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Evidence for different visual processing strategy for non-face stimuli in

developmental prosopagnosia
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Psychology, Faculty of Natural Sciences, University of Stirling, Stirling, UK

ABSTRACT

We assembled a test battery to

investigate developmental
neurodevelopmental syndrome resulting in severe face recognition difficulties. To screen for
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prosopagnosia (DP), a

general cognitive deficits that could explain poor face test performance, participants completed a

fluid reasoning task using abstract shapes. This initial screening showed that DPs (n=21) were
more accurate than neurotypical controls (n=90) but significantly slower, suggesting speed-
accuracy trade-off. To address this, we calculated the Balanced Integration Score and found no
group differences, highlighting that DPs clearly adopted a different strategy from controls. DPs’
longer response times (RT) on face tasks vs controls are commonly interpreted as evidence of
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impairment and of lengthy, atypical featural face processing. Our data suggest this interpretation
may be unreliable since clear RT differences were also observed in two non-face tasks where DPs
showed no accuracy impairment. Instead, slower RTs appear to reflect a strategy shift in DPs.

Background

Developmental prosopagnosia (DP) is a neurodevelop-
mental syndrome resulting in severe face recognition
problems due to the visual mechanisms for face proces-
sing having failed to develop (Duchaine & Nakayama,
2006). The prevalence of DP is estimated at around 2-
2.9% in adults (Bowles et al., 2009) and between 1.2%
and 4% in children (Bennetts et al., 2017).

Evidence for different processing strategies for
faces

The literature suggests that DP is a heterogenous con-
dition both in presentation and severity. It is currently
unclear whether DP simply represents the bottom end
of the face processing ability spectrum or whether
there are quadlitative differences in how individuals with
DP (DPs) and typical perceivers encode and recall faces.

Although recognition accuracy is usually the main
outcome measure of interest when investigating DP,
differences in response time (RT) between DPs and
typical perceivers are increasingly considered to be
informative. For example, studies using the

standardized Benton Face Recognition Test (BFRT;
Benton et al., 1983) reported that DPs can often
perform within typical accuracy limits when the task
has extended or unlimited presentation time (Duch-
aine & Nakayama, 2004; Nunn et al., 2001). By contrast,
in other studies using a revised BFRT with a shortened
presentation time, (Rossion & Michel, 2018) DPs per-
formed less accurately than typical perceivers (Mishra
et al,, 2021; Murray et al., 2022). It is posited that a
longer presentation time allows DPs to process faces
in a laborious feature-by-feature manner, resulting in
comparable accuracy to typical perceivers (Fysh &
Ramon, 2022; Mishra et al., 2021; Murray et al., 2022).
Conversely, short presentation times “force” fast, holis-
tic processing that is challenging for DPs, resulting in
low recognition accuracy and making RT a useful
additional measure of face processing in DP.

Do these different strategies extend beyond
processing of faces?

The specificity of DP as a face selective condition inde-
pendent of other object processing impairments
remains a key question. Geskin and Behrmann (2018)
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reviewed published data on 238 cases of DP and found
that most DPs (80% or 62% depending on the method
used) showed evidence of concurrent object recog-
nition impairment from accuracy and/or RT data. They
argued that this suggests a shared underlying mechan-
ism for face and object processing. However, the many
responses to the review (summarized and responded to
in Behrmann & Geskin, 2018) illustrate the current lack
of consensus on this topic. Several researchers argue
that there may be a subset of DPs with face-specific
impairments (Dalrymple et al., 2017; Eimer, 2018);
others that prosopagnosia should be considered an
independent disorder that may co-occur with other
forms of agnosia (Gray & Cook, 2018).

It is also not clear whether these processing differ-
ences extend beyond faces, objects with clear seman-
tic information, and tests using within-class exemplars
(e.g., cars, bicycles) to objects without associated
semantic information (e.g., abstract shapes). Indeed,
abstract shapes are widely used in fluid intelligence
tests (e.g., matrix reasoning). It is widespread practice
to administer some form of intelligence test when
investigating face recognition ability despite there
being no evidence that poor face recognition is
associated with lower 1Q (Connolly et al., 2019; Davis
et al,, 2011; Jones & Tranel, 2001; Wilmer, 2017) for
two reasons. Firstly, to rule out a more general cogni-
tive deficit as an explanation for impaired face proces-
sing test performance and/or, secondly, to match
typical perceivers and DPs on 1Q.

Here, we briefly report results from a fluid reasoning
task, the Matrix Item Reasoning Bank (MaRs-IB)
(Chierchia et al., 2019) which formed a part of a compre-
hensive neuropsychological test battery administered to
111 participants to examine the underpinnings of DP
across the lifespan. Full analysis of the test battery is
underway and will be reported in another publication.
The main objective of this brief report is to highlight evi-
dence of a strategy difference in DP that extends to non-
face stimuli. This finding could stimulate the DP research
in new directions and offer a new perspective and new
training regimes to help DPs navigate everyday life.

Method
Participants

Participants were 111 individuals: 21 DPs (15 women
and 6 men; range = 8-71 years) and 90 age-matched

neurotypical controls (51 women and 39 men; range
6-74 years, see Table 1). All reported normal or cor-
rected-to-normal vision. Normal low-level vision was
confirmed by performance on five subtests of the Bir-
mingham Object Recognition Battery (Riddoch &
Humphreys, 1993). We excluded participants who
experienced major head injury at any time, a mild
head injury or a concussion within 12 months or
had a neurodevelopmental or major psychiatric con-
dition diagnosis. Participants from the UK, Ireland,
and the USA were recruited though social media,
media coverage, personal networks, and prosopagno-
sia support groups and received a £10 gift voucher
upon completion.

For this initial screening, participants
classified as DP if they reported lifelong difficulty
recognizing familiar faces and scored >61 on the
P120 (Shah et al.,, 2015), a cut off recommended by
Tsantani et al. (2021). For children and young
people aged 6-17 years we required parental report
of face recognition difficulties classified as a score <
—1.7 SD below the control group mean on a question-
naire comprising 32 items: 17 items from the PI20
(Shah et al, 2015), rephrased where necessary to
make it suitable for reporting a third party’s ability,
and 15 additional items identified as hallmarks of pro-
sopagnosia for non-experts (Murray et al., 2018).
Inclusion and exclusion criteria and case histories
were confirmed through interviews. DP classification
using objective face memory measures is reported
by Lowes et al. (2024).

Approval for the study was granted by the Univer-
sity of Stirling General University Ethics Panel.
Informed consent and child assent were obtained
from all participants and research was conducted in
accordance with the principles of the Declaration of
Helsinki.

were

Table 1. Participant demographics.

Age group DP Control
Mean age Mean age
n (SD) n (SD)
6-9 years 1(F) 8 14 (7F; 7M) 7.9 (1)
9-13 years 1 (M) 10 19 (9F; 10M) 11.5 (0.96)
14-35 7 (5F; 2M) 24.6 (6.3) 20 (11F; 9M) 233 (6.9)
years
35-59 7 (6F; 1M) 48.6 (5.1) 21 (15F; 6M) 50.6 (6.0)
years
60-74 5 (3F; 2M) 66.6 (4.2) 16 (9F; 7M) 65.7 (4.8)
years
Total 21 (15F; 41.1 (20.1) 90 (51F; 323 (22.5)
6M) 39M)




Materials and procedure

Experiment 1

Participants completed the MaRs-IB (Chierchia et al.,
2019) - a computerized non-verbal reasoning task
suitable for children and adults. Chierchia et al.'s
(2019) results correlated well with another test of
fluid intelligence, the International Cognitive Ability
Resource (Condon & Revelle, 2014), and were
broadly replicated in an online study (Nussenbaum
et al,, 2020).

Participants choose one of four possible abstract
shapes that will correctly complete a 9x9 grid of
shapes (Figure 1).

Participants have up to 30 s to complete each trial.
After 25 s, a countdown clock appears, indicating that
5 s remains until the next trial. Participants are
instructed to “try to be as fast and accurate as you
can be” and, if they are unable to solve the puzzle,
to guess. They are informed that they “will have 30 s
to complete each puzzle". The full task instructions
are shown in Supplementary Material. We adminis-
tered the colour-blind friendly version of the test to
all participants. The test begins with three practice
trials that must be completed correctly. Feedback is
provided after each trial. All participants see trials in
the same order and the test ends either after 8 min
or when the maximum possible 80 trials have been
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completed, whichever occurs first. Trials broadly
increase in difficulty as the task progresses. Crucially,
the design means that participants may complete a
different number of trials (the range in our study
was 21-80 and 24-79 among controls and DP
respectively, see Table 1). Therefore, one participant
score of 48/80 and another of 24/40 would both
result in the same accuracy score of 60%. Similarly,
in the maximum allowable time of 8 min one partici-
pant who completes the maximum possible 80 trials
with 40% accuracy and another who adopts a
different speed-accuracy trade off strategy and com-
pletes only 40 trials but with 80% accuracy would
both achieve the same number correct score of 32.
For a full description of the task and validation data
see Chierchia et al. (2019). Following Chierchia et al.
(2019) we calculated and report the average of each
participant’'s median item RT to account for the fact
that participants who complete more trials will
attempt a higher proportion of relatively more
difficult items.

Cambridge Bicycle Memory Test
(CBMT) (Dalrymple et al., 2014)
Participants study six target bicycles each from three
different viewpoints. Cropped and greyscale bicycles,
from which logos are removed, are presented for 3 s.

The Matrix Reasoning [tem Bank (MaRs-IB)

A w1 w1 . w1z
S i Sy
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Figure 1. Example items from the MaRs — IB. Panel A shows a simple item containing a one - relational change (i.e., only the colour
changes) and answer options. The fourth option is the correct option. Panel B shows a harder item containing a three-relational
change (i.e., shape, colour and position change). The third option is the correct option. Figure reproduced with permission.
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The test stage uses a three alternate forced choice
format, comprising one target and two distractor
bicycles. In the introduction test phase, each target
bicycle is tested with three identical viewpoints. In
the second test phase, after review, each target
bicycle is shown in a novel viewpoint from that
learned in study and, finally, the noise test section
introduces novel views of the target bicycle with
added Gaussian noise. There are 72 trials in total
and chance = 33%. RT is unlimited.

Participants and parents of children under 18 years
old received written instructions in advance of testing
in addition to the on-screen instructions. Parents
supervised their children and could assist with
explaining the task but were instructed not to help
with responses. The test was administered using the
online testing platform Gorilla (www.gorilla.sc) with
Google Chrome as the recommended browser.

Analysis and pre-processing

The exploratory analysis for the full study was pre-
registered at https://osfio/qne8d. We centred z
scores on control age group means because accuracy
and RT may vary on some tasks as a function of age.
This age group standardization allowed us to classify
DP participants’ performance relative to controls
across the full age range since here the z scores quan-
tify participants’ performance relative to their own age
group. Following previous DP literature, age groups
were predefined as 6-9, 10-13, 14-35,' 36-59 and
60-74 years and descriptive statistics for each age
group are shown in Table S1 in Supplementary
Material. The DP and control groups showed no sig-
nificant difference in age (X? =50.05, p=.316).
Chierchia et al. (2019) recommend four dependent
variables (DVs): (i) accuracy which is the (proportion of
trials completed in the allowable time that were
correct (8 mins or when the maximum 80 items
were completed, whichever came first)); (ii) median
response time (RT) on correct trials; (iii) number of
trials attempted (correct and incorrect), and (iv)
inverse efficiency (IE; a measure that considers both
RT and accuracy). However, the use of IE is not rec-
ommended when mean accuracy is less than
around 90%, or when there is a speed-accuracy
trade off (Bruyer & Brysbaert, 2011), and both are
true in the case of the MaRs-IB (slower participants
were more accurate whether considering the

sample as a whole (r(109) =.772, p <.001) or just con-
trols (r (88) =.735, p <.001)). We thus elected to use
the Balanced Integration Score (Liesefeld & Janczyk,
2019, 2023). BIS is an integrated measure that
adjusts accuracy to account for RT whilst controlling
for speed-accuracy trade-offs and is calculated as
Zaccuracy Minus Zgr, (RT for correct trials only). Data
were analysed in R (R Core Team, 2021) using R
Studio 2021.09.1. We conducted Welch’s t tests
which are recommended in independent subject
designs with different experimental group sizes and/
or unequal group variance (Ruxton, 2006), and also
Bayesian independent samples t tests using the
default Cauchy prior with a scale of 0.707. Data and
code are available at https://osf.io/btyud.

Data from two child controls were excluded from
the study prior to analysis because they performed
at chance on this test and well below chance on a
second test suggesting either an inability to follow
instructions or suboptimal effort, or both.

Results

Accuracy and RTs in typical perceivers’ data were nor-
mally distributed. There were no gender differences in
the data (p>.05) or in the gender distribution
between the DP and control groups (X°=1.54,
p=.215) and so we collapsed the data across
gender to increase statistical power (Table 2).

DPs were, on average, more accurate in the MaRs-
IB (M=.680, SD=.162, [95% Cl .611-.749]) than con-
trols (M =.572, SD =.154 [95% Cl .540-.603]). Indepen-
dent samples t tests on the standardized scores
showed that this difference approached significance
Welch’s t (27.6)=2.03, p=.052, Cohen’s d=0.51

Table 2. Descriptive statistics.
Group M SD

Minimum  Maximum

Trials attempted Control 4518 16.71 21 80
DP 3524 13.66 24 79
Number correct trials ~ Control  24.04  5.98 13 47
DP 2224 449 15 30
Accuracy z score Control 0 0.98 -1.99 2.72
DP 0.54 1 —-2.97 1.71
RT z score Control 0 0.98 -1.91 2.28
DP 073 1.2 -2.23 230
Balanced Integration Control 0 0.71 -1.68 1.32

Score
DP -0.2 0.63 -1.38 0.77

Z scores are calculated centred on the control age group means to ensure
that the performance of potential DPs was always compared with age-
matched typical controls. Accuracy = number of correct trials/number of
trials completed and RT =average of each participant’s median RT on
correct trials.
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(see Figure 2(a)). However, the Bayesian t test indi-
cated only weak support for this difference (BFqo=
1.94), in other words, the alternative hypothesis (a
true difference exists between groups) is around
twice as likely as the null hypothesis given the data.
Trials increase in difficulty as the test progresses, so
to exclude the possibility that the DP group’s higher
numerical accuracy was simply due to the fact
that this group, on average, completed a lower
number of trials vs controls and thus an easier
overall set of trials, we repeated the analysis using
only trials 6-25, i.e., excluding the more difficult
later trials that not all DPs attempted. Results were
again that the DP group was more accurate (M = .68,
SD =.16) than controls (M =.57, SD =.15); this time
the group difference was significant, t (28.8) =2.16,
p =.040, Cohen’s d =0.53, although Bayesian analysis
provided only anecdotal support for a true group
difference, BF,o =2.09. The observed accuracy differ-
ence is therefore not due to DPs completing a
higher proportion of easier trials. The important
finding, confirmed by this additional analysis, is that
DPs were not impaired on the MaRs-IB and had

a. Accuracy

Density

Density
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similar or even slightly better accuracy than controls,
meaning that any group RT differences on this task
are not due to impaired accuracy.

Response time

In this task, there was a strong positive relationship
between accuracy and response time, whether con-
sidering the sample as a whole (r (111)=.762,
p <.001), or just controls (r (90) =.730, p <.001), that
is on average participants who took longer to
respond were also more accurate. As shown in
Figure 2, the different pattern of results observed
between accuracy (proportion correct) and number
correct (raw score) appears to be driven by DPs adopt-
ing a different strategy to controls. Namely, as shown
in Figure 2(c), on average DPs took significantly
longer per correct trial (median item RT 11,219 ms)
than controls (8380 ms). An independent samples t
test comparing group standardized RTs showed this
difference was significant Welch's t (27.6)=2.77,
p=.010, Cohen’s d=0.70 (Figure 3(a)) and DPs
were likely therefore more accurate due to the

b. Number of correct trials

Control

Accuracy (correct trials/completed trials)

C. Response time (RT)

Density
Density

300 10000 15000 20000
Median RT (ms) per correct trial

Number of correct trials achieved within maximum allowable time

d. Trials attempted

Group

[ contra
Oee

Total number of trials attefnpted correct and incorrect

Figure 2. MaRs-IB score distribution by group (DP or control). Panel a shows accuracy scores (i.e., proportion of trials completed in the
maximum allowable time that were correct. Chance = 0.25, range was 0.19-0.94). Panel b shows number of correct trials completed in
the maximum time allowed which was 30,000 ms per trial, overall maximum test duration was 8 min or when all 80 trials were com-
pleted — whichever occurred first. Maximum possible score = 80, observed range was 13-47. Panel ¢ shows average median RT in ms
(correct trials only). Panel d shows the total number of trials attempted within the allowable 8 min.
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Trial-by-trial RT comparison of easier trials 6 - 25

Average median RT in ms

Trial number

Average median Response Time in ms

Trial-by-trial RT comparison of harder trials 26-45

Group
— control

e dp

Trial number

Figure 3. Comparison of RT difference between the DP and control groups across 20 easier trials and 20 more difficult MaRs-IB trials.

speed-accuracy trade off on this task. Importantly, this
difference was not due to differences in age distri-
bution between the groups since the z scores were
centred on age group control means. Further infor-
mation on age group-level performance is provided
in Figure S1 Supplementary Materials. An indepen-
dent samples Bayesian t test (BF;o=11.3) provided
strong support for the alterative hypothesis. In other
words, the alternative hypothesis (a true difference
in RT exists between the DP and control groups) is
more than 11 times as likely as the null hypothesis
given the data.

In the MaRs-IB, trials are presented in a fixed order
and, as with Raven’s Progressive Matrices, difficulty
broadly increases as trials progress. Unfortunately,
there is no item level difficulty data for the colour-
blind version of the task that we used. To check that
RT differences were not due to DPs simply completing
a higher proportion of easier trials, we therefore sep-
arately compared mean group performance on 20
easier trials (trials 6-25, we excluded trials 1-5
which are very easy and mainly used for familiariz-
ation) vs the following 20 trials (numbers 26-45)
which are more difficult. As can be clearly seen from
Figure 3, even on the easier trials, the DP group’s
mean item RT (M = 15,732 ms, SD = 4841) was consist-
ently and significantly slower than controls’ (M=
12,403 ms, SD=3276), t(33.4)=255 p=.016,
Cohen’s d=0.81, BF,q=3.63. The observed group RT
differences cannot therefore be accounted for by
DPs completing a higher proportion of relatively
easier trials. On the 20 harder trials, although numeri-
cally DPs were again slower than controls, this differ-
ence was smaller and NS, p=.666, Cohen’s d=.14,
BF,0=.34. Similar analysis comparing standardized
accuracy on the 20 easier trials found that DPs (Mz

=0.67, SD=1.05) were significantly more accurate
than controls (Mz=0.13, SD=0.99, t(28.8)=2.156,
p =.040, Cohen'’s d = .53, BF;, = 2.09). Taken together,
these results show that the DP group’s higher accu-
racy and longer RTs on the matrix reasoning task
are not simply explained by the task design
whereby faster participants complete a higher pro-
portion of more difficult trials. This additional explora-
tory analysis was suggested during peer review and
was not pre-registered. An ANOVA was also
suggested but was not feasible due to small
numbers of DP correctly completing some of the
later trials, and a large variation of overall number
of correct responses across trials.

Balanced integrated score (BIS)

To confirm whether DPs’ higher group-level accuracy
was indeed driven by differences in the speed accu-
racy trade-off strategies adopted by DPs and controls,
we calculated the BIS (Liesefeld & Janczyk, 2019), a
measure that can be interpreted as accuracy adjusted
for RT thereby controlling for differential speed-accu-
racy trade-offs. The authors reported that drift
diffusion modelling using simulated data showed
that BIS was suitable for tasks with varying levels of
mean accuracy and decision thresholds (Liesefeld &
Janczyk, 2019). As a reminder, the z scores used to cal-
culate the BIS were centred on control age group
means thus all DPs are compared to typical controls
of their own approximate age which controls for any
differences that might be observed in speed-accuracy
trade-offs in different age groups. As shown in
Figure 4(b), no significant difference in BIS was
observed between DPs and controls, Welch’s
t(33.2)=-1.27, p=.212. Cohen’s d=-030. An



a. Matrix Reasoning Task RT (correct trials)

Z median RT (ms}
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b. Matrix Reasoning Task Balanced Integration Score

Group

E-_: Contiol
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Balanced Integration Score

Group

Figure 4. Panel a shows the difference in average standardized median item RT between groups and panel b the difference in
balanced integration score (calculated as Z,ccyracy Minus Zgr) between the control and DP groups. Each dot represents a single
data point, the box shows the interquartile range (IQR) and the mid line indicates the group median RT in ms. The end of each
whisker line represents 1.5 x the IQR. Maximum allowable time per trial = 30,000 ms.

independent samples Bayesian t test (BF,o = 0.45) pro-
vided moderate support for the null hypothesis. In
other words, as expected, once RT and differential
speed accuracy trade-offs had been accounted for,
there was no difference in accuracy between the DP
and control groups. The absence of group difference
in Balanced Integration Scores strongly suggests that
the unexpected group accuracy differences were
driven by different speed-accuracy trade-offs
between the groups. To confirm this we also inspected
and report performance on an object recognition task

that was part of our test battery, the CBMT (Dalrymple
et al,, 2014).

Our test battery also included an object recog-
nition task, the CBMT, so to check whether these
apparent strategy differences extended to objects,
we next used independent t tests to compare DP
and control group accuracy, RT and BIS. As before,
we computed standardized scores centred on age
group-specific control group means to account for
age differences. Four control participants did not
complete the CBMT.



8 J. LOWES ET AL.

As shown in Figure 5, the DP group was, on
average, slightly more accurate (Ziccuracy M=0.41,
SD =0.93) than controls (Zccuracy M =0.08, SD = 0.95)
but the difference was ns (t (31.1)=1.47, p=.151,
Cohen’s d=0.36, BF;,=0.61). As with the MaRs-IB,
the DP group was significantly slower (Zzy-0.61, SD
=1.22) than age-matched controls (Zzr=-0.02, SD
=0.94) with moderate evidence for a true group
difference, t(26.1)=2.20, p=.037, Cohen’s d=0.58,
BFi0=4.11. When BIS was calculated to control for

a. CBMT accuracy

differences in speed-accuracy trade-offs (DP = —0.20,
SD 1.44; controls = 0.09, SD 1.26), group performance
did not differ, t(27.9)=—0.86, p=.398, Cohen's d=
—0.22, BF,(,=0.36 indicating that the previously
observed group RT differences on the CBMT were
again a result of strategy differences between DPs
and controls.

Finally, after removing one outlier (DP) with unu-
sually fast response time and low accuracy, we con-
ducted Pearson product-moment correlations to

2
k)
2
E
8 Group
(=1
"g ’ E=: Control
g B or
<]
Q.
N

2

-4 T T

DP Control
Group
b. CBMT RT

4
£
s,
E
2]
g Group
<}
: E= Control
4 B op
c 0 =
©
(3]
£
N

-24

DP
Group

Control

Figure 5. CBMT = Cambridge Bicycle Memory Test. Panel a shows the difference in average standardized accuracy and panel b the
group difference in standardized RT between the control and DP groups. Each dot represents a single data point, the box shows the
interquartile range (IQR) and the mid line indicates the group median RT in ms. The end of each whisker line represents 1.5x the IQR.



Table 3. Correlation tables matrix reasoning and bicycle
memory tasks.
Variable

Full sample df =104

RT MaRs-IB -

RT CBMT 39%** -

MaRs-IB accuracy TTEE* -
CBMT accuracy .16 15
DP group df =18

RT MaRs-IB -

RT CBMT 43 -

MaRs-IB accuracy T5*** -
CBMT accuracy 12 —-.06
Control group df =84

RT MaRs-IB -

RT CBMT 32%* -

MaRs-IB accuracy T4FE* -
CBMT accuracy 12 1

Note: MaRs-IB = Matrix Reasoning Item Bank, CBMT = Cambridge Bicycle
Memory Test. RT = standardized response time, accuracy = standardized
proportion correct.

*** p <.001, **p < .01, *p < .05.

RT MaRs-IB RT CBMT MaRs-IB accuracy

assess the relationship between standardized RT and
accuracy performance on the MaRs-IB and CBMT
(Table 3). Results showed a significant moderate posi-
tive correlation for RT on these two tasks when exam-
ining the sample as a whole and the control group
only. In the DP group, we in fact observed a stronger
relationship which only trended toward significance
p=.057, likely due to reduced power given the
much smaller DP sample size. Nevertheless, the
strength of the RT correlations on these quite
different paradigms supports the idea that RT differ-
ences are related across tasks — particularly since
accuracy scores on these same tasks were unrelated
in both the DP and control groups, and also the
sample as a whole.

Discussion

Participants who reported severe face recognition
difficulties (DPs) and age-matched typical perceivers
completed an abstract reasoning test to screen for
wider cognitive difficulties that might account for aty-
pical face recognition performance, e.g., inability to
follow instructions. DPs were, on average, more accu-
rate than controls that is, of the trials they attempted,
a higher proportion were correct, (importantly this
was also the case when considering only a subset of
20 easier trials) but, overall, both groups achieved a
similar number of correct trials in the maximum allow-
able time. This difference in accuracy was driven by
DPs spending longer per trial, despite the test instruc-
tions stressing both speed and accuracy and thus
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leaving participants to decide their own approach to
how to attempt to balance these. The DPs clearly
adopted a different strategy to typical perceivers in
this visual processing task that did not involve faces
or objects with clear semantic information, and one
that did not involve long-term memory. Once accu-
racy was adjusted to account for differential speed-
accuracy trade-offs, no group difference was
observable.

In short, DPs were, on average, more accurate
owing to the speed-accuracy trade-off in this visual
processing task. Importantly, typical perceivers’ accu-
racy broadly replicated previous published data from
an online sample (Nussenbaum et al, 2020)
suggesting that our results cannot be accounted for
by an unusual control sample.

Results from a bicycle recognition task provided
converging evidence for a strategy difference. A
very similar pattern of results was observed on both
tasks; DPs were more accurate yet slower to make
correct responses than controls. The significant posi-
tive relationship between RTs on the MaRs-IB and
CBMT provides further support that RT differences
are indeed related across very different paradigms.

The fact that the DP and control groups appear to
have taken different approaches to speed-accuracy
trade-offs is perhaps not unexpected. In their review
of reaction time and individual differences, Draheim
et al. (2019) point out that participants with
different levels of ability are likely to respond differ-
ently to the same instructions, as are participants of
different ages. There may also be within-participant
differences observed. For example, participants may
prioritize speed on easier trials and accuracy on
harder trials (Liesefeld & Janczyk, 2019). Accounting
for differential speed accuracy trade-offs between
and within participants is therefore important more
generally (Meyer et al., 2019) and is of critical impor-
tance in syndromes such as DP, but also other syn-
dromes for which there is no genetic or clinical
diagnostic test and diagnosis and/or classification is
made on the basis of impaired performance on
behavioural tests.

We have reported elsewhere (Lowes et al., 2024)
that many more individuals who reported face recog-
nition difficulties were classified as DP once accuracy
was adjusted for RT through use of Balanced Inte-
gration Scores (BIS) on four objective measures of
face memory compared with accuracy scores alone
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(83% vs 58% of the potential DP group respectively).
In other words, many of the potential DP group
appeared initially to have below average but never-
theless typical face memory accuracy, but this appar-
ently normal accuracy was only achieved at the
expense of abnormally prolonged RT. Once accuracy
was adjusted to account for RT (using BIS), thus con-
trolling for these differential speed-accuracy trade-
offs, a far greater proportion showed a face memory
deficit. Additionally, data from the Cambridge Face
Memory Test (Duchaine & Nakayama, 2006), a test
that uses the same format as the CBMT and is con-
sidered the “gold standard” for detecting prosopag-
nosia, showed clear evidence of different speed-
accuracy trade-offs among DPs and controls: The
most accurate controls were also faster but, conver-
sely, among DPs the more accurate DPs were slower.

Our finding here is important because a common
interpretation of abnormally prolonged RT in proso-
pagnosia (both acquired and developmental) is that
it indicates a deficit in holistic face processing and
that extended or unlimited presentation time allows
individuals to process faces in a serial feature-by-
feature manner (Fysh & Ramon, 2022; Mishra et al.,
2021; Murray et al, 2022). This feature-by-feature
strategy is atypical relative to neurotypical, rapid hol-
istic face processing. While this may be true in some
cases, a more parsimonious explanation may be that
differences in strategy preference exist between DPs
and controls since our results suggest that different
strategies in DPs are also present for non-face
stimuli that do not rely on holistic processing in the
way faces are widely argued to do.

We therefore caution against interpreting RT differ-
ences in DP as evidence of a deficit in holistic face pro-
cessing because while these longer processing times
may facilitate feature-by-feature processing of faces,
they may not be driven by this. The long, although
not unlimited, stimulus presentation times in the
MaRs-IB and the unlimited RT allowed in the CBMT
also produced a shift in strategy amongst DPs that
crucially did not reflect a lack of ability on either of
these tasks, quite the opposite since DPs were
numerically (though not always statistically) more
accurate than controls. For clarity, we do not claim
that these interesting findings suggest any relation-
ship between performance on these tasks and face
processing more generally, instead we show that
DPs demonstrated a preference to proceed more

carefully and cautiously than controls across a range
of cognitive tasks not involving faces and that this
strategy preference is unrelated to ability, or to the
processing of faces specifically. Our findings
strengthen the case for RTs to be routinely inspected
in face and other visual stimulus categories tests and,
crucially, for speed accuracy trade-offs that may differ
between participants and between groups, to be
accounted for using an appropriate measure such as
the Balanced Integration Score (Liesefeld & Janczyk,
2019).

Note

1. Bowles et al. (2009) used 18-35 years for young adults
but because there are ceiling effects above age 13
years on the CFMT Kids (Dalrymple et al., 2014) and
other studies have successfully administered adult ver-
sions of face processing to adolescents age 14-15
years (Bate et al., 2015) we selected 14-35 years as our
young adult age band.
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