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Abstract: 

Congenital prosopagnosia (CP) is a life-long impairment in face recognition that occurs in the 

absence of any known brain damage. It is still unclear whether this disorder is related to a visual 

deficit, or to an impairment in encoding, maintaining or retrieving a face from memory. We 

tested CPs and matched neurotypical controls using a delayed estimation task in which a target 

face was shown either upright or inverted. Participants were asked to select the target face out 

of a cyclic space of morphed faces that could either resemble the target face, or not. The 

inclusion of upright and inverted faces enabled to examine the extent of the face inversion 

effect, a well-known face specific effect often associated with holistic processing. To enable 

disentangling visual from mnemonic processing, reports were required either following 1 and 6 

seconds retention interval, or simultaneously while the target face was still visible. Controls 

showed slower forgetting of upright compared to inverted faces. In contrast, CPs exhibited 

rapid forgetting of upright faces that was comparable to their performance and to performance 

of controls on inverted faces. Such forgetting was evident in random errors in which the 

selected faces did not resemble the face in memory, implying a time related decrease in the 

probability to access the correct face in memory. Importantly, CPs exhibited no inversion effect 

across all retention intervals, including the simultaneous one, suggesting that their abnormal 

rapid forgetting could be explained by an impairment in holistic visual processing of upright 

faces.      

 

 

  



1. Introduction 

 

Congenital prosopagnosia (CP), a life-long impairment in face processing that occurs in the 

absence of any known brain damage, provides a unique model in which to explore the 

psychological and neural bases of face recognition. Although CP has attracted much scientific 

attention recently, with an estimated prevalence as high as 1-3% of the population, many 

aspects related to the behavioral characteristics of this disorder are still unclear and the existing 

studies are often conflicting (Geskin & Behrmann, 2018).  

A main issue that is still unresolved is what constitutes the face processing deficits in CP. Most 

studies agree that a core deficit lies in recognizing familiar faces with largely typical 

performance in tasks related to extracting non-identity aspects of the face (Geskin & 

Behrmann, 2018; Susilo & Duchaine, 2013). In order to adequately recognize a familiar face, 

one needs to process the face, perceive it, and compare it to memory representations of known 

faces. Thus, it is still debated whether CP exhibit deficits in visual processing of faces or whether 

this disorder is related to a mnemonic deficit in encoding, maintaining or retrieving a face from 

memory. For example, two studies reported that more than half of the tested individuals with 

CP (or developmental prosopagnosia DP, as is used in some studies) were unimpaired in 

discriminating faces presented simultaneously on the screen, but were all impaired when 

mnemonic requirements were introduced (Dalrymple et al., 2014; Ulrich et al., 2017). Another 

study compared performance in a standardized face-matching task in which faces were 

presented simultaneously vs. a similar matching task using non-standardized images taken from 

the internet. While CPs performed within the normal range on the former task, they were 

impaired on the latter, thus indicating that at least some standardized tests do not have 

sufficient sensitivity to reveal their perceptual deficits (White et al., 2017). These results imply 

that early visual processing of faces may be intact, at least in some cases of CP, and that 

recognition deficits may arise from a different, mnemonic deficit.  

 

As described above, unlike strictly perceptual tasks, tasks that tap memory of faces [such as in 

the Cambridge Face Memory Test (CFMT; Duchaine & Nakayama, 2006) or other tasks (Bate et 



al., 2019)], are typically performed below normal range in CP individuals. This may suggest that 

the everyday difficulties experienced by CPs may be related to mnemonic deficits, rather than 

to a pure visual deficit in face processing (Dalrymple & Palermo, 2016). However, such a 

conclusion should be taken with a grain of salt as the mnemonic and non-mnemonic tasks that 

have been previously used with CPs differ in a number of ways beyond their memory demands. 

For example, the Cambridge Face Perception Test (CFPT) and CFMT differ in their basic visual 

processing demands. In the CFPT, participants are requested to sort items according to their 

similarity to a target face, while in the CFMT participants are required to select a face that 

matches a previously displayed face, out of three options. It is possible that CPs use different 

strategies for visual processing for each of these two tests. For example, more detailed 

processing when judging similarity (CFPT) and more holistic processing when selecting a 

matching face out of three possible faces (CFMT). Such a difference in processing style, can 

account for the commonly found impairment CPs exhibit on the CFMT, compared to 

performance on the CFPT, which is less affected (e.g. Dalrymple, Garrido, & Duchaine, 2014). To 

explore visual vs mnemonic deficits in CPs, it is necessary to directly pit against each other 

conditions that share visual processing requirements and differ only in their mnemonic 

requirements. To the best of our knowledge the current study is the first to test CPs in such a 

task.  

 

Despite the difference in the mnemonic and non-mnemonic tasks used in previous studies, the 

parsimonious explanation for the results described above is that, at least some individuals with 

CP, have impaired short-term memory (STM) for faces without accompanying visual processing 

deficits. CPs may be able to process the visual characteristics of faces, but not to properly 

encode, maintain or retrieve them from STM (Dalrymple & Palermo, 2016). Several recent 

studies have focused on STM related impairments in CPs and tried to probe whether the 

impairment is in encoding, maintenance or retrieval from STM. 

 

Shah and colleagues (2015) have used a six alternative forced choice task in a delayed match to 

sample procedure, following 2 or 6 seconds retention intervals. They showed that CPs were 



similarly impaired following both retention intervals, thus concluding that their difficulty arises 

at the encoding, rather than maintenance phase (Shah et al., 2015). However, this conclusion is 

not fully qualified as, similar to other studies, the experiment did not include a non-mnemonic 

control task. Thus, the study did not asses if CPs were able to process the faces properly at 

encoding and hence the results could also be accounted for by a deficit in strict visual 

processing of faces. Moreover, a maintenance deficit could already be evident even in the short 

retention interval of 2 seconds due to rapid forgetting.   

Jackson et al (2017) have used a different approach and investigated two additional factors that 

typically influence memory performance. One was the number of faces the participants had to 

remember in a parallel presentation, the other was the serial position of the face in a serial 

presentation of 4 faces. They found that CP individuals do not show a steeper decline in report 

accuracy with increasing memory load compared to controls. In the sequential task, CPs’ 

performance was impaired across all serial positions and mainly at later sequential positions. As 

described above, the interpretation of the results in terms of impaired memory component is 

somewhat limited as it is impossible to rule out a deficit in visual processing of faces, even 

before the mnemonic stage (i.e. encoding the face into memory). Such a deficit in processing of 

the faces in the memory array is expected to influence all mnemonic conditions to a similar 

extent, as reported in this study. 

 

Another study also addressed STM performance in CPs, but without measuring their visual 

processing performance in the same task (Biotti et al., 2019). Sixteen CPs performed a delayed 

matched-to-sample memory task with 1 and 6 seconds delay. Their performance was worse 

compared to controls at face matching, but not at car matching and the relative degree of 

impairment did not interact with retention interval. Thus, CPs exhibited similar levels of 

impairment when matching faces separated by 1- and 6-second delays. However, visual 

processing of CPs was not assessed in this task, but rather in a different task (Cambridge Face 

Perception Test; CFPT) and on another cohort of CPs. Thus, CPs’ impairment in matching faces 

across retention intervals could be due to abnormal visual processing of the faces during the 

encoding or/and the retrieval stages, rather than due to mnemonic deficits.  



To directly explore visual processing and mnemonic deficits, it is necessary to assess 

performance in a task that includes a condition that does not involve mnemonic encoding as 

well as conditions with variable retention intervals. In the case of an impairment in visual 

processing, we would expect to find a consistent impairment in all conditions. However, a pure 

impairment in maintenance of information in STM (i.e., rapid forgetting) should be reflected in 

a more pronounced impairment following longer retention intervals compared to shorter ones, 

and in the absence of an impairment in the non-mnemonic condition.  

 

Designing an adequate experiment with mnemonic and non-mnemonic conditions that share 

their visual processing requirements is not trivial. For example, it is challenging to find a non-

mnemonic condition which is comparable in its visual processing requirements to mnemonic 

conditions in which participants are required to memorize multiple faces. In the mnemonic 

condition, participants do not know in advance which face would be probed and therefore they 

have to process all faces presented in the memory array. In contrast, in the non-mnemonic 

condition participants know which face is probed (as there is no memory requirement) and 

therefore are likely to focus their processing resources (e.g. attention and gaze) on the probed 

face. Thus, a task with a memory array containing multiple faces creates an unbalanced design 

in which visual processing is easier in the non-mnemonic condition. This concern could be 

resolved by using a single face instead of an array of faces, however, it might lead to ceiling 

performance. In order to use a single face but still maintain a dynamic range of performance, 

we have used a delayed estimation task in which participants select a matching item out of a 

variety of options that are very similar to each other. Such a paradigm has been recently used in 

many STM studies, mostly unrelated to face processing, and have generated important insights 

and conceptual shifts in understanding STM mechanism (e.g. Ma, Husain, & Bays, 2014).  In the 

delayed estimation task, participants are required to reproduce a previously observed stimulus 

from a gradually changing cyclic scale, such as a specific color out of a color wheel. Response 

error is typically evaluated by the angular deviation (projected on the cyclic scale) between the 

target feature (e.g. its specific color) and the feature reported by the participant. Hence, these 

tasks have a large dynamic range of performance (not likely to lead to ceiling and floor effects) 



and were found to be more sensitive in detecting impairments in clinical populations, 

compared to more traditional memory tasks (Zokaei et al., 2014). This is contrast to traditional 

tasks which typically provide a single binary measure of subjects’ memory performance 

following large changes in the stimuli (e.g. one face vs another one; yellow patch changes to 

purple).  Each response is then scored as either correct or incorrect, resulting in measures that 

fail to capture potential variability in the quality of the representation. As noted above, such 

variability is better captured using a delayed estimation task (Ma et al., 2014; Manohar et al., 

2017). 

 

Another advantage of this task is that it enables the assessment of the distribution of errors, 

thus providing data on the type of errors committed by the participants. For example, a 

complete failure to access a memory representation should be manifested as a uniform 

distribution of errors across the report scale, whereas a degradation in the fidelity of a memory 

should lead to a broader, noisier, distribution of errors around the correct value (i.e. decreased 

precision). Results obtained on these delayed estimation tasks suggest that extending the 

retention interval influences both types of errors: it increases the number of errors distributed 

randomly on the report scale, as well as broadens the distribution of errors around the correct 

value (Pertzov, Manohar, & Husain, 2017). Because no previous study has used such a paradigm 

in CPs, little is known about the precision with which faces are stored in CPs and which type of 

errors would accompany the deficits typical to these individuals. Here we inspect these two 

types of errors in controls and CPs.  

 

A few studies used a version of the delayed estimation task with face stimuli, however none of 

them were conducted with CP individuals. Lorenc and colleagues contrasted short term 

memory for upright versus inverted faces, reporting a significant loss of precision (broader 

distribution around the correct value) for inverted relative to upright faces with no difference in 

the number of random errors (Lorenc et al., 2014). Another study has asked participants to 

maintain own-race or other-race faces in STM (Zhou et al., 2018). Following ample exposure to 

2 faces, more random errors were executed when other-race faces were presented, compared 



to own-race faces. Once the face was retrieved, the distribution of errors around the correct 

face was similar in the two conditions. In a second experiment in which encoding time was 

limited, precision was found to be degraded (broader distribution of errors around the correct 

value) in the other-race condition compared to own-race face. The authors concluded that the 

other race effect is caused by “a failure to rapidly consolidate other-race faces into coherent 

and stable representations in visual working memory” (Zhou et al., 2018, p. 709). We have 

recently used the face delayed estimation task with several retention intervals in neurotypical 

individuals and found that longer retention intervals increase the proportion of random errors 

suggesting that forgetting of faces reflects decreased accessibility of the memory 

representations over time (Krill et al., 2018). To examine the specificity of the effect, we also 

included inverted faces and measured the face inversion effect (Yin, 1969), which is a hallmark 

of face specific processing (Rossion, 2009). In contrast to the effect of retention interval (i.e., 

forgetting), face inversion led to larger errors that were mainly associated with decreased 

precision of recall. This effect was similar in all retention interval conditions even when memory 

was not required in the task. Therefore, our results revealed that upright faces are remembered 

more precisely compared to inverted ones due to visual, rather than mnemonic processes. 

 

While the above studies provide strong evidence that STM of faces is affected by experience 

(either with face orientation or race) they did not address the nature of the face deficits in CP. 

The current study employs the experimental design introduced by Krill et al (2018) to study face 

processing deficits in CP. It is novel in at least two important ways, compared to other studies 

of CPs: It is the first to use the same task with non-mnemonic and mnemonic conditions and 

therefore the first to directly examine visual and mnemonic deficits in CPs. It is also the first to 

use a delayed estimation paradigm in CPs, thus paving the way for assessing the type of errors 

performed by these individuals and inferring their underlying cause. To foreshadow our 

findings: While controls exhibited smaller errors and fewer random errors when reporting 

upright compared to inverted faces, CPs exhibited no inversion effect across all retention 

intervals, including the simultaneous one. Performance rapidly decreased in CPs when a brief 

retention interval was introduced, but less so in controls. These differences were accounted for 



mainly by random errors, implicating the ability to access memory representation rather than 

memory precision.    

 

2. Method 

 

2.1 Participants 
 

2.1.1 Individuals with Congenital Prosopagnosia 
 

Sample size was determined in agreement with prior research in this field. Seven healthy 

individuals diagnosed with CP (three females, age 51 (± 17)), participated in this study. None of 

the CP individuals had a history of any neurological or psychiatric disease by self-report. All CP 

participants reported substantial lifelong difficulties with face processing during a semi-

structured interview conducted with the research team. Only participants whose performance 

fell below 2 standard deviations of the mean of the control group on at least the Famous faces 

questionnaire, and at least bellow 2 and 1.3 standard deviations of the mean of the non-age-

matched and age-matched (respectively) controls in the Cambridge Face Memory Test 

(CFMT) were included. Further details about the CP participants are provided in Table 1.  

 

2.1.2 Controls 
 

Seventeen healthy individuals (seven females, age 47 (± 16)) participated in this study.  

None of the participants reported having any difficulties with face processing. This group 

included at least two age- and gender-matched controls for each CP participant, further details 

are provided in Table 1. The CP and age-matched controls did not significantly differ in age 

(t(22) = 0.6, p = 0.55) and this conclusion was also corroborated by a Bayesian Man-Whitney U 

test (BF01=2.2; JASP Version 0.10.0). There was a significant difference between the control 

group in this study and the CP group on their performance of the famous faces questionnaire 

(t(12) = 4.4, p < 0.001) and the Cambridge Face Memory Test (t(22) = 4.4, p < 0.001) but not in 

the Cambridge Car Memory Test (t(14) = 0.5, p = 0.63 ; see Table 1 for mean performance), 

confirming the behavioral deficit in the CPs included in this study. 

All CPs and controls performed the following diagnostic procedures as well as the main 

experimental session. 

http://cercor.oxfordjournals.org/content/24/6/1565.long#T1


2.2 Diagnostic Procedures 

 

2.2.1. Famous face questionnaire. This test examines long-term memory for known faces 

(described in detail in Avidan & Behrmann (2008)). The questionnaire contains 56 photos of 

celebrities, intermixed with 56 photos of unknown people (celebrities from other countries). 

Participants are required to answer the questionnaire, by providing the name or detailed 

context of the famous person, or indicate if the face is unfamiliar. Response time is unlimited.  

2.2.2. Cambridge Face Memory Test (CFMT; Duchaine & Nakayama, 2006). The test examines 

short term memory for unfamiliar faces and is widely used for diagnosis of 

congenital/developmental prosopagnosia. The test contains faces shown across varying views 

and lightings and has three levels of difficultly. 

2.2.3. Object recognition task. The Cambridge Car Memory Test (CCMT; Dennett et al., 2012) is 

a car recognition test matched to the CFMT in format. It is used to assess general object 

recognition skills.  

 

 

Participant Sex Age 
Famous faces 
questionnaire 

  
CFMT 
(total) 

 
  CCMT   

      % corr. Z-score score 
Z-score 

(Duchaine 
et al 2006) 

Z-score  
(Bowels 
2009) 

score Z-score 

1 F 24 44.6 -2.99 42 -2.01 -1.58 43 -1 

2 M 41 55.4 -2.179 36 -2.77 -2.11 65 0.91 

3 M 68 55.4 -2.178 39 -2.39 -1.32 48 -1.13 

4 F 60 32.1 -3.94 37 -2.65 -1.56 44 -0.9 

5 M 72 28.6 -4.21 27 -3.91 -2.49 52 -0.65 

6 F 64 26.8 -4.34 33 -3.15 -2.01 44 -0.9 

7 M 31 55.4 -2.178 36 -2.77 -2.29 46 -1.37 

All CPs mean ± 
s.d.   

51.4 ± 
16.6  

42.6 ± 
 18.0    

35.7 ± 
4.4  

 
  

48.9 ± 
7.2    

Controls mean ± 
s.d.   

46.6 ± 
16.2  

86.3 ± 
 13.2    

49.6 ± 
10.3  

 
  

47.0 ± 
9.3    

Table1. 
Demographic details of CP individuals and performance (raw values and z-scores) on famous faces questionnaire, CFMT and 
CCMT diagnostic tests. Z scores of the CFMT as calculated based on control subjects who are not age-matched in Duchaine & 
Nakayama (2006) and age-matched control subjects reported in Bowles et al (2009), Z scores on CCMT as calculated based on 
data reported in Dennett et al (2012), and Z scores of famous faces questionnaire as calculated based on control subjects 
included in Avidan & Behrmann (2008). Significant differences are highlighted in bold (Z < -2), Z scores between -1.3 and -2 are 
in Italics. Note that the CP group was impaired in the two face related tasks but not in the object task (CCMT). 
.  



2.3 Experimental Stimuli, Materials & Procedures 

 

One hundred and ninety realistic, color pictures of faces (78 female and 112 male) were taken 

from the following databases: Productive Aging Lab Face Database (Minear & Park, 2004), 

The IMM Face DB (Nordstrøm et al., 2004), and the Glasgow Unfamiliar Face Database (GUFD) 

(Burton et al., 2010). All faces had a neutral expression. The photos were cropped in a fixed 

round form, without hair (using Adobe Photoshop CS6). To prevent verbal tagging and hamper 

long-term memory strategies, all faces were displayed only once on a given block and all faces 

in a trial had similar age, gender, skin tone and facial shape (e.g., cheekbones, jaw line). The 

stimuli in each trial consisted of three original faces (from the pool of the 190 faces) and five 

morphed faces (Abrosoft FantaMorph deluxe V5) between each pair (83%A/17%B, 67%A/33%B, 

50%A/50%B, 33%A/67%B, 17%A/83%B). Stimuli were presented on a 17.3-inch Dell FDH 

(1920x1080) Truelife LED-Backlit Touch Display on a Dell Inspiron laptop. Participants were 

positioned at their most comfortable distance from the screen, size of stimuli in degrees of 

visual angle was calculated assuming 60 cm distance. The computer was situated in a quiet 

room in the lab or in the participant’s home.

The experiment was programmed in MATLAB (MathWorks, Inc.) and Psychophysics Toolbox 

(Brainard, 1997; Pelli, 1997). The experimental design is illustrated in Figure 1. Each trial began 

with the presentation of a central fixation cross (white, 3 pixels, 0.08° of visual angle) for 1000 

ms. This was followed by a 150 ms display of a single upright or inverted face (200x200 pixels, 

4.5x4.5°) at the center of the screen (mnemonic conditions) or 3° to the right (non-mnemonic 

condition). This face, the target face, was always one of the original faces, and never one of the 

morphs. In the memory conditions, a black screen was then displayed for 1 or 6 seconds during 

the retention interval. Participants were instructed to remember the target face and, at the end 

of the retention interval, to report its identity by touching one of the faces out of a cyclic array 

of 18 faces situated on an imaginary circle around the fixation at a distance of 470 pixels (10.6°) 

from fixation. The selected face was then displayed at the center (mnemonic conditions) or to 

the left of the target face (non-mnemonic condition). Participants had up to 25 seconds to 

modify their selection and once they reached their final report they clicked the space bar to 

register their selection and move to the next trial. Figure 2 describes the way in which the 



circular array of the report circle was designed: the previously displayed face (target) was 

shown in the circular array with 2 other faces (original faces shown in a red frame). Five equally-

spaced morphed faces were generated between each pair of the original faces. Thus, each 

target face was accompanied by 5 morphed faces between it and each one of the 2 other 

original faces. Five other morphed faces between the 2 non-target original faces were also 

displayed in the circular array, these morphs were not generated from the target face. The 

entire circular array was randomly rotated in every trial in order to avoid learning that would be 

specific to the position of the original faces. The non-mnemonic block consisted of 30 trials in 

which a single face (inverted in half of the trials) was presented simultaneously with the circular 

array of 18 faces. Participants were instructed to select the identity of the face on the report 

circle (see Figure 1). 

 

 

 

Figure 1. (A) Experimental design of one mnemonic trial (with a retention interval). A single target face (upright or 
inverted) was presented, followed by 1 or 6 seconds of a blank retention interval. Then, a circular array of 18 
alternatives was displayed and the participants were required to select the face that was identical to the target face. 
(B) The experimental design of one trial of the simultaneous condition (non-mnemonic trial) in which no retention 
interval was introduced between display and report.  



Each participant performed 3 memory blocks and one non mnemonic block, each included 30 

trials. Each memory block was composed of all conditions (half with a 1 second delay and half 

with a 6 seconds delay. Each trial was randomly assigned to the upright or the inverted condition). 

Trials were displayed in random order and none of the faces was repeated within a block. 

 

To ensure participants’ engagement in the task, a feedback was presented every 10 trials, 

depicting the average error rate on the last 10 trials (the error rate calculation is described in the 

data analysis section). A score of 100 was given if the participant's average magnitude of errors 

was less than 1 across the last 10 trials, and the score decreased with an increased error rate to 

a score of 60. 

 

2.4 Analysis 
 

Many studies have divided the distribution of errors to a uniform component (reflecting no 

access to the memory representation), and a Gaussian component around the correct item 

(reflecting precision errors). However, such an analysis was criticized as it might lead to 

erroneous conclusions when a non-Gaussian distribution of errors is simulated (Ma, 2018).  

 

Moreover, this modelling and data-fitting approach is less appropriate here as the error 

distribution is not likely to be smooth and cyclic as in the previous studies using simpler 

features (e.g. orientation, Pertzov & Husain, 2014). Furthermore, in previous studies using 

other stimulus domains, the similarity between the target and the items in the reporting scale 

gradually changed across the entire scale. In contrast, in the current experiment, only some of 

the stimuli were similar to the target object (all morphs that include the target face) and other 

stimuli were not systematically related to the target item (the 2 non-target original faces and all 

the morphs between them). 



 

 

To address such criticism and methodological differences from previous studies, we followed 

Ma’s (2018) recommendations and used a non-parametric measure of error – the mean 

precision error and the proportion of random errors. This approach avoids the use of mixture 

modelling for assessing the uniform component and the precision errors. Hence, we explored 

the different types of errors directly using the following approach (as performed before in Krill, 

Avidan, & Pertzov, 2018): First we analyzed the Mean raw error by simply averaging errors of 

all magnitudes and of all trials within a condition. Next, we extracted two summary statistics 

from each distribution of errors: (1) Proportion of random errors: when a participant selected a 

face from the circle that did not have any resemblance to the target face [morph did not 

include any fraction of the target face (errors 6,7,8,9 in absolute value)]. In such cases, we 

Figure 2 – Analysis technique. (A) The circular report array comprised of 18 faces. The three original (un-morphed) faces are marked by 
red rectangular frames (colored circles, frames and text were not displayed in the experiment). In this example, face '0' was used as 
the target face on which the participant was required to report, hence it is considered as the correct answer. Faces 6 and -6 are the 
other two original faces, and all the faces between them are linear morphs between the two original faces. Selection of a face that was 
generated from a morph with the target face and therefore had some resemblance to it (-5 to 5) was treated as a precision error. 
Selection of a face that was not generated from a morph with the target face and therefore had no resemblance to it (errors above 5 
and below -5) was treated as a random error. (B) An example of an error distribution in one condition (Upright face, long retention 
interval) for controls (upper distribution) and CPs (lower distribution). In accordance with the color code used in panel A, precision 
errors are illustrated in green and random errors in pink. 

 



assumed that the participant did not remember the target face, and therefore just guessed. To 

obtain a proportion value, the number of such errors was divided by the overall number of 

trials. (2) Mean precision error was calculated based on trials in which a participant reported a 

face that had some resemblance to the target face (i.e. was a morph of the target face). In such 

cases, we assumed that participants had some recollection of the target face. To quantify the 

degree of precision we averaged the magnitude of the absolute errors (range of 0 to 5). Note 

that when participants did not have any recollection of the target face they were likely to guess 

a random face and therefore sometimes report a face with some resemblance to the target 

face. Therefore, the number of random errors per bin (average number of errors of 6,7,8,9 in 

absolute value) was subtracted from the precision errors, and added to the proportion of 

random errors (see uniform distribution colored in pink in Figure 2B).  

Note that the two summary statistics, Proportion of random errors (1) and mean precision error 

(2), are somewhat independent of each other. The proportion of random errors is sensitive only 

to the proportion of trials defined as random while mean precision error is sensitive to the 

magnitude of errors, which is related to the shape of the error distribution rather than to the 

proportion of trials in it. Thus, it is reasonable that an experimental manipulation would 

modulate the proportion of random errors but not the mean precision error, and vice versa. 

For statistical analysis, we applied a repeated measures omnibus ANOVA with face orientation 

(upright or inverted) and retention interval (simultaneous, 1 or 6 seconds) as within-subject 

factors, and group (CPs or Controls) as between-subject factor. The dependent variables were 

mean raw error, proportion of random errors and mean precision error.  We conducted a 

separate repeated measure ANOVAs for each dependent variable.  

Note that the perceptual condition is different than the mnemonic conditions not only in terms 

of the duration of the retention interval, but also in the requirement to encode the target face 

into memory. Therefore, the difference between the simultaneous and the 1s delay condition 

includes encoding into memory, as well as maintaining the information for 1 second. On the 

other hand, the comparison between 1 to 6 seconds delay captures only memory maintenance 

processes (forgetting). Thus, as the omnibus ANOVA revealed an effect of delay, we continued 

by reporting the results of 2 follow-up ANOVA tests. One test included the simultaneous and 1 



second delay, capturing the effect of encoding the face into memory as well as maintaining it 

for 1 second. The other test included the memory conditions (1 and 6 seconds) in order to 

directly address forgetting patterns.  Additionally, as an interaction was observed in the 

omnibus ANOVA, we further probed it by separate analyses for the two groups/orientations. 

Finally, because the focus of this study was the comparison between CPs and controls, we also 

performed pre-planned comparisons (two tails t-tests) between the two groups across all 

retention-intervals and orientation conditions. Moreover, because this study also focused on 

the inversion effect in CPs and controls, we performed preplanned comparisons (two tails t-

tests) between performance in upright and inverted faces, for CPs and controls, for all 

experimental conditions. To better convey the relations between all analyses, in the Results 

section, we report the probing of the ANOVAs and planned comparisons in an embedded, 

rather than a purely serial manner, with the results of the omnibus ANOVA.  

 

We also report a Bayesian mixed models ANOVA (JASP Version 0.10.0). As the number of 

possible models in a 3 way ANOVA is too large to consider each model individually, following 

Wegenmakers and colleagues’ recommendations (van den Bergh et al., 2019), we report the 

inclusion Bayes factor (BFincl) of each main effect and interaction. The BFincl quantifies the 

evidence in the data for the existence of an effect or interaction in the model. The prior 

inclusion probability is the sum of the prior probabilities of all models that include the 

effect/interaction under consideration. Similarly, the posterior inclusion probability is the sum 

of the posterior probabilities of all models that include the effect/interaction under 

consideration. The inclusion Bayes factor, defined as the change from prior inclusion odds to 

posterior inclusion odds, can be interpreted as the evidence in the data for including an effect 

or interaction (van den Bergh et al., 2019), similar to BF10 in the case of simple comparisons. 

Therefore, the conventions used to interpret strong/anecdotal support in BF10  apply also to 

BFincl. Further information regarding interpretation of Bayesian ANOVA is provided by van den 

Bergh et al., (2019). We also supplemented our simple hypothesis tests (t-tests) by reporting 

the BF10 that quantifies the extent of support the data provides to the existence of an effect 

over the null hypothesis. Data and analysis script are available in https://osf.io/j47w2/. No part 

https://osf.io/j47w2/


of the study procedures was pre-registered prior to the research being conducted, however, all 

analyses and experimental procedures followed our previous study published in Krill, Avidan, & 

Pertzov, (2018). 

 

3. Results 

3.1 Mean raw error 

 
First, before extracting the distribution of errors to precision and random errors, we analyzed the 

mean magnitude of all the errors using a repeated measures ANOVA with retention-interval 

(simultaneous, 1 and 6 seconds) and orientation (upright vs inverted) as within participant factors 

and group (Controls vs CPs) as between participants factor.  

Errors were larger when inverted faces were displayed [orientation: F(1, 22) = 29.6, p < 0.001, 

η𝑝
2 = 0.57, BFincl > 1000]. This orientation effect echoes the face inversion effect, that is, the 

disruption of face processing due to inversion compared with the effect of this manipulation on 

other objects (Yin, 1969). This effect, which is considered a hallmark of face perception, was 

evident mostly in controls and to a much lesser extent in CPs, as reflected by a group x orientation 

interaction [F(1,22) = 5.2, p = 0.03, η𝑝
2 = 0.19, BFincl = 4.7] and stronger effect of orientation in 

controls [F(1, 16) = 43.7, p < 0.001, η𝑝
2 = 0.73, BFincl > 1000] than in CPs [F(1, 6) = 6.5, p = 0.04, 

η𝑝
2 = 0.52, BFincl = 1.1]. 

To further explore the inversion effect in CPs and controls in the different experimental 

conditions we performed preplanned t-tests and Bays-Factor analysis to compare the 

performance on upright and inverted faces. In controls, the mean raw error in reporting inverted 

faces was larger than upright faces in all retention interval conditions (Simultaneous: t(16) = 3.01, 

p = 0.007, BF10 = 7.03; 1 second: t(16) = 5.88, p < 0.001, BF10 = 1000; 6 seconds: t(16) = 5.00, p < 

0.001; BF10 = 224). However, the face inversion effect was not observed in CPs in any condition 

(Simultaneous: t(6) = 0.77, p = 0.47, BF10 = 0.49; 1 seconds: t(6) = 1.39, p =0.21, BF10 = 0.71; 6 

seconds: t(6) = 1.24, p = 0.26; BF10 = 0.62). As the inversion effect was evident in controls across 

all retention intervals, even in the simultaneous condition, the more accurate memory reports of 

upright faces in controls could be attributed to a more efficient visual processing of upright faces 



(see also Krill, Avidan, & Pertzov, 2018). In contrast, CPs exhibited a much weaker inversion 

effect, also in the simultaneous condition, suggesting that they do not benefit from the more 

efficient visual processing of upright faces, as controls do.  

 

Figure 3 – Mean Raw Error for upright and inverted faces across retention intervals in controls (dark grey) and CPs 

(light grey). Mean raw error is denoted in morph level units (see Figure 2). Error bars indicate standard error of the 

mean across participants. 

Larger errors following longer retention intervals indicate that access to information is lost with 

time, i.e., forgotten. As expected, the main effect of retention interval was significant [F(2, 44) = 

81.6, p < 0.001, η𝑝
2 = 0.79, BFincl > 1000]. To further examine if the effect of retention interval 

arises from encoding information into memory and maintaining it for one second, or from 

maintaining it for the rest of the retention interval, we report the results of 2 follow-up ANOVAs. 

One includes only the simultaneous and 1 second delay, capturing the effect of encoding the face 

into memory as well as maintaining it for 1 second. The other includes the two memory 

conditions (1 and 6 seconds) in order to directly address forgetting across these 5 seconds. As 

could also be seen in Fig 3, the effect of retention interval is observed mainly in the first interval 



[F(1, 22) = 95.8, p < 0.001, η𝑝
2 = 0.81, BFincl > 1000], and not in the second one [F(1, 22) = 2.4, 

p = 0.13, η𝑝
2 = 0.11, BFincl = 0.24]. 

 

CPs’ performance was more affected by the retention intervals as reflected by a significant group 

X retention-interval interaction [F(2, 44) = 3.5, p = 0.04, η𝑝
2 = 0.14, BFincl = 3.9] and stronger 

effect of retention interval in CPs [F(2, 12) = 35.5, p < 0.001, η𝑝
2 = 0.85;  BFincl > 1000] than in 

controls [F(2, 32) = 48.5, p < 0.001, η𝑝
2 = 0.75, BFincl > 1000].  

The effect of group was not significant [F(1, 22) = 2.5, p = 0.13, η𝑝
2 = 0.10, BFincl = 4.7] nor the 

interaction between retention-interval X orientation [F(2, 44) = 2.6, p = 0.08, η𝑝
2 = 0.11, BFincl =

3.8], nor the three way interaction of group X retention-interval X orientation [F(2, 44) = 0.5, p = 

0.60, η𝑝
2 = 0.02, BFincl = 1.7]. 

Finally, we performed planned comparisons between performance of CPs and controls in each 

condition. In the simultaneous condition, performance was not significantly different in the two 

groups (Upright: t(22) = 0.50, p = 0.63, BF10 = 0.43; Inverted: t(22) = -0.36, p = 0.72, BF10 = 0.42), 

however CPs were worse than controls when reporting upright faces following 1 second 

retention interval (t(22) = 2.12, p = 0.04, BF10 = 1.80) and moreover following 6 seconds (t(22) = 

2.95, p = 0.008, BF10 = 6.26). CP deficits were not observed for inverted faces (1 second: t(22) = 

0.29, p = 0.77, BF10 = 0.41; 6 seconds: t(22) = 1.08, p = 0.29, BF10 = 0.60). Thus, CPs exhibit larger 

errors, compared to controls, mainly when upright faces had to be remembered for 1 or 6 

seconds, but not during the simultaneous condition or when inverted faces were displayed.  

 

Next we wanted to examine the type of errors that characterize CPs’ deficit in maintaining faces 

in memory. Random errors are uniformly distributed errors originating from a complete failure 

to access information regarding the probed face (and therefore the reports are spread randomly 

over the reporting scale). Precision errors are errors that are distributed around the correct face 

in memory, reflecting some rudimentary recollection of the face.  

 



3.2 Random errors 

The pattern of results of the random errors was very similar to the overall pattern of the mean 

raw error. As in the mean raw error, the main effect of face orientation was significant [F(1, 22) 

= 25.8, p < 0.001, η𝑝
2 = 0.54, BF incl > 1000] as well as the group x orientation interaction 

[F(1,22) = 5.2, p = 0.03, η𝑝
2 = 0.18, BF incl = 4.9]. As in the mean raw error, the effect of 

orientation was stronger in controls [F(1, 16) = 40.2, p < 0.001, η𝑝
2 = 0.71, BF incl > 1000] than 

in CPs [F(1, 6) = 4.7, p = 0.07, η𝑝
2 = 0.44, BFincl = 0.6]. 

To further explore the inversion effects in CPs and controls we performed planned comparisons 

between the reports of upright and inverted faces. In controls, the number of random errors in 

reporting inverted faces was much larger than upright faces following both retention intervals, 

but not in the simultaneous condition (Simultaneous: t(16) = 1.69, p = 0.11, BF10 = 0.81; 1 second: 

t(16) = 5.40, p < 0.001, BF10 = 454; 6 seconds: t(16) = 4.10, p < 0.001; BF10 = 44). In CP, however 

only a weak face inversion effect was observed following a 1 second retention interval and no 

effect was observed in the 6 seconds retention interval nor in the simultaneous condition 

(Simultaneous: t(6) = -0.37, p = 0.72, BF10 = 0.37; 1 second: t(6) = 2.68, p =0.037, BF10 = 2.50; 6 

seconds: t(6) = 0.86, p = 0.42; BF10 = 0.47). 

Forgetting was reflected as a significant main effect of retention interval [F(2, 44) = 42.2, p < 

0.001, η𝑝
2 = 0.67, BFincl > 1000]. As in the raw errors, the effect of retention interval was mainly 

observed in the first interval [F(1, 22) = 44.1, p < 0.001, η𝑝
2 = 0.67, BFincl > 1000], rather than in 

the second one [F(1, 22) = 2.8, p = 0.11, η𝑝
2 = 0.11, BFincl = 0.24]. 

Somewhat similar to the raw error analysis, the effect of retention interval was more prominent 

in CPs as suggested by the group X retention interval interaction that failed to reach significance 

[F(2, 44) = 2.7, p = 0.08, η𝑝
2 = 0.11, BFincl = 2.3].  

Controls exhibited a significant interaction between face orientation and retention-interval [F(2, 

32) = 9.0, p < 0.001, η𝑝
2 = 0.35, BFincl = 269], reflecting steeper effect of retention interval when 

reporting inverted compared to upright faces. On the other hand, CPs did not exhibit different 

effects of retention interval for inverted and upright faces [F(2, 12) = 0.8, p = 0.5, η𝑝
2 =

0.11, BFincl = 0.7]. 



The effect of group was significant [F(1, 22) = 5.7, p = 0.03, η𝑝
2 = 0.21, BFincl = 5.3] reflecting 

CPs’ tendency to make more random errors. The interaction between retention-interval X 

orientation was also significant [F(2, 44) = 5.8, p = 0.006, η𝑝
2 = 0.22, BFincl = 144] reflecting 

stronger effect of retention interval when inverted faces were memorized. The three way 

interaction of group X retention-interval X orientation was not significant [F(2, 44) = 0.4, p = 0.70, 

η𝑝
2 = 0.02, BFincl = 1.6]. 

To further explore the CP related deficits in the different experimental conditions we performed 

direct comparisons between the performance of CPs and controls in all conditions. In all retention 

intervals, CPs made more random errors than controls when reporting upright faces 

(Simultaneous: t(22) = 2.39, p = 0.03, BF10 = 2.6; 1 second: t(22) = 2.40, p = 0.03, BF10 = 2.7; 6 

seconds: t(22) = 3.6, p = 0.002, BF10 = 20.2). However when faces were inverted CPs were not 

significantly different from controls in all retention interval conditions (Simultaneous: t(22) = 

0.40, p = 0.69, BF10 = 0.4; 1 second: t(22) = 0.14, p = 0.89, BF10 = 0.4; 6 seconds: t(22) = 1.18, p = 

0.25, BF10 = 0.7).  

  



 

Figure 4. Proportion of random errors for upright and inverted faces across retention intervals. Conventions as in 

Figure 3. 

As in the raw errors, CPs and Controls exhibited a similar number of random errors when inverted 

faces were displayed, but more errors when upright faces were displayed, especially following 

longer retention intervals.   

 

 

3.3 Precision errors 

 

The pattern of precision errors was completely different from that of raw and random errors. The 

only significant effects were of the orientation [F(2, 24) = 12.7, p = 0.002, ɳ2 = 0.36, BFincl = 10] 

and retention interval [F(2, 44) = 28.9, p < 0.001, ɳ2 = 0.57, BF incl > 1000]. As in the raw and 

random errors, the effect of retention interval was mainly observed in the first interval [F(1, 22) 

= 46.2, p < 0.001, η𝑝
2 = 0.68, BFincl > 1000], but not in the second one [F(1, 22) = 0.1, p = 0.75, 

η𝑝
2 = 0.004, BFincl = 0.26]. 

 



The main effect of group was not significant [F(2, 22) = 0.01, p = 0.80, ɳ2 = 0.003, BF incl = 0.3] 

nor any interaction [retention-interval X orientation F(2, 44) = 0.8, p = 0.45, η𝑝
2 = 0.04, BFincl =

0.4; retention-interval X group F(2, 44) = 2.2, p = 0.12, η𝑝
2 = 0.1, BFincl = 0.5; group X orientation 

F(1, 22) = 0.7, p = 0.41, η𝑝
2 = 0.03, BFincl = 0.2; group X retention-interval X orientation F(2, 44) 

= 0.4, p = 0.70, η𝑝
2 = 0.02, BFincl = 0.04]. 

 

Thus, consistent with Krill et al (2018), both CPs and controls were more precise in the 

simultaneous relative to the mnemonic conditions and maintaining the faces in memory for more 

than 1 second did not significantly affect precision of recall. Upright faces lead to more precise 

reports than inverted faces. The two groups did not differ significantly in any of the conditions.  

 

Figure 5. Precision errors for upright and inverted faces across retention intervals. Conventions as in Figure 3. 

Taken together, the similarity between the mean raw error and the random errors and the 

absence of a group difference in the mean precision error, most likely indicates that in CPs, face 

information is not accessible to the level of reporting required in this paradigm (and therefore 



random faces are selected). However, when the face information is accessible it is as precise as 

in controls. 

 

3.4 Response time 

 

Participants were instructed to report as accurately as they can, regardless of time (but respond 

within a time frame of 25 seconds). The only significant main effect of RT was the retention 

interval [F(2, 44) = 52.6, p < 0.001, ɳ2 = 0.70, BF incl > 1000]. The effect of retention interval was 

observed in the first interval [F(1, 22) = 60.4, p < 0.001, η𝑝
2 = 0.73, BFincl > 1000], as well as in 

the second one [F(1, 22) = 21.5, p < 0.001, η𝑝
2 = 0.49, BFincl = 925]. RTs were slower in the 

simultaneous compared to the mnemonic conditions, and slower following 6 seconds than 

following one second. Note that in the simultaneous condition the target face was displayed 

during the entire reporting phase, allowing the participants to correct their reports until it 

seemed to match to the (visible) target face. This correction procedure takes time hence leading 

to slower reports. Retention interval also interacted with group [F(2, 44) = 3.7, p = 0.03, ɳ2 = 0.14, 

BF incl = 8.7] reflecting larger effect of retention intervals in CPs [F(2, 32) = 42.9, p < 0.001, η𝑝
2 =

0.88, BFincl > 1000] than in controls [F(2, 32) = 22.6, p < 0.001, η𝑝
2 = 0.59, BFincl > 1000].   

None of the other effects or interactions were significant [group F(1, 22) = 0.004, p = 0.95, η𝑝
2 <

0.01, BFincl = 2.4; orientation F(1, 22) = 0.2, p = 0.66, η𝑝
2 = 0.01, BFincl = 0.15; retention-

interval X orientation F(2, 44) = 1.7, p = 0.20, η𝑝
2 = 0.01, BFincl = 0.14; group X orientation F(1, 

22) = 1.4, p = 0.25, η𝑝
2 = 0.06, BFincl = 0.19; group X retention-interval X orientation F(2, 44) = 

0.03, p = 0.97, η𝑝
2 < 0.01, BFincl = 0.05]. 

Preplanned comparisons revealed no significant differences between CPs and controls in all 

conditions (ts(22) < 1.2, ps > 0.2, BF < 0.7). 



 

Figure 6. Response time for upright and inverted faces across retention intervals. Conventions as in Figure 3. 

4. Discussion 

CPs and controls performed a novel, single face, delayed estimation task with variable retention 

intervals. While controls exhibited smaller raw errors and fewer random errors when reporting 

upright compared to inverted faces, CPs exhibited no inversion effect across all retention 

intervals, including the simultaneous condition. CPs also exhibited a stronger effect of retention 

interval compared to controls, mainly for upright faces, and mainly when considering the first 

retention interval, leading to significantly worse performance already following 1 second 

retention interval and more so following 6 seconds. This is the first study to use a single task 

that probes strictly visual processing of faces among CPs, as well as performance following 

short retention intervals. The stronger effect of retention interval exhibited by CPs compared to 

controls, as well as the significant group x retention interaction, therefore comprise the first 

direct behavioral evidence for abnormal forgetting and/or memory encoding in CPs. Because 

the impairment in CPs arises mainly in the mnemonic conditions and less so in the simultaneous 

one, it could be due to impaired encoding (Bays et al., 2011), consolidation (Ricker & Cowan, 



2014), maintenance (Pertzov et al., 2017) or retrieval from memory. We elaborate on these 

different options below. We note that we use the term rapid forgetting in a descriptive way, 

which captures the decline in performance following longer retention intervals and we do so 

without committing to any specific underlying-process. What could account for the rapid 

forgetting in CPs?   

Our current data, as well as our previous study (Krill et al., 2018), reveal that control 

participants forget upright faces slower compared to inverted ones, presumably due to the 

utilization of a face specific memory system (Salmela et al., 2019), or to perceptual expertise 

and experience with faces that enhance memory performance (Curby et al., 2009). CPs seem to 

forget both upright and inverted faces to a similar extent, which is similar to the pattern of 

forgetting exhibited by controls for inverted faces. Thus, the rapid forgetting of upright faces in 

CPs may be related to the absence of the privileged internal representation of upright faces in 

controls. If CPs process, encode and maintain upright faces in their memory similarly to the way 

inverted faces are processed, encoded and maintained, then they are expected to forget 

upright faces to a similar extent. This account is supported by the finding that even in the 

simultaneous condition CPs exhibit no inversion effect, in contrast to controls.  

 

What might lead to such a difference in the forgetting rate of upright faces in CPs? 

One option is that due to impaired encoding (Shah et al., 2015; Jakson et al.,2017) or 

consolidation (Ricker & Cowan, 2010), representation of upright faces in memory is noisier in 

CPs compared to controls. Following noisier encoding/consolidation, it is conceivable to 

conjecture that the memory representation of faces in CPs will be less precise (Bays, 2014; Bays 

& Husain, 2008) and this, in turn, will lead to imprecise reports in a delayed estimation task and 

to impaired recognition of faces in real world scenarios. 

While this explanation is theoretically feasible, it is less likely to account for the present results. 

Since noisier encoding presumably leads to precision errors, in this scenario, one would expect 

a broader and less precise distribution of reports in CPs compared to controls. However, the 

magnitude of the small precision errors due to reports of faces that resemble the target face is 



not different across both groups. The impairment seems to originate from larger, random 

errors, in which subjects report faces that do not resemble the face in memory.  

 

The striking difference between the groups in the number of random errors (errors that do not 

include any bias towards the target face) suggests that the impairment is associated with an 

inability to retrieve the face representation from memory. Such inability could arise from 

several reasons. It could be related to a complete loss of the memory representation (e.g. 

Zhang & Luck, 2009), to a loss in the associations that bind together the different face features 

(e.g. Pertzov et al., 2017) or to an intact memory representation but a temporary failure to 

access it. Based on the current experiment, we cannot equivocally distinguish between these 

different proposed mechanisms. In fact, memory researchers have claimed that it is impossible 

to distinguish between a failure to access a representation or its complete loss (Smith & Vela, 

2001). The inability to access the correct representation, or its complete loss, might also be due 

to an interference from the multiple faces displayed during the retrieval stage. A fragile 

representation of upright faces in CPs may be more vulnerable to interference from other faces 

that are fixated and appraised at retrieval. Thus, the larger number of random errors might 

reflect greater overwriting over the stored upright faces in CPs. Regardless of the exact 

mechanism leading to impaired access to stored representation of upright faces in CPs, the 

similarity between the forgetting pattern of upright faces in CPs and the forgetting patterns of 

inverted faces in both CPs and controls suggests that CPs encode, forget and retrieve upright 

faces as if they were inverted faces. Thus, the more holistic processing of upright faces in 

controls leads to better encoding and maintenance over a few seconds. This beneficial 

processing might be impaired in CPs leading to impaired encoding and rapid forgetting of 

upright faces (note that some level of holistic processing may be evident also with inverted 

faces; Susilo, Rezlescu, & Duchaine, 2013).  

 

The increased number of random errors, as well as the absence of an inversion effect in the 

simultaneous condition in CPs, compared to controls, suggests that upright faces might already 

be processed differently in CPs. Impaired processing may lead to hampered encoding, which in 



turn, may lead to unstable representation and enhanced forgetting, as reflected by a stronger 

effect of retention interval.  The conclusions here are consistent with those discussed in the 

context of the Other Race Effect (ORE). Emrich and colleagues (Zhou et al., 2018) have recently 

used a similar delayed estimation paradigm with faces that either matched the observers’ race 

or not. They concluded that the “ORE is caused by a failure to rapidly consolidate other-race 

faces into coherent and stable representations in visual working memory” (Zhou et al., 2018, p. 

709). The ORE effect is thought to be driven by differences in the extent of exposure to faces 

from other races. Thus, the data here suggest that the deficit in face recognition in CPs might 

be similar to the deficit that results from decreased exposure, as is the case for other races. 

Clearly CPs are exposed to faces to a similar extent as controls, however, a failure to 

accumulate information from previous encounters might lead to a forgetting behavior that 

resembles rapid forgetting due to ORE. Learning a new face and familiarizing with it requires 

accumulating information on the face from different viewpoints, viewing conditions and time 

points (Burton et al., 2016). Thus, a failure to maintain recently viewed faces is destined to 

impair the accumulation of information on a face and therefore to hamper the basis of learning 

seen faces and recognize them later on.  

 

Age clearly affects performance in standard face recognition tasks (e.g. Bowles et al., 2009; 

Germine et al., 2011) and general face processing abilities are known to deteriorate with age 

(Thomas et al., 2008). The current study was not optimally designed to examine age effects and 

it is still unknown how age might influence the various measures captured in this novel task. 

We note however, that the group effects reported in the study could not be easily attributed to 

age differences as the age distribution in both CP and control groups was not significantly 

different (as corroborated with Frequentists and Bayesian analyses; the difference between 

groups average age was less than third of the standard deviation of each group). Furthermore, 

the CP individuals were not equally impaired across all experimental conditions but rather, 

showed an accentuated deficit when upright faces were presented in the mnemonic conditions. 

Such a specific impairment is unlikely to originate due to ageing.  

 



Enhanced forgetting of face information in CPs is consistent with the conclusions of 

neuroimaging studies suggesting that individuals with CP (Avidan & Behrmann, 2014; Towler et 

al., 2017) suffer from a “disconnection syndrome” between early visual processing of a face and 

post-perceptual semantic identity nodes. Basic face processing in CPs seems to be relatively 

unimpaired when measured either with EEG (Towler et al., 2017) or fMRI (Avidan et al., 2005; 

Avidan & Behrmann, 2009). However, abnormalities seem to arise mostly at later stages of 

processing and could be evident in response magnitude, selectivity (Avidan & Behrmann, 2009, 

Avidan et al., 2014) or timing (Towler et al., 2017). Moreover, beyond such abnormal 

responses, the functional connectivity between nodes of the face processing network seems to 

be altered (Avidan et al., 2014; Rosenthal et al., 2017). These findings are consistent with the 

well-established notion that memory involves coordinated activity in a network of cortical 

regions (Fuster, 1997), implying that remembering faces across retention intervals requires the 

coordinated activity within an extended network of brain regions. Indeed, when CPs were 

required to retain faces across short retention intervals, prefrontal regions which are related to 

short-term memory were more activated than in controls (Avidan, Hasson, Malach, & 

Behrmann, 2005).  

 

To conclude, CP exhibit rapid forgetting of upright faces, similar to the way inverted faces are 

forgotten. Such forgetting is reflected by decreased probability to access the correct face in 

memory. Rapid forgetting could be explained by an impairment in visually processing and 

encoding upright faces in a holistic manner.   
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