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The role of facial distinctiveness 
in the prioritisation of targets in disjunctive 
dual-target face search
Emma Smillie2*  , Natalie Mestry3, Dan Clark1, Neil Harrison1 and Nick Donnelly1 

Abstract 

Two experiments explored the search for pairs of faces in a disjunctive dual-target face search (DDTFS) task for unfa-
miliar face targets. The distinctiveness of the target was manipulated such that both faces were typical or distinctive 
or contained one typical and one distinctive target. Targets were searched for in arrays of eight faces. In Experiment 
1, participants completed a DDTFS block with targets learnt over the block of trials. In Experiment 2, the dual-target 
block was preceded by two training blocks of single-target trials. Participants also completed the upright and inverted 
long-form Cambridge Face Memory Test (CFMT+). The results showed that searching for two typical faces leads to one 
target being prioritised at the expense of the other. The ability to search for non-prioritised typical faces was associ-
ated with scores on the CFMT+. This association disappeared when faces were learnt before completing DDTFS. We 
interpret the findings in terms of the impact of typicality on face learning, individual differences in the ability to learn 
faces, and the involvement of capacity-limited working memory in the search for unfamiliar faces. The findings have 
implications for security-related situations where agents must search for multiple unfamiliar faces having been shown 
their images.
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Public Significance Statement 

Security officers (e.g. police officers) are often required to be on the lookout for specific individuals or suspects. 
The present study shows that there is a profound challenge in finding unfamiliar targets when searching for more 
than one face at the same time. Importantly, the nature of this challenge depends on two factors: first, the relative 
typicality of the faces that are being sought at the same time, and second, the face processing ability of the search-
ers. The findings have implications for the design of the job roles and the recruitment of security officers tasked 
with searching for specific individuals.

Introduction
In some situations, observers might be required to look 
out for a specific person of interest. For the general pub-
lic, the person of interest might be a missing person 
seen on a poster that they might come across inciden-
tally while going about their daily life (Moore & Lamp-
inen, 2019). For security personnel, the person of interest 
might be a shoplifter or a terrorist suspect who is being 
actively sought. Despite being actively sought, a target 

Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Cognitive Research: Principles
and Implications

*Correspondence:
Emma Smillie
e.smillie@bolton.ac.uk
1 Liverpool Hope University, Liverpool L16 9JD, UK
2 University of Bolton, Bolton BL3 5AB, UK
3 Bournemouth University, Bournemouth BH12 5BB, UK

http://orcid.org/0000-0002-7954-6684
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41235-024-00589-z&domain=pdf


Page 2 of 16Smillie et al. Cognitive Research: Principles and Implications            (2024) 9:62 

face may not be especially familiar, beyond being seen 
in an image, set of images or video. It is this situation, 
searching for a previously unfamiliar face, that the cur-
rent study investigates.

The task of actively detecting a specific target in a 
crowded space is a visual search task. Given that atten-
tional guidance to faces is very limited (Mestry et  al., 
2017; Towler et  al., 2016), it is a form of visual search 
where each face in the crowd is a potential target until 
inspected and rejected. Matching an image of an unfa-
miliar face and a real person is difficult (Bruce et  al., 
1999; Burton et al., 2010; Davis & Valentine, 2009; Kemp 
et  al., 1997; Megreya & Burton, 2006). It is a task that 
often leads to identification errors, even for those who 
conduct this task frequently, such as border force officials 
(White et  al., 2014). The visual search for an unfamiliar 
target face is, therefore, likely to result in targets being 
missed. The current studies were motivated by the need 
to increase our understanding of stimulus and individual-
level factors that influence performance on this task.

In some types of surveillance situations, it may be 
necessary to search for two or more faces at the same 
time: for instance, a police officer may need to be on the 
lookout for two or more suspects at an event. However, 
there are relatively few studies exploring the simultane-
ous search for more than one target face (e.g. Bindemann 
et al., 2012; Dunn et al., 2021). In one study that is espe-
cially pertinent to the present case, Mestry et  al. (2017) 
had participants to perform a disjunctive dual-target 
face search (DDTFS) for either of two hitherto unfamil-
iar face targets (henceforth unfamiliar face targets) and 
compared the accuracy and speed of search in this condi-
tion to single-target baselines. Participants searched for 
the same two faces across dual-target and single-target 
conditions such that target faces were repeated over the 
duration of the study. Mestry reported two critical find-
ings. First, DDTFS was more difficult (i.e. slower and less 
accurate) than single-target face search. Second, DDTFS 
was associated with one target being prioritised over the 
other, especially when faces were highly unfamiliar (i.e. at 
the beginning of the study). Mestry et al. proposed that 
the need to prioritise one of the unfamiliar face targets 
in DDTFS resulted from a limitation in working mem-
ory (WM) capacity for faces, with the capacity of WM 
for faces being limited to 1–2 faces (Mestry et al., 2017; 
Towler et al., 2016).

The target faces in DDTFS can differ on several differ-
ent dimensions (e.g. familiarity, ethnicity). Of particular 
interest in the present study is the dimension of typical-
ity, which refers to the degree to which a face deviates 
from an average face. Experimental studies have con-
sistently shown that distinctive faces are learnt faster 
and recalled more accurately than typical faces (Cohen 

& Carr, 1975; Ellis et  al., 1988; Light et  al., 1979; New-
ell et  al., 1999). One consequence of distinctive faces 
being learnt faster than typical faces is that their target 
templates will more quickly be supported by long-term 
memory (Cowan, 1988, 1998; Wolfe, 2012). The specific 
mechanism that produces better memory for distinctive 
items is debated. Some suggest that distinctive stimuli are 
prioritised and subsequently receive enhanced process-
ing at encoding (e.g. Schmidt, 1991). Others argue that 
the more distinctive items are simply easier to differenti-
ate from other less distinctive objects at retrieval (Kelley 
& Nairne, 2001). Irrespective of the specific mechanism, 
without the support of long-term memory, the search for 
unfamiliar typical target faces is likely to rely on WM for 
longer than that of distinctive faces.

The present study investigates the role of face typical-
ity in DDTFS by manipulating the pairing of typical and 
distinctive faces as targets to be searched for in arrays 
of faces. We predicted that the accuracy and speed of 
DDTFS will be influenced by the typicality of the face tar-
gets. Specifically, we predicted increased prioritisation of 
one face target over the other when searching for pairs 
of typical faces compared to cases when at least one tar-
get is distinctive. This is because of the increased reliance 
for typical, relative to distinctive faces, on the capacity-
limited WM and the need to manage the consequences of 
this limitation on target search.

There are known to be individual differences in 
the ability to recognise and identify faces that can be 
measured by the long-form Cambridge Face Memory 
Task (CFMT + Russell et al., 2009). Performance on the 
CFMT + has been shown to be associated with per-
formance on other face-related tasks, including the 
ability to search for a face in the crowd (Davis et  al., 
2018; Thielgen et  al., 2021). Our interest in the pre-
sent study is in whether individual differences in the 
ability to perform DDTFS are related to performance 
on the CFMT+. Specifically, we investigate whether 
there is an association between the accuracy and 
speed of performance in the DDTFS and performance 
on the CFMT+, and whether this potential associa-
tion differs for faces prioritised and not prioritised by 
searchers. We predict that those scoring higher on the 
CFMT + will have the face processing skills to encode 
prioritised and non-prioritised faces faster than 
those scoring lower on the CFMT+. We also predict 
that individuals scoring highly on the CFMT + will be 
able to encode faces quickly such that they can real-
locate resources to the non-prioritised face target. If 
so, then scores on the CFMT + may be more strongly 
associated with the accuracy and speed of search for 
non-prioritised than prioritised faces. In addition, we 
hypothesise that association between performance on 
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the DDTFS and the CFMT + is likely to be strongest 
when search relies most on the capacity-limited WM. 
Specifically, we predict that the association between 
search for non-prioritised faces and the CMFT + will 
be strongest when searching for two typical faces.

An important factor to consider when making pre-
dictions about measures that might be associated with 
the speed and accuracy of the search for prioritised 
and non-prioritised faces is the nature of the facial rep-
resentations used in the search. Evidence shows that 
when searching for unfamiliar faces the non-priori-
tised faces may be searched for using featural informa-
tion present in faces (e.g. heavy eyebrows) as opposed 
to more holistic information representing whole faces 
(cf. Lobmaier & Mast, 2007). We gained an estimate 
of the kind of facial features used by participants to 
search for and identify faces by getting them to com-
plete the CFMT + both upright and inverted. The face 
inversion effect (Yin, 1969) shows upright faces are 
processed differently to inverted faces. If the ability 
to search for non-prioritised faces is more strongly 
associated with scores on the upright CFMT +, then 
this would be consistent with the search for non-pri-
oritised faces being conducted using holistic facial 
information as opposed to simple facial features. In 
contrast, if the ability to search for non-prioritised 
faces is more strongly associated with scores on the 
inverted CFMT +, then this would be consistent with 
the search for non-prioritised faces being conducted 
using facial features.

In summary, the current studies investigated stimu-
lus and individual-level factors involved in DDTFS. 
Participants performed a DDTFS where they searched 
for two unfamiliar faces in an array of faces. First, we 
investigated the role of the relative distinctiveness of 
target faces in the prioritisation of faces. Second, we 
tested whether individual differences in face recogni-
tion ability, as indexed by scores on the CFMT+, were 
associated with the accuracy and speed of search for 
prioritised and non-prioritised faces.

Experiment 1
In Experiment 1, three groups of participants com-
pleted a simultaneous DDTFS for faces followed by the 
upright and inverted versions of the CFMT + (hence-
forth CFMT + U and CFMT + I). The group search-
ing for two distinctive faces were referred to as the 
Distinctive group, the group searching for two typi-
cal faces were referred to as the Typical group, and 
the group searching for a typical and a distinctive face 
were referred to as the Mixed group.

Method
Participants
The required sample size was determined via an a priori 
power analysis, calculated using the main effect of dis-
tinctiveness. This was taken from previous work explor-
ing the effect of distinctiveness on the discrimination of 
unfamiliar faces (Smillie et  al., 2022) η2g = 0.11. General-
ised eta was converted into partial eta ( η2p = 0.4) for G* 
Power input and resulted in a large effect size. As the pre-
vious work used an easier task, we opted for a conserva-
tive approach and recalculated η2p = 0.04 ( η2p. = 0.4 divided 
by 10) to have sufficient power to detect and a small-to-
medium effect size of F = 0.2. All calculations were per-
formed using G* Power (Faul et al., 2007—version 3.1.9.4) 
software with an alpha level of 0.05 and a power of 0.95, 
and this resulted in a minimum sample size of 96 to have 
sufficient power to detect the main effect of distinctive-
ness. The study aimed to recruit 108 participants to allow 
for possible withdrawals or incomplete data sets due to 
the experiment being conducted online.

In the current study, the primary effect of interest is for 
the between-participant factor of distinctiveness; how-
ever, for completeness, we also calculated the sample 
size required for the effect of the within-participant fac-
tor of Trial and its interaction by distinctiveness. For the 
main effect of Trial, we estimated the sample size using 
the effect size of the main effect of target absent vs target 
present reported in Mestry et al. (2017), η2g = 0.074. This 
was converted to Cohen’s F = 0.7 and required a sam-
ple size of 12 to achieve power of 0.95 with an alpha of 
0.05. For the effect of distinctiveness by Trial interaction, 
we were not able to find a comparable effect size to use 
to calculate the required sample size. As such, we esti-
mated that with a small-to-medium effect size F = 0.15 
and alpha of 0.05, we would require 111 participants to 
achieve power of 0.80 to detect the interaction and 177 
participants to achieve power of 0.95. A sample size cal-
culation was also completed for the correlation analysis 
to detect a small effect (0.3), with an alpha of 0.05, and we 
would require 84 participants to achieve power of 0.8 or 
138 participants to achieve power of 0.95.

A total of 108 participants were recruited and ran-
domly allocated into one of three groups (n = 36 per 
group). Participants ranged in age between 18 and 
51 years (M = 21.86, SD = 6.19), and 22 participants were 
male, one participant self-reported as gender fluid and a 
second preferred not to say, the remaining participants 
identified as female. Participants were recruited via the 
Liverpool Hope and Bournemouth University participa-
tion schemes. Students received course credits for their 
participation. All participants reported normal colour 
vision and normal or corrected to normal visual acuity. 
Full ethical approval was granted from Liverpool Hope 



Page 4 of 16Smillie et al. Cognitive Research: Principles and Implications            (2024) 9:62 

University and Bournemouth University. All participants 
consented to their data being published as part of the 
research project.

Apparatus and materials
All participants completed upright (CFMT + U) and 
inverted (CFMT + I) versions of the Cambridge Face 
Memory Test long form (Russell et  al., 2009) and the 
DDTFS task. The CFMT + (upright and inverted ver-
sions) were administered using Qualtrics  XM Platform 
(2020 - www. qualt rics. com).

DDTFS task
For the DDTFS task, participants searched for two target 
faces in an array of faces. They had to respond whether 
one target was present, or both targets were absent. To 
create the task, 132 white male faces were selected from 
the Glasgow Unfamiliar Face Database (GUFD, Burton 
et al., 2010). As there is some evidence that female par-
ticipants would have an advantage over male participants 
when identifying female but not male faces (Lewin & 
Herlitz, 2002; Megreya et al., 2011), the selection of faces 
for the stimulus set was limited to white males. There 
were no constraints on age, hair colour or style, and facial 
adornments such as piercing or stubble to allow for realis-
tic variations in distinctiveness. Faces were cropped in an 
oval annulus to remove most facial hair. Cropping faces 
ensured that the face outline and external features, com-
monly relied on in the identification of unfamiliar faces 
(Ellis et al., 1979), were not used as cues. As we wanted 
participants to familiarise themselves with the target 
faces, we chose to do this as internal features are utilised 
more for familiar face recognition, where performance is 
superior (Ellis et al., 1979). A reason for this is that inter-
nal features are more reliable for identifying individuals 
as they remain similar across instances, whereas external 
features are more variable (Burton et al., 2005). All faces 
were presented in full colour against a white background 

and text instructions appeared in black. Target faces 
appeared in the array in 50% of trials with each target 
appearing in half of the target-present trials.

The faces were rated for distinctiveness in a pre-study 
by an independent set of participants (N = 24, aged 
between 18 and 37  years [M = 20.58, SD = 4.65]) using 
a 7-point Likert scale. All participants in the pre-study 
were White, and 6 were male. The six most distinctive 
(ranging from 5.13 to 5.95, M = 5.54, SD = 0.30) and six 
most typical faces (ranging from 2.25 to 2.33, M = 2.3, 
SD = 0.04, Fig.  1) were selected as targets (t(11) = 7.05, 
p < 0.001, d = 2.04).

The remaining 120 faces were used as distractors in the 
probe arrays with distinctiveness ratings falling between 
the extremes (ranging from 2.340 to 5.13, M = 3.63, 
SD = 0.62). The distractors appearing in the search array 
were randomly selected on a trial-by-trial basis. They 
were selected irrespective of distinctiveness.

The faces used as targets were held constant for each 
participant but varied systematically across participants 
with both faces drawn from the pool of distinctive or 
typical faces or with one face drawn from each pool. No 
participant searched for the same pair of faces as another. 
Participants searched for either two distinctive targets, 
two typical targets, or a typical and a distinctive target. 
Different images of each target were used in the target 
preview and test phases. The faces shown as target pre-
views were taken from set C1 of the Glasgow face data-
base and presented adjacent to each other in the target 
preview. The side on which target faces appeared in the 
preview was counterbalanced across trials for each par-
ticipant. Faces used in the search array (both targets and 
distractors) were taken from set C2 of the Glasgow face 
database. Using different images for target preview and 
search arrays ensured that participants could not rely on 
simple image matching to find a target.

Participants completed 10 practice trials followed by 
240 experimental trials of simultaneous DDTFS. Half of 

Fig. 1 The distinctive and typical faces used as targets in experiment 1 and experiment 2. Note An image showing faces rated as most distinctive 
(panel A) and most typical (panel B). Images sourced from set C1 of the Glasgow Unfamiliar Face Database

http://www.qualtrics.com
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the experimental trials were target-present (60 trials for 
each target), and half were target absent. Search arrays 
contained eight faces. In target-present trials, there was 
one target face and seven distractors. On target-absent 
trials, there were eight distractor faces. Images for 
the practice trials were sourced from an online image 
search of Finnish celebrities that would be unfamiliar to 
participants.

The DDTFS task was built in PsychoPy (Pierce, 2007 
Version 2020.2.8) with additional code written in Python 
language and hosted on Pavlovia (www. pavlo via. org). 
Target-present and target-absent responses were made 
using the ‘y’ and ‘n’ keys, respectively. Accuracy and 
response time (RT) were recorded for the search task. 
Each participant completed the study on their laptop 
or desktop computer. All images were displayed relative 
to the screen size to ensure that all targets and distrac-
tors always appeared at the same size. This was con-
trolled using Python coding built into the experimental 
software. Probe images were equidistantly spaced in the 
search arrays. Probes were displayed at the same size as 
target preview faces.

Design and procedure
A 3 (Group: Typical versus Distinctive versus Mixed) × 2 
(Trial: Present versus Absent) mixed factorial design, 
repeated over the Trial factor, was used to examine per-
formance in the DDTFS task.

Participants were sent (via email) information sheets 
and consent forms, which were signed electronically and 
returned to the experimenter before beginning the study. 
Participants then met the experimenter in the pre-exper-
iment meeting held over Zoom Video Communications, 
Inc (2020 - zoom.us version 2.0.0). The meeting allowed 
the dissemination of best practice guidelines for complet-
ing the online tasks. Demographic information and ver-
bal consent were collected.

All three tasks (CFMT + U, CFMT + I, and DDTFS) 
were completed in a single experimental session with 
short breaks allowed between each task. All participants 
completed the DDTFS task, followed by the CFMT + U 
and finally the CFMT + I.

DDTFS task
Participants were asked to search and respond if one 
of their target faces were present or both were absent. 
Group was a between-subjects factor, so participants 
searched for either two distinctive targets, two typical 
targets, or a typical and distinctive target. Trials started 
with a 1000  ms fixation cross followed by two simul-
taneously presented target preview images shown for 
1000 ms. A 1000 ms blank screen followed the showing of 
the preview images before a search array containing eight 

equidistantly arranged faces positioned on a virtual cir-
cle (Fig. 2). Participants were instructed to respond both 
quickly and accurately, and the search arrays remained 
on the screen until a response was made. Incorrect 
responses were followed by a feedback noise to alert the 
participant to the error. The trial order was randomised 
across participants.

After completing all the search trials participants were 
asked to also make complete three similarity judgements. 
Participants were shown both of their target faces sepa-
rately on screen and asked to rate how similar each was 
to the average face. They were then shown their two tar-
get faces on screen simultaneously and rated how similar 
they were to each other. All similarity judgements were 
on a 7-point Likert scale (1 [not similar] to 7 [very simi-
lar]). Responses for the ratings were made using a mouse 
to move a pointer to the desired value on the on-screen 
slider. Participants confirmed their ratings before finish-
ing the search block of trials.1

CFMT + tasks
The CFMT + U and CFMT + I followed the standard pro-
cedure of Duchaine and Nakayama (2006) and expanded 
to the long-form variation (Russell et al., 2009).

Participants received debrief information after the 
completion of the study.

Fig. 2 Image showing standard trial procedure for the dual-target 
search task

1 These data are not the focus of the present study. However, analysis of the 
rating taken across Experiments 1 and 2 confirms the participants reported 
the three conditions as being different. Formal analysis shows a signifi-
cant effect of the Group (F(2,200) = 8.69, p < .001, $${\eta }_{G}^{2}$$ = 
.08). Faces used as targets for the Typical group were rated as more similar 
(M = 2.43, SE = 0.16) than those used in the Distinctive (M = 1.91, SE = 0.13, 
p = .018) or Mixed groups (M = 1.67, SE = 0.09, p < .001). There was no sig-
nificant difference in the similarity of target faces used in the Distinctive and 
Mixed groups (p = .56).

http://www.pavlovia.org
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Results
Data from four participants were removed from the anal-
ysis as accuracy in the CFMT + U task fell 2SD below the 
mean (scores equal to or less than 47; see Bowles et al., 
2009). Two further participants were removed due to 
poor overall accuracy (2SD below the group mean for 
search accuracy in dual-target search trials) in the search 
task, resulting in a total of 102 participants’ data being 
included in the analysis. Trials with RTs < 500  ms or 
above 3SD from the group mean were removed (1.36% 
of data). Results for RT data are reported for correct tri-
als, leaving 22,592 (92.28%) trials included in the analy-
sis. Generalised eta-squared is reported as a measure of 
effect size (Bakeman, 2005) for ANOVAs. Bonferroni-
corrected between-participant t tests were performed to 
explore the effect of distinctiveness, while Bonferroni-
corrected within-participant t tests explored the effect of 
Trial type.

Disjunctive dual‑target face search
Accuracy (proportion correct) and RT data were ana-
lysed in a 3 (Group: Distinctive versus Typical versus 
Mixed) × 2 (Trial type: Present versus Absent) mixed 
factorial ANOVAs, repeated over the Trial type factor. 
In addition, we also computed signal detection measures 
(sensitivity (d’) and bias (c)) and conducted further analy-
ses on these data. For the bias data, a positive value repre-
sents a conservative bias (tendency to respond ‘absent’), 
while a negative value represents a liberal bias (tendency 
to respond ‘present’).

Accuracy
To explore whether performance for any Group perfor-
mance was at ceiling separate, one-tailed one-sample t 
tests were conducted for overall task performance. In all 
conditions, performance accuracy significantly differed 

from ceiling (Distinctive t(35) = 7.57, p < 0.001, d = 1.26; 
Mixed t(31) = 8.1, p < 0.001, d = 1.43; Typical t(33) = 8.57, 
p < 0.001, d = 1.47).

The main effects of Group (F(2, 99) = 8.24, p < 0.001, 
η
2

G = 0.112) and Trial type (F(1, 99) = 168.22, p < 0.001, 
η
2

G = 0.294) were significant. Participants were more 
accurate in the Distinctive and Mixed groups than in the 
Typical group (M = 0.95, SE < 0.01, M = 0.94, SE < 0.01 
versus M = 0.91, SE = 0.01, p < 0.001 and p = 0.011, respec-
tively). The difference in performance accuracy between 
the Distinctive and Mixed groups did not reach signifi-
cance (p = 0.945). Accuracy was higher on target-absent 
(M = 0.97, SE < 0.01 versus M = 0.90, SE < 0.01, p < 0.001) 
than on target-present trials. The interaction between 
Group and Trial did not reach significance (F(2,99) = 2.09, 
p = 0.130, η2G = 0.01, Fig. 3).

Response time
The main effects of Group (F(2,99) = 3.53, p = 0.033, 
η
2

G = 0.06) and Trial type (F(1,99) = 1328.71, p < 0.001, 
η
2

G = 0.43) were significant. Responses were faster in the 
Distinctive than Mixed (M = 2205.60, SE = 85.31 versus 
M = 2564.98, SE = 95.35, respectively, p = 0.019) groups. 
The difference in RTs between the Distinctive and Typical 
(M = 2466.81, SE = 102.14, p = 0.337) groups and Mixed 
and Typical groups (p = 0.733) did not reach significance. 
Responses were faster on target-present than target-
absent trials (M = 1961.73, SE = 53.15 versus M = 2849.10, 
SE = 74.31, respectively, p < 0.001). The interaction 
between Group and Trial did not reach significance 
(F(2,99) = 2.88, p = 0.061, η2G = 0.003, Fig. 3).

These initial analyses demonstrate two key findings, 
first that search performance is more accurate when at 
least one of the faces in the pairing is distinctive, such 
that search for two typical faces is relatively difficult. Sec-
ond, relative to the distinctive group, there is a cost to 

Fig. 3 Mean proportion correct (panel A) and response times (panel B) for different groups on target-present and target-absent trials in Experiment 
1. Note Error bars show standard error
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maintaining accurate DDTFS in the Mixed group that is 
reflected in response times.

Signal detection analysis
Following the protocol set out by Macmillan & Creel-
man (2005), the accuracy data were used to compute 
signal detection measures of sensitivity (d’) and bias (c). 
Sensitivity and bias were analysed separately in one-
way between subject ANOVAs comparing the effect of 
Group.

Sensitivity (d’)
The main effect of Group (F(2,99) = 9.47, p < 0.001, 
η
2

G = 0.161) was significant (Fig.  4). The difference in 
sensitivity for Distinctive (M = 3.67, SE = 0.11) and Typi-
cal (M = 2.95, SE = 0.14, p < 0.001) and Mixed (M = 3.45, 
SE = 0.12) and Typical (p = 0.014) was significant. Partici-
pants were less likely to detect Typical faces than Mixed 
or Distinctive. The difference between the Distinctive and 
Mixed groups did not reach significance (p = 0.648).

Bias (c)
There main effect of Bias did not reach significance 
(F(2,99) = 0.379, p = 0.686, η2G = 0.008).

Target prioritisation in DDTFS
The target with the higher accuracy was deemed, post 
hoc, to be prioritised (and the target with lower accu-
racy as non-prioritised).2 Prioritisation analysis was 
conducted on target-present trials only (as prioritisa-
tion cannot be assigned on target-absent trials). In a 3 
(Group: Distinctive versus Typical versus Mixed) × 2 

(Prioritisation: Prioritised versus Non-prioritised) mixed 
factorial ANOVA, repeated over the Prioritisation fac-
tor. As the main effect of Prioritisation is inevitable, and 
the main effect of Group has been reported above, the 
sole focus of interest here is on the interaction between 
Group and Prioritisation.3

Accuracy
The interaction between Group and Prioritisation 
(F(2,99) = 5.62, p = 0.005, η2G = 0.03, Fig.  5) was signifi-
cant. Separate one-way between-participants ANOVAs 
were conducted for Group at each level of Prioritisation 
to break down the interaction. The effect of Group was 
significant for the Non-prioritised targets (F(2,99) = 7.57, 
p < 0.001, η2G = 0.13) but not for the Prioritised targets 
(F(2, 99) = 1.75, p = 0.179, η2G = 0.03). Non-prioritised tar-
gets in the Distinctive and Mixed groups were searched 
for more accurately than in Typical group (p < 0.001, 
p = 0.017, respectively). The difference in accuracy for 
Non-prioritised targets in the Distinctive and Mixed 
groups was not significant (p = 1).

Response time
The interaction between Group and Prioritisation did not 
reach significance (F(2,99) = 1.68, p = 0.192, η2G = 0.003, 
Fig. 5).

Overall, the prioritisation analysis shows that Non-pri-
oritised faces in the Typical group were searched for less 
accurately than in the Distinctive and Mixed groups.

Fig. 4 Mean sensitivity (panel A) and bias (panel B) for different groups in Experiment 1. Note Error bars show standard error

2 Prioritisation was determined by performance across all trials, however 
breaking the data down into 4 epochs shows that prioritisation remained 
constant across the duration of the study.

3 As might be expected, 23/32 participants in the Mixed group prioritised 
the distinctive over the typical face target. (The normal approximation to 
the binomial distribution shows the probability of prioritising the distinctive 
face over the typical face was p = .01. )The comparison was not conducted 
for the Distinctive or Typical group as the difference in ratings for faces 
within each of these groups was marginal.
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The association between CFMT + and DDTFS
Correlations were computed using Pearson’s r for 
arcsine-transformed accuracy and log-transformed 
RTs from ‘correct’ responses and with both versions 
of the CFMT+. All tests of significance for correla-
tions were two-tailed. Bonferroni correction for mul-
tiple was applied, the significant alpha level was set at 
0.017 (0.05/3 -the number of experimental groups), 
and 95% confidence intervals were reported. Scores on 
the CFMT + U and CFMT + I ranged from 51 to 96 out 
of 102 (M = 76.77, SD = 11.28) and 33 to 84 out of 102 
(M = 57.54, SD = 10.92), respectively.

Prioritised target
No correlations between CFMT + and search accu-
racy reached significance (Table  1). The correlations 
between CFMT + U and CFMT + I and RTs were signif-
icant for the Typical group (accounting for 26.01% and 

19.36% of the variance) but did not reach significance 
for any other groups.

Non‑prioritised target
The correlations between CFMT + U and CFMT + I 
and accuracy were significant for the Typical group 
(accounting for 18.49% and 26.01% of the variance, 
respectively) but did not reach significance for any 
other group. The correlations between CFMT + U and 
CFMT + I and RTs were significant in the Typical group 
(accounting for 33.64% and 20.25% of the variance, 
respectively).

Overall, the speed of RTs to Prioritised and Non-pri-
oritised faces and the accuracy of the search for Non-
prioritised faces was associated with scores on both 
the CFMT + U and CFMT + I but only for the Typical 
group.

Fig. 5 Mean proportion correct (panel A) and response times (panel B) for prioritised and non-prioritised targets for different groups in Experiment 
1. Note Error bars show standard error

Table 1 Correlations with confidence intervals for all groups and the CFMT + in Experiment 1

Values in the square brackets indicate the 95% confidence intervals for each correlation

*Indicates p < 0.017

Prioritised Non‑Prioritised

Distinctive Typical Mixed Distinctive Typical Mixed

Accuracy

CFMT + U 0.10 − 0.066 − 0.035 0.238 0.427* 0.346

[− 0.23, 0.42] [− 0.40, 0.28] [− 0.38, 0.32] [− 0.10, 0.53] [0.10, 0.53] [− 0.003, 0.62]

CFMT + I 0.123 0.102 0.155 0.198 0.512 * 0.389

[− 0.21, 0.43] [− 0.25, 0.43] [− 0.21, 0.48] [− 0.14, 0.49] [0.21, 0.73] [0.05, 0.65]

RT

CFMT + U − 0.105 − 0.514* 0.268 − 0.218 − 0.580* 0.089

[− 0.42, 0.23] [− 0.73, − 0.21] [− 0.09, 0.56] [− 0.51, 0.12] [− 0.77, 0.30] [− 0.27, 0.42]

CFMT + I − 0.017 − 0.443* 0.125 0.028 − 0.448 * 0.012

[− 0.34, 0.31] [− 0.68, − 0.12] [− 0.23, 0.45] [− 0.30, 0.35] [− 0.68, − 0.13] [− 0.34, 0.40]
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Discussion
Experiment 1 explored the role of target distinctiveness in 
determining the accuracy and speed of search for targets 
in the DDTFS task. The results found no effect of group 
on the accuracy of the search for Prioritised targets but a 
marked one on Non-prioritised targets. Non-prioritised 
faces in the Distinctive and Mixed groups were searched 
for more accurately than in the Typical condition. It is the 
search for more than one typical face that leads to errors 
in DDTFS for unfamiliar faces. The signal detection d’ 
analysis confirmed that the difference in accuracy across 
conditions results from the task conditions leading to a 
change in sensitivity rather than criterion. The ability to 
conduct DDTFS with typical faces was equally associated 
with performance on the CFMT + when the tasks were 
performed upright and inverted. We reasoned in the 
Introduction that such a finding would be consistent with 
face search on the basis of featural information present 
in faces as opposed to holistic information. We return to 
consider this issue in the General Discussion.

We interpret the results as consistent with distinctive 
targets being encoded into long-term memory more 
quickly than typical faces, thus allowing them to draw on 
long-term memory (Wolfe, 2021). In contrast, when both 
targets are typical, they draw on WM for longer, requir-
ing one face to be prioritised to help manage resources. 
The task of encoding pairs of typical faces leads to 
increased reliance on WM and marked associations with 
performance on the CFMT+, especially with respect to 
non-prioritised faces.

The results have implications for the findings of Mestry 
et  al. (2017). Mestry et  al. reported a general difficulty 
when searching for two faces relative to searching for 
one. With respect to accuracy, the present data show 
this holds when both faces are typical but not otherwise. 
With respect to RTs, responses in the Distinctive group 
were faster than in the Mixed or Typical groups. The con-
clusion we reach is that DDTFS is difficult when both 
faces are typical and relatively easy when both faces are 
distinctive. When search is for one face that is distinctive 
and is the other typical, participants are accurate but take 
a long time to reject a trial as not containing a target. The 
present findings are consistent with those of Mestry et al. 
but show a limit to which their results generalise.

Experiment 1 allowed participants to encode target 
faces over search trials. This aspect of the design means 
that we cannot distinguish between the effects of dis-
tinctiveness per se and effects of distinctiveness that are 
mediated by face encoding. In Experiment 2, we repeat 
Experiment 1 but precede the DDTFS with two single-
target search blocks. The question is whether distinc-
tiveness continues to exert an influence on the speed of 
DDTFS even when faces are well-encoded.

Experiment 2
Method
All details were the same as in Experiment 1 except for 
those specifications outlined below.

Participants
The effect size reported in Experiment 1 ( η2G = 0.112) 
was used to estimate the sample size. This was con-
verted to a Cohen’s F = 0.36 which for an alpha = 0.05 and 
power = 0.95 gave a required sample size of 24 to observe 
the effect. For completeness, we estimated the main effect 
of trial type using the effect size reported in Experiment 
1 ( η2G = 0.294) converted to Cohen’s F = 0.64, requiring a 
sample size of 9 to observe the effect. As the interaction 
in Experiment 1 was not significant, we again estimated 
the sample size using a small-medium effect (F = 0.15) 
which required 120 participants to achieve 0.95 power 
and 78 to achieve a power = 0.8 to observe the interac-
tion. For the effect of single-target vs dual-target search, 
we again estimated the sample size from the effect size 
reported by Mestry et  al. (2017). Mestry et  al. reported 
an effect size of η2G = 0.121 for the number of targets. This 
was again converted into Cohen’s F = 0.9 requiring a sam-
ple size of 6 to observe the effect.

A total of 108 new participants were recruited and 
pseudo-randomly allocated into one of three groups 
(n = 36 per group). Participants ranged in age between 18 
and 59 years (M = 21.17, SD = 4.83), 20 participants were 
male, one participant self-reported as gender fluid, and a 
second preferred not to say. The remaining participants 
identified as female. Participants were recruited via the 
Liverpool Hope and Bournemouth University participa-
tion schemes. Students received course credits for their 
participation. All participants reported normal colour 
vision and normal or corrected to normal visual acuity. 
Full ethical approval was granted from Liverpool Hope 
University.

Design and procedure
Participants completed a block of ten practice trials, and 
three blocks of experimental trials: two blocks (one for 
each target) of 120 trials of single-target face search fol-
lowed by a block of 240 trials of dual-target face search. 
Group (Distinctive versus Typical versus Mixed) was 
a between-participant factor and the Number of tar-
gets (Single versus Dual) and Trial type (Present versus 
Absent) were within-subject factors. Participants com-
pleted all three blocks of trials in one of the three groups. 
The order of targets in the single-target search was coun-
terbalanced. All other details remained as in Experiment 
1.
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Results
Data and results were treated as in Experiment 1. As in 
Experiment 1, Bonferroni-corrected between-participant 
t tests were performed for pairwise comparisons explor-
ing the effect of distinctiveness, while Bonferroni-cor-
rected within-participant t tests were used to examine 
the effects of Trial type and Number of targets. Two par-
ticipants were removed from the analysis as accuracy in 
the CFMT + U task fell 2SD below the mean and four due 
to low accuracy (< 2SD below the group mean for search 
accuracy in dual-target search trials) in the search task. 
As a result of these exclusions, 102 participant’s sets of 
data were included in the analysis. 1.16% of single-target 
search trials and 1.45% of DDTFS trials were removed 
from the data for RTs being < 500  ms or > 3SD from the 
group mean. In addition, results are reported for cor-
rect trials only therefore 5.48% of single-target trials and 
5.96% of dual-target trials were removed due to partici-
pants making incorrect responses. For single-target trials 
a total of 22,871 trials and for dual-target a total of 22,688 
trials were analysed.

Disjunctive dual‑target face search
Accuracy
To explore whether the performance for any Group was 
at ceiling separate, one-tailed one-sample t tests were 
conducted for overall task performance. In all condi-
tions, the performance accuracy significantly differed 
from ceiling (Distinctive t(33) = 5.20, p < 0.001, d = 0.89; 
Mixed t(33) = 4.81, p < 0.001, d = 0.82; Typical t(33) = 6.94, 
p < 0.001, d = 1.19).

The main effect of Trial type (F(1,99) = 106.13, 
p < 0.001, η2G = 0.21) was significant. The search was more 
accurate in target-absent trials than in target-present tri-
als (M = 0.98, SE < 0.01 versus M = 0.90, SE < 0.01, respec-
tively, p < 0.001). The main effects of Group (Distinctive 

M = 0.94, SE < 0.01; Mixed M = 0.93, SE < 0.01; Typi-
cal M = 0.95, SE < 0.01) and Number of targets (Sin-
gle M = 0.94, SE < 0.01; Dual M = 0.94, SE < 0.01) did 
not reach significance (F < 1, F(1,99) = 1.14, p = 0.288, 
η
2

G = 0.002, respectively).
None of the two-way interactions between Group 

and Number of targets (F(2,99) = 3.01, p = 0.054, 
η
2

G = 0.01), Group and Trial type (F(2,99) = 1.24, 
p = 0.293, η2G = 0.006), Number of targets and Trial type 
(F(1,99) = 3.86, p = 0.052, η2G = 0.003) nor the three-way 
interaction between Group, Number of targets and Trial 
type (F(2,99) = 0.91, p = 0.406, η2G = 0.001) reached signifi-
cance (Fig. 6).

Response time
The main effects of the Number of targets (F(1,99) = 24.91, 
p < 0.001, η2G = 0.03) and Trial type (F(1,99) = 1334.75, 
p < 0.001, η2G = 0.44) were significant. RTs were shorter for 
single-target search than for DDTFS trials (M = 1933.74, 
SE = 43.73 versus M = 2062.77, SE = 44.96, respectively, 
p < 0.001) and on target-present trials than target-absent 
trials (M = 1619.50, SE = 28.57 versus M = 2377.01, 
SE = 41.77, respectively, p < 0.001). The main effect of 
Group (Distinctive M = 1925.25, SE = 52.74; Mixed 
M = 2144.22, SE = 56.91; Typical M = 1925.30, SE = 52.04) 
did not reach significance (F(2,99) = 2.25, p = 0.111, 
η
2

G = 0.04).
The two-way interactions between Group and Num-

ber of targets (F(2,99) = 2.35, p = 0.101, η2G = 0.01), Group 
and Trial type (F < 1) and between Number of targets 
and Trial type (F(1,99) = 2.51, p = 0.116, η2G = 0.001) and 
the three-way interaction between Group, Trial type and 
Number of targets were all non-significant (F < 1, Fig. 7).

Overall, the analysis of accuracy and RT data showed 
no effect of Group. As expected, absent trials were 
responded to more accurately and slower than present 

Fig. 6 Mean proportion correct for different groups on target-present and target-absent trials in single (panel A)- and dual-target (panel B) search 
Experiment 2. Note Error bars show standard error
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trials and the DDTFS task was responded to more slowly 
than the single-target search.

Signal detection analysis
Sensitivity (d’)
The main effect of Group (F(2,99) = 2.064, p = 0.132, 
η
2

G = 0.04) failed to reach significance.

Bias (c)
The main effect of Group failed to reach significance 
(F(2,99) = 1.13, p = 0.327, η2G = 0.022).

Target prioritisation in DDTFS
Group did not influence overall accuracy or RT in Exper-
iment 2; nevertheless, the target-present trials from the 
dual-target condition were split into prioritised and non-
prioritised targets and analysed as in Experiment 1.4

Accuracy
The interaction between Group and Prioritisation did not 
reach significance (F(2,99) = 2.02, p = 0.138, η2G = 0.007, 
Fig. 8).

Response time
The interaction between Group and Prioritisation did 
not reach significance (F(2,99) = 2.27, p = 0.11, η2G = 0.01, 
Fig. 8).

In sum, and in contrast to Experiment 1, there was no 
evidence of an interaction between Group and Prioritisa-
tion in either analysis of accuracy or response times.

Fig. 7 Mean response times for different groups on target-present and target-absent trials in single (panel A) and dual-target (panel B) search 
Experiment 2. Note Error bars show standards error

Fig. 8 Mean proportion correct (panel A) and response times (panel B) for prioritised and non-prioritised targets in different groups in Experiment 
2. Note Error bars show standards error

4 As might be expected, in the Mixed group. 23/34 participants priori-
tised the distinctive over the typical face target. (The normal approxima-
tion to the binomial distribution shows the probability of prioritising the 

distinctive face over the typical face was (p = 0.02).) An independent t test 
comparing proportion accuracy for Non-prioritised distinctive (M = 0.91, 
SE = 0.02) and typical (M = 0.87, SE = 0.03) faces did not reach significance 
(t(33) = 1.37, p = 0.18, d = 0.24).

Footnote 4 (continued)
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The association between CFMT + and the DDTFS
The scores on the CFMT + U and CFMT + I ranged from 
48 to 97 out of 102 (M = 73.61, SD = 12.27) and 32 to 86 
out of 102 (M = 56.07, SD = 10.25), respectively.

Prioritised targets
There are no correlations between the CFMT + U or 
CFMT + I, and search accuracy reached significance. 
Only the correlation between scores on the CFMT + I and 
RT for the Mixed group was significant and explained 
18.49% of the variance (Table 2).

Non‑prioritised targets
No correlations between the CFMT + U score and search 
accuracy reached significance. Search accuracy did cor-
relate with the CFMT + I score when searching in the 
Mixed group (accounting for 19.36% of the variance). 
No correlations between the CFMT + I and Distinctive 
or Typical groups reached significance. No correlations 

between CFMT + U and CFMT + I scores and RT 
reached significance.

In sum, there are only associations between the speed 
of search for prioritised faces, and the accuracy of search 
for non-prioritised faces in the Mixed group and perfor-
mance in the inverted CFMT + task reached significance.

Comparison of Experiments 1 and 2.
Finally, the accuracy and response times from the dual-
target search trials of Experiments 1 and 2 were com-
pared directly using a 3 (Group: Distinctive versus 
Mixed versus Typical) × 2 (Trial type: Present versus 
Absence) × 2 (Experiment: Experiment 1 versus Experi-
ment 2) mixed factorial ANOVAs. The critical finding 
from the accuracy analysis was an interaction between 
Experiment and Group (F(2,198) = 3.69, p = 0.027, 
η
2

G = 0.03; see Fig.  9). The effect of Experiment was sig-
nificant for the Typical (p = 0.025) group but not for the 
Mixed (p = 0.879) or Distinctive (p = 0.147) groups. With 

Table 2 Correlations with confidence intervals for all pairing types and the CFMT + in Experiment 2

Values in the square brackets indicate the 95% confidence intervals for each correlation

*Indicates p < 0.017

Prioritised Non‑Prioritised

Distinctive Typical Mixed Distinctive Typical Mixed

Accuracy

CFMT + U − 0.036 0.248 0.247 0.058 0.351 0.404

[− 0.37, 0.31] [− 0.10, 0.54] [− 0.10, 0.54] [− 0.29, 0.39] [0.02, 0.62] [0.08, 0.65]

CFMT + I − 0.059 0.079 0.343 − 0.001 0.198 0.496*

[− 0.39, 0.29] [− 0.27, 0.41] [0.01, 0.61] [− 0.34, 0.34] [− 0.15, 0.50] [0.12, 0.68]

RT

CFMT + U 0.095 0.230 − 0.293 − 0.147 − 0.002 − 0.247

[− 0.25, 0.42] [− 0.12, 0.53] [− 0.57, 0.05] [− 0.44, 0.21] [− 0.34, 0.34] [− 0.54, 0.10]

CFMT + I − 0.152 .0.019 − 0.432* − 0.350 − 0.209 0.050

[− 0.47, 0.20] [− 0.32, − 0.36] [− 0.67, 0.11] [− 0.61, − 0.01] [− 0.51, 0.14] [− 0.30, 0.39]

Fig. 9 Mean proportion correct for different groups in target-present and target-absent dual-target search trials in Experiment 1 (panel A) 
and Experiment 2 (panel B). Note Error bars show standard error
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respect to response times, these were faster in Experi-
ment 2 than 1 (F(1,198) = 18.434, p < 0.001, η2G = 0.08, 
Fig. 10). No other interactions involving Experiment were 
significant in either analysis (p > 0.05).

Discussion
Experiment 2 explored the role of the relative distinctive-
ness of faces in DDTFS when participants are first given 
the opportunity to encode faces by virtue of complet-
ing separate single-target searches for each target. The 
results of Experiment 2 show two key findings. First, the 
effect of Group was negligible such that the influence of 
target typicality on performance was very limited. Spe-
cifically, Group has no influence on search accuracy and 
only a very limited influence on response times. (RTs 
were [at least numerically] slower in the Mixed group 
compared to the other groups and associated with scores 
on the CFMT + I.) Second, while the DDTFS was per-
formed more slowly than the preceding single-target 
search blocks, it was not performed less accurately.

The cross-experiment analysis confirms the effect of 
allowing participants to complete two blocks of single-
target search with the target faces before completing 
the DDTFS task was to remove the group differences 
reporting in Experiment 1. These results suggest that the 
findings of Experiment 1 reflect the effects of distinctive-
ness on encoding of unfamiliar faces on dual-target face 
search. The findings from Experiment 2 adds to those of 
Experiment 1 in that, even when apparently well-encoded 
in single-target search, there may still be a slowing in the 
search for the non-prioritised target if the pair of tar-
gets differs in distinctiveness (as they do for the Mixed 
group). The magnitude of the difficulty is associated with 
scores on the CFMT + I. We will return to discuss these 
findings in the General Discussion.

While not designed to test the difficulty of the dual-
target face relative to single-target search, the results of 
Experiment 2 are nevertheless consistent with the idea 
that dual-target face search is slower than single-target 
face search.

General discussion
The present study explored the role of facial distinctive-
ness in determining the accuracy and speed of target 
detection in DDTFS for unfamiliar targets. The results 
of Experiment 1 showed that targets were missed if both 
faces were typical. Importantly, misses were not shared 
equally across the targets. Misses were focussed on one 
of the target faces: we refer to this effect as target shed-
ding. The need to shed a typical target disappeared in 
Experiment 2 when participants were able to first learn 
the face targets in single-target blocks before completing 
the dual-target block. We conclude that the difficulty of 
performing DDTFS in the typical group in Experiment 1 
is caused by the need to focus attention so that faces can 
be encoded into long-term memory. The contrast across 
groups is consistent with the encoding of typical faces 
being slowed relative to distinctive faces such that the 
disjunctive search for pairs of typical faces relies on WM 
for longer than the disjunctive search for pairs of distinc-
tive faces.

The RT data did also lead to a further finding that was 
demonstrated in both Experiments 1 and 2. RTs were 
longer than might be expected in the Mixed group when 
searching for a typical and a distinctive face. Given that 
raised RTs were found in the Mixed group when faces 
were encoded during dual-target search (Experiment 1) 
and in single-target blocks (Experiment 2), the cause of 
the effect is puzzling. Our intuition is that establishing a 
threshold for determining recognition of distinctive faces 
is different from that required for typical faces (Valentine, 

Fig. 10 Mean response times for different groups on target-present and target-absent dual-target search trials in Experiment 1 (panel A) 
and Experiment 2 (panel B). Note Error bars show standard error
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1991). Nevertheless, when the targets being sought are 
both typical or both distinctive, there is some certainty 
over the difficulty of making an identification judgement 
such that setting a decision threshold can be done with 
confidence. In the case of the Mixed group, however, 
uncertainty exists in the making of an identification deci-
sion and seems to be reflected in relatively long RTs being 
needed to support accurate search.

The issue of certainty over the ease of target recogni-
tion decisions might also be affected by the range of 
distinctiveness in the distractor faces. For example, if 
all distractors had been typical or all distinctive, then 
this might have influenced the ease of identification. It 
is important, therefore, to note that the distractors in 
Experiments 1 and 2 were randomly selected from the set 
of 120 faces that were not rated as either the most or least 
distinctive faces by participants taking part in the pre-
study of Experiment 1 and so this issue is unlikely to have 
affected the results of the present study.

The primary purpose of the present study was not to 
compare dual- and single-target searches directly. Indeed 
Experiment 1 did not include single-target conditions 
and the order of the single- and dual-target conditions 
was not counterbalanced in Experiment 2. Nevertheless, 
once faces were encoded, RTs in the DDTFS task were 
longer than in the preceding single-target conditions. 
The results of Experiment 2 are, therefore, consistent 
with dual-target cost on the speed of face search (Mestry 
et al., 2017), even when faces are robustly encoded. How-
ever, it is important to emphasise that we are not saying 
training on single-target search is critical to understand-
ing the differing results found across Experiments 1 and 
2. For example, it might be that blocks of training with 
dual-target search might also be effective in removing the 
impact of prioritisation from the disjunctive search for 
pairs of typical faces. The comparison of the effectiveness 
of single- and dual-target training is for a future study to 
explore.

Participants completed the CFMT + in both upright 
and inverted conditions to see if correlations with the 
accuracy and speed of search for non-prioritised faces 
were higher with scores on the CFMT + U than the 
CFMT + I. If this were so, then we hypothesised in the 
Introduction that it would be consistent with some role 
for holistic processing in the accuracy and speed of 
search for non-prioritised faces. Correlations were found 
in both Experiment 1 (in the Typical condition) and 2 (in 
the Mixed condition). These findings are consistent with 
two conclusions. First, the magnitude of prioritisation in 
the Typical group and the ability to search for non-pri-
oritised typical faces is associated with the score in the 
CFMT + (whether completed upright or inverted). We 
interpret this novel finding as evidence that the ability 

to perform accurate DDTFS for unfamiliar typical faces 
is associated with the ability to recognise faces. While 
it remains possible that holistic processing may impact 
search for typical faces in DDTFS, the pattern of asso-
ciation in Experiments 1 and 2 is most consistent with 
DDTFS being based on featural information present in 
faces rather than more holistic information. It is, how-
ever, an issue worthy of further investigation.

Constraints on generality
We believe that the findings we report reflect a basic lim-
itation in the search for unfamiliar faces. Nevertheless, it 
is very likely that the specific findings we report are influ-
enced by the stimulus set and selection of participants. In 
this regard, it is right to emphasise that the stimuli were 
all white males, whereas the participants were largely 
white females. We think it likely that the effect of pri-
oritisation found in the present study will be influenced 
by other factors affecting attentional selection and face 
encoding. The range of factors that influence attentional 
selection and prioritisation during face encoding might 
include at a minimum, age, sex, and ethnicity (Backman, 
1991; Meissner & Brigham, 2001; Sporer, 2001; Wright 
et  al., 2001). Indeed, we believe that the interaction of 
participant and stimulus identities is an important line 
of research to pursue in the future. In addition, the study 
was conducted using still photographs on a screen. As 
such, extrapolating the present findings to the real world 
of security search may well require caution.

It would be ideal to run search studies in a laboratory 
using a fixed experimental setup; however, this was not 
possible in the current study (as data were collected dur-
ing the COVID-19 pandemic). This concern relates more 
closely to gathering and interpreting RT measures than 
accuracy data. However, recent exploration of the verac-
ity of RTs gathered across devices, operating systems, 
and browsers shows that the data are generally reliable. 
In particular, so long as RTs exceed 100  ms, then the 
differences across devices are rather minimal (Anwyl-
Irvine et al., 2020). In the current experiments, RT typi-
cally varied in a range from just under 1 s to around 3.5 s. 
Moreover, reliable (and predicted) differences and asso-
ciations with the CFMT + were found in the analysis of 
the RT data. We suggest that repeating the experiments 
in the laboratory may strengthen the observed effects 
but would not change the nature of the effects we report 
here.

A further question worth exploring is if the tendency 
to prioritise faces might occur with factors beyond typi-
cality. We have interpreted the need for prioritisation in 
terms of the differential demands placed in WM by the 
effect of typicality on facial encoding. An open ques-
tion is if a similar effect might emerge through biases in 
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attention to different kinds of faces. For example, implicit 
bias in resource allocation is brought about by ethnic-
ity, attraction, or emotional valence. The present study is 
unable to answer these questions though they are impor-
tant ones that should be explored in future work.

The main conclusions of the current study are that (1) 
distinctiveness, a factor that influences the rate of face 
learning, influenced the accuracy of DDTFS for unfa-
miliar faces; (2) the cost of DDTFS for unfamiliar faces 
were loaded onto one, non-prioritised, target such that 
accuracy on the other was good; and (3) the magni-
tude of the cost borne by the non-prioritised target was 
inversely related to face processing ability, as indexed by 
the CFMT+.

The results have three important consequences for 
those tasked with identifying unfamiliar faces in security 
situations in the real world. First, if more than one target 
is to be detected, then searchers must be given sufficient 
opportunity to encode target faces robustly. This is espe-
cially so if the target faces are rather typical in appear-
ance. Second, if a job requires searchers to perform a 
disjunctive face search task, then careful assessment of 
the tendency for a searcher to prioritise faces should be 
made. Third, given the choice, in situations where search-
ers are likely to need to be on the lookout for more than 
one face, it would be better to select for employment 
those scoring highly on the CFMT + as the tendency to 
prioritise faces will be minimised.

In conclusion, searching for more than one unfamiliar 
face is difficult especially if both faces are typical. In the 
case of typical face pairs, one face is initially prioritised 
over the other. With practice, pairs of typical faces can be 
searched for accurately. However, there remains a cost to 
RT relative when searching for pairs of faces relative to 
single faces. Better performance on the CFMT + is asso-
ciated with the speed and accuracy of the DDTFS when a 
search is most challenging.
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