ and the GFMT-S (e.g.,
Cronbach’s « in Petersen & Leue, 2021; Verhallen et al.,
2017). To our knowledge, there are no test-retest reliability
reports for the CFMT+ and only one for the GFMT-S
(Stantic et al., 2021). According to the standards in psycho-
logical assessment (American Educational Research Associ-
ation, 2014), it is important to report different psychometric
properties. The magnitude of the reliability coefficients of
the CFMT+ and the GFMT-S is important for applied and
assessment settings like the personnel selection of police
officers (cf. Ramon et al.,, 2019). The lower the reliability
coefficients are, the less accurately tests measure a person’s
true score (American Educational Research Association,
2014). Test-retest reliability indicates how stable a con-
struct can be measured over time and is operationalized
as the correlation between test scores obtained for the
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same individuals on the same test at different measure-
ment points (Cronbach, 1947). Due to daily fluctuations
and other individual or situational conditions in a person’s
performance (e.g., concentration or fatigue), face recogni-
tion performance could differ across time (Busey & Loftus,
2007). Some studies suggest that face recognition perfor-
mance should be highly test-retest reliable because face
recognition is highly heritable (Shakeshaft & Plomin,
2015; Wilmer et al., 2010) and can be trained only slightly
or not at all (Dolzycka et al., 2014; Hillstrom et al., 2011;
White et al., 2014). Face recognition performance is impor-
tant in eyewitness crime scenes (Bruce & Young, 2012).
Crime scenes are often of very short observation times
and occur in sub-optimal perception settings (Busey &
Loftus, 2007), suggesting an interaction of heritable face
recognition performance and requirements of the situation.
This study presents test-retest reliability data for the online
CFMT+ and the online GFMT-S in a context of low time
pressure, low social pressure, and optimal perception
settings.

If face recognition is a construct that describes a rather
homogeneous individual ability Cronbach’s a coefficients
should be high even in the assessment context of this study.
Cronbach’s « integrates the mean inter-item correlations
(MICs) and represents the conceptual coherence of all
items

0 =N x7ryn/l+(N—-1) X rny, (1)
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where 1, = mean intercorrelation of N items (Bernardi,
1994; Formula 2). Therefore, the higher the MICs in the
CFMT+ and the GFMT-S, the more internally consistent
the measured construct. Tests that are internally consis-
tent and assess stable constructs like traits should result
in higher test-retest coefficients because measurement
errors would less influence the test performance over
time (Gregory, 2014).

In addition to test-retest reliability, the mean differences
of two measurement points can be interpreted in the con-
text of construct validity (Cronbach & Meehl, 1955). Signif-
icant mean differences could indicate that memory or
practice effects influence the performance in test repeti-
tions suggesting higher test scores in the second measure-
ment than in the initial measurement (Gregory, 2014;
Lord & Novick, 2008). If practice effects would not drive
the performance of the CFMT+ and the GFMT-S at differ-
ent measurement time points, the mean values in the
CFMT+ and the GFMT-S would not significantly differ over
time. Consequently, if measurement errors like practice
effects would not matter, just an individual’s heritable per-
formance would drive test-retest scores of the CFMT+ and
the GFMT-S. Thus, high test-retest reliability coefficients
should go along with nonsignificant mean value variations
of the CFMT+ and the GFMT-S across measurement
points. Therefore, in this study, we wanted to analyze and
interpret the mean differences of two measurement points
for the CFMT+ and the GFMT-S.

The CFMT+ (Russell et al., 2009) has been used in the
research of superior face recognition (Bobak, Pampoulov,
et al.,, 2016; Davis et al., 2016; Ramon et al., 2019). There
are a few test-retest reliability reports for the CFMT
(Duchaine & Nakayama, 2006), the easier former version
of the CFMT+ (Murray & Bate, 2020; Stantic et al., 2021;
Wilmer et al., 2010). Wilmer et al. (2010) reported a test-
retest reliability of #(389) = .70 for a six-month test-retest
interval and r(42) = .76 for a two-months test-retest interval
(online CFMT). Thus, the test-retest reliability of the CFMT
can be rated as low to satisfactory (Gregory, 2014). In
Gregory (2014) test-retest reliability of > .70-.80 for perfor-
mance tests is rated as satisfactory. The test-retest reliabil-
ity for the GFMT-S was satisfactory (.77, 14 days, N = 69) in
Stantic et al. (2021). Consistent with these results, the test-
retest reliability has been reported for other face memory
and face matching tests with low to satisfactory values,
for example, .59 (1 week, N = 78; UNSW Face Test; Dunn
et al, 2020) and .76 (1 month, N = 102; Recognition
Memory Test Faces; Bird et al, 2003). Overall, in this
study, we investigate the test-retest reliability in conjunction
with the internal consistency, MICs, and mean differences
for repeated measures of the CFMT+ and the GFMT-S.
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Methods

Participants

A total of N = 75 participants performed the CFMT+ and
the GFMT-S online at two measurement points, 12 weeks
apart, according to the intervals in Wilmer et al. (2010).
Three participants who did not fulfill the criteria for suffi-
cient quality of online data were excluded. For example,
participants were excluded when they used smartphones
or reported technological problems. Similar criteria have
been used in Petersen and Leue (2021). Thus, N = 72 par-
ticipants (49 females, 68.06%, M = 44.38 years, SD =
12.40, range 21-69 years) were included for data analysis.
All participants were white Caucasian, lived in Germany,
and performed the tests for the first time at the first mea-
surement point. Regarding professional status, 84.72% of
the participants (N = 61) had a university degree or general
qualification for university entrance. The participants were
not selected according to their recognition ability.

Materials

The Cambridge Face Memory Test Long Form
(CFMT+; Russell et al., 2009)

The CFMT+ is the more difficult version of the computer-
based standardized CFMT (Duchaine & Nakayama,
2006) and measures short-term face memory with an iden-
tification task. The test familiarizes participants with six
male target faces, gray-scaled, presented from three view-
points. After the learning phase, three pictures were pre-
sented, and the participant had to choose which person is
known from the learning phase, using three alternative
forced-choice answer categories (for stimuli, see Russell
et al., 2009). The CFMT+ yields a total score of 102 points
with one point for each correctly answered item. The
CFMT+ has no time limit. Test properties, for example,
item difficulties and Cronbach’s «, of the adapted online
CFMT+ are reported in Petersen and Leue (2021) for labo-
ratory (N = 109) and online settings (N = 1,435; Cronbach’s
a=.92).

The Glasgow Face Matching Test Short Form
(GFMT-S; Burton et al., 2010)

The short version of the GFMT (Burton et al., 2010) con-
sists of 40 item pairs of simultaneously presented unfamil-
iar face images in a classical face-matching task, half with
the same identity and half with a different identity. The
images show female and male faces in frontal position, with
a neutral expression, and in gray-scale (for stimuli, see
Burton et al., 2010). Participants decided whether the faces
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Table 1. Cronbach’s a (with Cl), MICs, and split-half reliabilities of the CFMT+ and GFMT-S for the first and second measurement points

(12 weeks apart)

CFMT+ GFMT-S
First time Second time First time Second time
Cronbach’s a 91 94 .68 .64
Cl [.88;.94] [.92; .96] [.67;.78] [.62; .76]
MIC A2 18 .07 .06
Split-half, method 12 .91 .91 .65 .75
Split-half, method 2° .87 .88 .68 .60

Note. N = 72; CFMT+ = Cambridge Face Memory Test Long (102 items); GFMT-S = Glasgow Face Matching Test Short (40 items); Cl = confidence interval for
Cronbach’s a; MIC = mean inter-item correlation. Split-half reliability using Odd-Even method, Spearman-Brown corrected. °Split-half reliability using

First-Second half method, Spearman-Brown corrected.

were of the same person or two different persons (answer
categories: same or different). The GFMT-S yields a total
score of 40 points, one point per correctly answered item.
The GFMT-S has no time limit. Some test properties, for
example, item difficulties and Cronbach’s a, of the adapted
online GFMT-S conducted in the laboratory (N = 109) and
online settings (N = 1,435; e.g., Cronbach’s a = .71) are
reported in Petersen and Leue (2021).

Procedure

All data were collected online via SoSci Survey, a web-based
platform for surveys (https://www.soscisurvey.de/en/
index). Out of a large online sample (N = 1,435, Petersen
& Leue, 2021), we recruited a smaller sub-sample for the
present test-retest study. The study was designed according
to the ethical principles of the Declaration of Helsinki
(World Medical Association, 2013). The first and second
measurements (12 weeks apart) followed the same proce-
dure. The tests were presented in a fixed order: participants
gave written informed consent, demographic questions, fol-
lowed by the CFMT+, one-minute break, followed by the
GFMT-S, control questions to operationalize the online data
quality criteria (see Participants section), and feedback on
performance. The participants usually performed the tests
at home or at work and were prompted to conduct the
study in a quiet environment reducing disturbance effects,
for example, turning off mobile phones. At the second
measurement point, participants were asked to perform
the same test conditions as in the first measurement, for
example, same time and place.

Statistical Analysis

The CFMT+ and the GFMT-S performances were scored
dichotomously for each item using the correct responses.
Therefore, we could have calculated the internal consis-
tency by using the Kuder-Richardson 20 formula. Because
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Cronbach’s « is identical with Kuder-Richardson 20 for-
mula when items are scored O and 1 (Anselmi et al.,
2019; Feldt, 1969), we report the Cronbach’s a coefficients.
Biihner (2011), as well as George and Mallery (2020), inter-
preted reliability coefficients (e.g., Cronbach’s ) of < .80 to
be low, of .80-.90 to be moderate, and of > .90 to be high
or excellent. For benchmarks on test-retest reliability, we
followed the recommendations of Gregory (2014) and
Souza et al. (2017), interpreting test-retest reliability > .70
as satisfactory. Furthermore, we calculated the MICs and
the split-half reliability. We used two methods to calculate
the split-half reliability (both Spearman-Brown corrected):
Odd-Even (relevant for difficulty graded tests like the
CFMT+) and First-Second half method (relevant for applied
contexts of eyewitness testimony; see Discussion). A Wil-
coxon signed-rank test was performed to investigate mean
differences for the two measurement points of the CFMT+
and the GFMT-S. All analyses were conducted with IBM
SPSS Statistics (Version 26) for Windows.

Results

The Cambridge Face Memory Test Long
Form (CFMT+)

Kolmogorov-Smirnov (K-S) tests showed no normal
distribution of the CFMT+ scores for the first and second
measurement point (First: K-S(72) = 0.15, p < .001; Second:
K-S(72) = 0.21, p < .001). Therefore, we calculated the
Spearman Rank correlation for the test-retest reliability,
Rho(72) = .89 (p < .001, two-tailed), which can be evaluated
as satisfactory (Gregory, 2014). We calculated Cronbach’s a
and the two split-half reliability coefficients for the first and
second measurement points (Table 1). All coefficients are
above .90, except the First-Second half method split-half
reliability, r, = .87-.88 (Table 1). Therefore, the reliability
can be mainly rated as excellent (George & Mallery,
2020). Furthermore, we calculated the MICs (Table 1).
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Figure 1. Distribution of the test scores in the CFMT+ (A) and in the GFMT-S (B) for the first measurement point (left) and the second

measurement point (right).

The MIC for the first measurement point (MIC = .12) is
below the recommended range of .15-.50 (Clark & Watson,
2016), while the MIC for the second measurement can be
evaluated as sufficient. The MICs suggest that error vari-
ance influenced the measurement of CFMT+ performance
at the first measurement point.

In addition to reliability, we analyzed the mean differ-
ences between the repeated measurements with a Wil-
coxon signed-rank test. The mean score for the first
measurement (M = 84.22, Mdn = 87.00, SD = 11.06, range
= 52-101, skewness = —0.87) was significantly lower than
the CFMT+ performance for the second measurement (M
= 88.71, Mdn = 93.00, SD = 11.30, range = 50-101, skew-
ness = —1.52), Z = —6.28, p < .001, suggesting that contex-
tual effects (e.g., practice or other measurement errors)
influenced CFMT+ performance between both measure-
ment points. According to George and Mallery (2020), a
skewness between —1.00 and 1.00 is excellent. A negative
skewness indicates a greater number of higher test scores

© 2022 The Author(s). Distributed as a Hogrefe OpenMind article under

(i.e., more correct responses) and therefore a homogeneous
response behavior (Figure 1A).

The Glasgow Face Matching Test Short
Form (GFMT-S)

Kolmogorov-Smirnov (K-S) tests showed no normal distri-
bution of the GFMT-S scores for the first and second mea-
surement point (First: K-S(72) = 0.18, p < .001; Second:
K-S(72) = 0.19, p < .001). Therefore, we calculated the
Spearman Rank correlation for the test-retest reliability,
Rho(72) = .68 (p < .001, two-tailed), which can be evaluated
as low (Gregory, 2014). We also computed Cronbach’s a
and the two split-half reliability coefficients (see Table 1)
for the first and second measurement points. All internal
consistency coefficients are below .70, except the Odd-
Even split-half coefficient from the second measure-
ment point with r; = .75 (Table 1). Therefore, the internal
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consistency can be evaluated as low or, at best acceptable
(George & Mallery, 2020). The MICs for both measure-
ment points (Table 1) were below the recommended range
of .15-50 (Clark & Watson, 2016) suggesting that error
variance influenced the measurement of GFMT-S perfor-
mance at both measurement points.

In addition to reliability, we analyzed the mean differ-
ences between the repeated measurements with a Wil-
coxon signed-rank test. The mean score for the first
measurement (M = 37.01, Mdn = 38.00, SD = 2.82, range
= 27-40, skewness = —1.28) was significantly lower than
the mean of the second measurement (M = 37.70, Mdn =
38.00, SD = 2.40, range = 28-40, skewness = —1.43), Z =
—2.12, p = .03. According to George and Mallery (2020),
the skewness of the distribution of the GFMT-S scores can-
not be evaluated as excellent. Many participants reached a
higher test score (Figure 1B).

Discussion

This study investigated the test-retest reliability, the inter-
nal consistency (Cronbach’s a and split-half reliability),
and the MICs of the CFMT+ (Russell et al., 2009) and
the GFMT-S (Burton et al., 2010). Further, we analyzed
the repeated measures’ mean differences in terms of con-
struct validity (Cronbach & Meehl, 1955). Almost all relia-
bility coefficients for the CFMT+ were satisfactory to
excellent, only the MICs were small. In contrast, the relia-
bility coefficients and the MICs for the GFMT-S cannot
be rated as satisfactory. In terms of construct validity, both
tests showed significantly higher test performances at the
second measurement point.

An Integrative Interpretation of the
Reliability With Low MICs

The results showed a satisfactory test-retest reliability for
the CFMT+ with values above .70 (Gregory, 2014; Souza
et al, 2017). The test-retest reliability of the CFMT+
(Rho(72) = .89) is higher than the reported test-retest coef-
ficient for the shorter CFMT (Duchaine & Nakayama,
2006) in Wilmer and colleagues (2010; r(42) = .76 for a
two-months interval). Further, the CFMT+ has proven reli-
able because Cronbach’s o and the split-half reliability coef-
ficients were excellent for both measurement points with
values above .90 (George & Mallery, 2020). Only the
First-Second half method split-half reliability was slightly
below .90. An increasing item difficulty is more balanced
in the Odd-Even method compared to the First-Second half
method because both test halves in the Odd-Even method
incorporate items with a continuously increasing item

Journal of Individual Differences (2022), 43(3), 152-159

difficulty. Therefore, split-half reliability might be slightly
higher for Odd-Even than for the First-Second half method
(see Table 1). First-Second half method reliability coeffi-
cients are also of interest in forensic settings. They provide
information on how reliable line-ups in identification tasks
might be when eyewitnesses identify a suspect in the first
half (i.e., before they have seen all suspects) or in the
second half of a line-up. Moreover, a random selection of
faces in the CFMT+ or GFMT+4S for calculating reliability
might be promising for a lower-bound calculation of relia-
bility. Such a random selection of faces would be worth-
while as line-ups also apply varying stimuli for different
suspects (chapter 6; Bruce & Young, 2012). Concerning
the CFMT+, the high First-Second half method split-half
reliability could be used to make performance predictions
when a test taker finishes the test after the first half of
the items, for example, because of limited time or disrup-
tion. Items of the CFMT+ or the GFMT-S could be pre-
selected based on values of both types of split-half reliability
to exclude measurement errors that are due to sequence
effects of the items, for example, effects of continuously
increasing item difficulty.

We further calculated the MICs as an index of item homo-
geneity (i.e., stimulus or perception of stimuli) because
Cronbach’s a is influenced by the number of items and their
inter-item correlations in a test (Bernardi, 1994; Formula 2).
The CFMT+ has 102 items. Therefore, Cronbach’s a can be
high despite low MICs just because of a large number of
items. The MIC for the first measurement point was below
the optimal reference range of Clark and Watson (2016).
Since moderate to high inter-item correlations can be
expected for good reliability values, the low MICs indicate
that the items of the CFMT+ incorporate measurement
errors. One explanation for low MICs could be the effect
of heterogeneous stimulus material. In each of the four
sections of the CFMT+, the image material is modified to
increase the difficulty of the items (see example images
for the sections in Russell et al., 2009). Furthermore, faces
from three different viewpoints are used as stimuli. Future
research should investigate which errors (e.g, memory,
stimulus material; Lord & Novick, 2008) might affect vari-
ations of Cronbach’s a coefficient and whether different
types of measurement errors might influence the construct
validity of the CFMT+. Unreliability is not necessarily due
to the same types of error. Therefore, future research might
systematize different types of non-random or random errors
(Beauducel & Leue, 2014). For example, homogeneous
response behavior (i.e., low variance of items) might be an
explanation for a high Cronbach’s a coefficient even when
the MICs are possibly low due to heterogeneous stimulus
material. Moreover, McDonald’s w could be compared to
Cronbach’s a in further studies (Hayes & Coutts, 2020).
One difference between Cronbach’s a and w is that an

© 2022 The Author(s). Distributed as a Hogrefe OpenMind article under
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essential tau equivalence is no prerequisite for w, but it is for
Cronbach’s a (Hayes & Coutts, 2020). Therefore, calculat-
ing Cronbach’s a is critically discussed in Hayes and Coutts
(2020).

In contrast to the CFMTH+, the test-retest reliability of the
GFMT-S underscores the recommended .70 (Gregory,
2014; Souza et al., 2017). Furthermore, both Cronbach’s a
and the split-half reliability coefficients of the GFMT-S for
the first and second measurement points were below .90
(George & Mallery, 2020). Thus, the reliability of the
GFMT-S was not satisfying. Moreover, the MICs were small
and below the reference range of .15-.50 (Clark & Watson,
2016). This indicates that a high proportion of variance in
the GFMT-S scores is attributable to measurement errors.
Therefore, test scores of the GFMT-S should be interpreted
with caution. If the GFMT-S with 40 items had 102 items
like the CFMT+, Cronbach’s a would reach .84 (cf. Spear-
man-Brown prophecy formula assuming 2.55 as many items
as currently given in the GFMT-S). Moreover, the low MICs
for the GFMT-S cannot be easily explained because the
stimulus material is more homogeneous than in the
CFMT+. Possibly, the low item difficulties (see Petersen
& Leue, 2021) distort the variance of the items because
some items had a variance of zero. The reported test-retest
reliability of the GFMT-S corresponds to values of other
face matching tests like the KENT face matching test with
test-retest reliability of 7(28) = 0.67 using a seven-day inter-
val (Fysh & Bindemann, 2018). Future research may revise
or develop (new) face matching tests because the GFMT-S
was not sufficiently (test-retest) reliable.

Construct Validity: Mean Differences and
Practice Effects

In this study, participants achieved on average a higher
score in the CFMT+ in the second measurement (M, =
88.71) than in the first measurement (M; = 84.22). It is pos-
sible that a test measures different parts of a construct at
different measurement points. In this line, it could be pre-
sumed that a test does not exclusively measure the
intended construct at the second measurement point but
rather the construct plus an unsystematic or even system-
atic error, for example, memory or practice effects (Lord
& Novick, 2008). Since face memory has been considered
a stable construct (e.g., Wilmer et al., 2010), intra-indivi-
dual score variations in the CFMT+ should not be traced
back to a trait change. Therefore, measurement errors
seem to affect the construct validity of the CFMT+. This
corresponds to Murray and Bate (2020), who reported prac-
tice effects for some sections of the CFMT (Duchaine &
Nakayama, 2006). Future research could vary the interval
between the measurement points or compare test-retest
mean results of the same and different test versions to
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disentangle practice or memory effects on CFMT+ perfor-
mance. For the GFMT-S, the mean difference between
the measurement points was also significant but should
be interpreted with caution (M; = 37.01, M, = 37.70)
because the test was not sufficiently reliable (see above).
Therefore, mean score variations of the GFMT-S may be
attributed to measurement errors or reliability restrictions
(American Educational Research Association, 2014; Lord
& Novick, 2008).

Conclusions

In conclusion, the CFMT+ showed a satisfactory test-retest
reliability and a high to excellent internal consistency
(Cronbach’s « and split-half reliability). However, the low
MIC for the first measurement point indicates that the test
performance might be influenced by errors (e.g., heteroge-
neous stimulus material). The significant mean difference
between the two measurement points suggests the influ-
ence of practice effects for the CFMT+. The GFMT-S
showed a limited internal consistency and not satisfying
MICs. Therefore, the test scores could be influenced by
measurement errors, and the low test-retest reliability of
the GFMT-S should be interpreted with caution. We recom-
mend evaluating the reliability of face memory and face
matching tests by calculating different psychometric coeffi-
cients (i.e., internal consistency, MICs, and test-retest
reliability). This integrative evaluation of psychometric
parameters of face recognition tests allows elucidating the
effects of stimulus material and response behavior on
reliability.
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