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Abstract 

People with epilepsy often report experiencing memory problems though these are not 

always detectable using standard neuropsychological measures. One form of difficulty that 

may be relatively prevalent in epilepsy is termed accelerated long-term forgetting (ALF), 

typically described as relatively greater loss of memory over days or weeks following initial 

encoding. The current study used remote assessment to examine memory and forgetting over 

one week in a broad community sample of people with epilepsy and healthy control 

participants, using two recently developed tests, one verbal (the Crimes test) and one visual 

(the Four Doors test). These were administered as part of a short battery of cognitive 

measures, run remotely with participants over Zoom. Across this community-derived sample, 

people with epilepsy reported more memory complaints and demonstrated significantly faster 

forgetting on both the verbal and visual tests. This difference was not attributable to level of 

initial learning performance and was not detectable through delayed recall on a standard 

existing test. Our results suggests that ALF may be more common than suspected in people 

with epilepsy, leading to a potentially important source of memory problems that are 

currently undetected by standard memory tests. 
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Detecting accelerated long-term forgetting remotely in a community sample of people with 

epilepsy: Evidence from the Crimes and Four Doors tests 

Sergio Della Sala (2010) observed in the editor’s preface to “Forgetting” that, despite its 

importance, it has been neglected in comparison with other features of memory.  The 

collection of papers from the major contributors to the field proved timely with the 

subsequent decade seeing a gradual increase in work on forgetting as summarized in a recent 

overview (Della Sala et al., 2024). The current paper stems from a phenomenon described in 

the chapter by Butler et al. (2010), who report cases of accelerated long-term forgetting 

(ALF). Patients with ALF show rapid forgetting over days or weeks, in some cases despite 

apparently normal initial learning (Fitzgerald et al., 2013; Mameniškiene  ̇et al., 2020). This 

is potentially important, both theoretically in distinguishing learning from forgetting 

processes and practically since clinical assessments of memory do not typically test at delays 

more than an hour and may thus fail to detect important memory problems. 

There is therefore an urgent need to supplement existing clinical memory tests with 

one or more measures that can be applied repeatedly to individual patients after successive 

delays. As Sergio Della Sala observes in a recent review of the topic (Della Sala et al, 2024), 

attempting to address this problem reveals two major problems. The first concerns the basic 

issue of how to measure forgetting, particularly when comparing patients or groups differing 

in initial learning capacity. This in turn interacts with assumptions regarding the processes 

underlying the forgetting function and whether it involves unitary, dual, or multiple 

processes. A clinical measure of forgetting that varies depending on the tester’s theoretical 

assumptions is clearly unsatisfactory. Attempts to resolve this methodological controversy 

are currently progressing with the contributions of Sergio and colleagues playing a sustained 

part (e.g., Dewar et al., 2007; Hoefeijzers et al., 2013; Rivera-Lares et al., 2022, 2023; 

Sacripante et al., 2023; Stamate et al., 2020; see Della Sala et al., 2024).  
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The second concerns the practical issue of developing measures that allow repeated 

testing, given that the process of testing memory may influence subsequent retention either 

positively (e.g. through retrieval practice; e.g. Karpicke & Roediger, 2008) or negatively 

through interference with subsequent recall of untested items (e.g. through retrieval induced 

forgetting; e.g. Anderson et al., 1994). Although this might be dealt with by testing separate 

groups of participants at each delay, this is not of course possible when testing forgetting in a 

single patient. One way of minimizing effects of repeated retrieval within individuals is to 

test a different sample of the learned material after each delay (e.g. Baddeley et al., 2021; 

Contador et al., 2021; Huppert & Piercy, 1979; Huppert & Kopelman, 1989). This, however, 

demands initial acquisition of a substantial amount of material which may prove problematic 

for both typical and atypical groups. One possible solution is to enhance performance by 

using meaningful material and cued recall, as in the recently developed Crimes (Baddeley et 

al., 2014) and Four Doors (Baddeley et al., 2019) tests. These consist of (respectively) four 

short vignettes describing relatively minor fictional crimes, or four visual scenes consisting of 

doors of different styles and colors. The varied pattern of detail within a consistent format 

allows a matrix structure of cued recall questions to be applied across test sessions, such that 

associations between features can be probed multiple times with no repetition of individual 

questions. These can be used to track initial retention and subsequent forgetting of verbal or 

visual information. The use of visual and verbal tasks also helps ensure that any observed 

deficits are not material- and/or modality-specific (Elliott et al., 2014). 

These tests have shown promise in healthy adults (Allen et al., 2019; Baddeley et al., 

2014, 2019) but it is important to extend them to use with groups for whom ALF may be a 

common problem. One such group is epilepsy. Difficulties with memory represent one of the 

most common forms of subjectively experienced complaint in epilepsy (Illman et al., 2012; 

Thompson & Corcoran, 1992). However, subjective complaints are often poorly correlated 

https://www.sciencedirect.com/science/article/pii/S0010945221002197#bib29
https://www.sciencedirect.com/science/article/pii/S0010945221002197#bib3
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with objective measures in epilepsy (Hall et al., 2009; Piazzini et al., 2001; Thompson & 

Corcoran, 1992), with subjective memory problems often attributed to factors such as anxiety 

or depression (Hall et al., 2009; Lemesle et al., 2022). This may partly reflect the limited 

retention periods typically used in current standard neuropsychological tests of memory, 

which do not usually assess memory retention over extended delays of days or weeks (Butler 

& Zeman, 2008; Fitzgerald et al., 2013). A cognitive phenotype involving memory (and 

language) impairments can be identified in subgroups of epilepsy patients using standard 

measures implemented within a single session (Baxendale & Thompson, 2020), but problems 

with long-term forgetting are unlikely to be detected without use of extended tests. 

ALF may be more prevalent in temporal lobe epilepsy (Miller et al., 2017; Mulhert et 

al., 2011), particularly when damage is bilateral (Kemp et al., 2012), although it has been 

observed in other forms of epilepsy (Davidson et al., 2007; Miller et al., 2017; Puteikis et al., 

2022; Ricci et al., 2019). It remains unclear whether a degree of ALF is a common and hence 

important feature of epilepsy, however (Butler & Zeman, 2008; Mameniškiene  ̇et al., 2020), 

and several studies have suggested that the ALF pattern is not consistently observed in all 

such patients (Cassel et al., 2016; Cassel and Kopelman, 2019; Contador et al., 2017; Evans 

et al., 2014; Miller et al., 2017; Mulhert et al., 2011). For example, Contador et al. (2021) 

found no evidence of differential forgetting of stories and routes over a day or a week, in a 

group of patients with temporal lobe epilepsy, compared to controls. Thus, the extent to 

which ALF is reliably observed in patients with epilepsy remains to be fully established. 

Given apparent heterogeneity of forgetting patterns within epilepsy, the mixed findings that 

have been reported, and neuropsychological assessments that typically test memory after a 

relatively short delay, the importance of developing appropriate methods of measuring 

forgetting for the detection of possible in epilepsy is clear.  
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The Crimes and Doors tests have so far only been minimally applied in people with 

epilepsy. Drane (2014, unpublished thesis) found possible evidence for ALF over a one-week 

delay using the Crimes test in a small group of patients with late-onset TLE, although 

interpretation was limited by ceiling effects for the healthy individuals. More recently, 

Laverick et al. (2021) found evidence of ALF over a one-week period on the Crimes and 

Four Doors tests in a sample of 14 clinically derived epilepsy patients. In both cases, 

evidence indicated that faster forgetting may be relatively common in epilepsy, rather than an 

exceptional feature.  However, further research in larger samples is required to establish 

reliability across different population and testing contexts. In addition, there are no data on 

the use of these tests with community-derived samples of people living with chronic epilepsy, 

a group that commonly reports problems with memory and cognition (Fisher et al., 2000).  

The present study therefore has several broad aims. Firstly, we wanted to apply the 

Crimes and Four Doors tests to a community-derived sample of people with epilepsy. We do 

not attempt to resolve the various questions concerning the nature of ALF, whether it 

comprises one, two or more types, or its prevalence within the population, but instead have 

the more pragmatic aim of developing two promising tests by applying them to a broad 

sample of patients with epilepsy.  This is a necessary stage if the tests are to prove useful in 

clinical practice. Although we do not aim to establish prevalence, we hope to gain some 

indication of overall likelihood of ALF across a broader epilepsy population and throw light 

on the extent to which ALF is a frequent source of memory complaints, rather than a rare but 

theoretically important occurrence. This would have implications for the likely extent of 

memory problems that may not be detected by current tests and suggest a possible need for 

testing as part of standard memory assessment in epilepsy or indeed potentially more widely. 

Our second aim was to develop and evaluate the feasibility of remote testing versions 

of Crimes and Four Doors. Remote ‘teleneuropsychology’ is a growing area of interest in 
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neuropsychological assessment, with studies beginning to explore and establish its use in 

clinical contexts (e.g. Adams et al., 2020; Butterbrod et al., 2022; Hewitt & Loring, 2020; 

Requena-Komuro et al., 2022; Rizzi et al., 2022; Rogers et al., 2022) including epilepsy (e.g., 

Samia et al., 2023; Tailby et al., 2020). To our knowledge though, there is no existing data 

using remote testing of memory and forgetting over multiple sessions. Remote assessment via 

online video-conferencing platforms has become increasingly popular following the covid-19 

pandemic and is beneficial in increasing accessibility for patients, while from the researchers’ 

perspective it helps ensure a larger and more varied sample.  

Both the Crimes and Four Doors tests allow for memory to be tested after four 

separate delays. However, for practical reasons we opted at this stage to use only two (after a 

60-second filled delay to minimize the contribution of working memory, and after one week). 

Our earlier studies (e.g. Laverick et al., 2021) suggested that ALF effects would appear in at 

least some people with epilepsy at the one-week test. The patients were volunteers recruited 

through the charity Epilepsy Action and who were prepared to participate in two sessions 

separated by one week. The nature of our sample meant that we did not have access to 

medical records nor was extensive further testing practicable. We were however able to 

include one standard memory test, the list learning and delayed recall task drawn from the 

Brain Injury Rehabilitation Trust Memory and Information Processing Battery (BMIPB-II, 

Oddy et al., 2019), a recent adaptation of the earlier BMIPB (Coughlan et al., 2007). This 

latter task is rare in including a delayed, one-week assessment, and was therefore added as an 

additional comparison measure of memory and forgetting over time alongside the two ALF-

oriented tests, and to gauge whether any atypical patterns of forgetting in epilepsy generalize 

across different methods of assessment. We therefore implemented adapted, remote versions 

of Crimes and Four Doors, along with the BMIPB-II list learning and delayed recall task. For 

each test we implemented, evidence of ALF in the epilepsy group would be indicated by a 
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greater reduction in accuracy compared to controls on the one-week test, relative to any 

group differences observed in the first session. 

Method 

We report how we determined our sample size, all data exclusions, all inclusion/exclusion 

criteria, whether inclusion/exclusion criteria were established prior to data analysis, all 

manipulations, and all measures in the study. No part of the study procedures or analyses 

were pre-registered prior to the research being conducted. 

Participants 

Laverick et al. (2021) implemented the Crimes and Four Doors tasks with 14 epilepsy 

patients and 14 controls and found large group differences at the one-week delay on each task 

(Crimes, d = 1.74; Four Doors, d = 1.48). Detecting the smaller of these effect sizes (two-

tailed, alpha = .05, 95% power) requires a minimum of 13 participants per group.  

Participants in the epilepsy group were required to have a diagnosis of epilepsy, while 

those in the control group were required to have no known neurological condition. All 

participants had to be aged 18 years or over. 

There were 82 participants with datasets for the initial questionnaire and for both live 

sessions. The sample included 49 people with epilepsy (39 females, mean age = 45.3 years, 

range = 22-79), recruited via the charity Epilepsy Action, and 33 healthy control participants 

(24 females; mean age = 45.7 years, range = 22-74). 

Patients in the epilepsy group self-reported their epilepsy diagnosis during the initial 

questionnaire, and these diagnostic descriptions were classified as follows; temporal lobe 

epilepsy (26), generalized epilepsy (12), juvenile myoclonic epilepsy (3), simple partial (4), 

frontal (1), and other/missing information (3). Where TLE lateralization was reported, 9 had 

left TLE, 6 right, and 3 bilateral. Mean time since epilepsy onset was 23.2 years (SE = 2.52), 
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and current medication was mixed (23 polytherapy; 24 monotherapy; 2 no current 

medication). 

The research was approved by the ethics committee at the School of Psychology 

(University of Leeds). All participants (patients and controls) gave informed consent.  

Design, Materials, & Procedure 

The testing schedule involved one online pre-test questionnaire, followed by two ‘live’ one-

to-one sessions carried out via the remote communication platform Zoom. A mixed 2x2x2 

design was implemented, with population group (epilepsy vs. healthy controls) and test group 

(Crimes vs. Doors) as between-subjects factors, and test point (Short delay vs. One week) as 

a within-subjects factor. Participants were randomly assigned to one of two test groups 

(Crimes vs. Doors), with the constraint that any individual who self-reported color vision 

difficulties were placed in the Crimes group (this applied to two people in the epilepsy 

group). This resulted in 24 epilepsy patients and 17 control participants in the Crimes group, 

and 25 epilepsy patients and 16 controls in the Doors group. The main dependent variable 

was cued-recall accuracy on the Crimes and Doors tasks. We also examined recall scores on 

the BMIPB-II list learning and recall task after each delay.  

Questionnaires 

The pre-test questionnaire was completed in the week prior to the first session, and collected 

information on demographics, educational history, vision, and mood. The latter was a single 

question about general mood over the past week, with responses on a 5-point scale (ranging 

from “I am not feeling anxious or depressed” to “I am feeling extremely anxious and 

depressed”). If the participant had a diagnosis of epilepsy, they were asked further questions 

specific to their condition, including epilepsy diagnosis, status, and medication. All 

participants also completed the memory satisfaction subscale of the Multifactorial Memory 
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Questionnaire (Troyer & Rich, 2018). This is an 18-item scale probing subjective experience 

of everyday memory, with responses recorded on a 5-point scale. This produces normative 

scores regarding memory satisfaction that can be categorized from very low to very high, 

with average as a mid-point. Finally, there were also asked a few additional questions 

probing subjective experience of memory ability that are not further reported here. 

Cognitive testing in the live sessions 

Each participant took part in two live sessions conducted on an individual basis with a 

researcher over Zoom. Session 1 lasted around 45 minutes and consisted of Spot the Word, 

BMIPB list learning and recall, and the encoding and short delay test phase for Crimes or 

Doors. The one-week test lasted around 15 minutes, and included the follow-up tests for 

Crimes or Doors, plus BMIPB delayed recall.  

Spot the Word 

In this measure of verbal intelligence based on lexical decision (Baddeley et al., 1993), 

participants attempt to identify real words from within word-nonword pairs. The task was 

implemented using Gorilla and presented via Zoom screensharing. Each pairing was 

presented on screen, with one word to the left of the screen center and one to the right. The 

number ‘1’ was presented above the left item and ‘2’ above the right. Real and non-words 

could appear in either position. The participant was asked to verbally respond with the 

number that denoted the real word, which the experimenter then recorded. There were 6 

practice and 60 test pairs. 

BMIPB-II List learning and recall 

The List learning and recall subtest was drawn from the BMIPB-II (Oddy et al., 2019), a 

recent development of the BMIPB batteries (Coughlan et al., 2007). This subtest includes a 

free recall test one week after learning and is one of very few published batteries with such a 
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delayed test. For the first session, this task consisted of a 15-word list (list A) presented over 

5 learning and recall trials (A1-5). The researcher read out the sequence which the participant 

then attempted to verbally recall (in any order). A different 15-word list (B) was then 

presented for immediate recall, followed by a prompt to recall list A again (A6). 

Subsequently, at the one-week test session, the participant was asked to recall as many words 

as possible from either list, noting where possible which list (A or B) their responses were 

drawn from. This test therefore provides both an initial measure of memory performance and 

the potential for detecting accelerated forgetting over the one-week delay. 

Crimes and Four Doors Tests 

The Crimes and Doors tests were implemented using methodology based on Baddeley et al. 

(2019) and Laverick et al. (2021), and the materials are provided in Baddeley et al. (2019). 

An initial pilot experiment was carried out (Epilepsy N=30, Controls N=28) with half the 

participants allocated to each test group, assessing memory performance over three test 

sessions (short delay; 24 hours; one week). As in Laverick et al. (2021), controls received one 

round of presentation for the Crimes or Four Doors material, and the epilepsy group two 

rounds of presentation. Participants in the pilot study indicated that the general methods were 

highly acceptable. However, results indicated considerable performance variability and no 

forgetting over one week was found in any group (see Figure 1, and supplementary materials 

for full methodological details and analysis outcomes). 
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Figure 1. Z scored performance on the Crimes and Doors tests in the pilot experiment, 

presented as summary statistics (and 95% CI) (A) and by individual participants (B).  

 

 

This absence of forgetting likely in part reflects retrieval practice effects (Baddeley et 

al., 2019; Karpicke & Roediger, 2008), with the 24-hour test serving to reduce forgetting at 

the one-week test. It is important to minimize such effects when examining ALF (Baddeley et 

al., 2019; Elliott et al., 2014). The main study therefore only tested recall after the first short 

delay and at one week, with no intervening testing. It also embedded questions directly into 

the encoding phase to ensure initial learning level, and implemented learning to criterion 

during encoding, to ensure appropriate initial performance that was matched between groups 

(Elliott et al., 2014). Both Crimes and Four Doors were administered using Gorilla on the 

researcher’s computer and presented to participants using Zoom screenshare. 

Crimes Test 

The to-be-remembered materials consisted of four short vignettes each setting out a fictional 

crime, including a relatively minor criminal act, a perpetrator, victim, and location, as well as 

some additional (untested) detail (see Baddeley et al., 2019 for full information). Each crime 
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vignette was auditorily presented in a digitized middle-aged male English voice. Five 

questions were asked following presentation of each vignette (concerning the crime, location, 

victim nationality, age/sex of victim, and identity of perpetrator, e.g. “What was the 

nationality of the victim?”), and presentation of the crime repeated (up to three times) if an 

incorrect response was given. 

The encoding phase was followed by a 60-second interval. This contained a visual 

‘spot the difference’ filler task, in which participants were asked to identify and verbally list 

the differences between a line-drawn scene and a similar copy presented simultaneously on 

screen. 

The short delay cued recall test then followed. For this test and the one-week delay, 

20 questions were each presented on screen and simultaneously read out by the researcher. 

Each question probed a particular association within one of the crime stories. There was no 

repetition of question across the sets, though the same association might be tested in the 

opposite direction (see Baddeley et al., 2019). Questions probing each crime were randomly 

intermixed within the set of 20, and different sets of questions were used at the session 1 and 

one-week tests. Participants responded verbally, and the researcher then recorded all 

responses. 

The learning to criterion approach was implemented as follows (for both the Crimes 

and Four Doors tasks). The first session was completed if the participant achieved a 

minimum score of 15/20 on the short delay recall test. If they failed to achieve this criterion, 

the encoding and short delay recall process was repeated in full (using a different filler task, 

but the same set of 20 questions). Up to three rounds of encoding and recall were 

implemented for each participant. If they still had not achieved the minimum required score, 

the session was nevertheless ended as normal, and the one-week test subsequently 

implemented.  
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Four Doors Test 

Each of the four scenes consisted of a different style and color of door, color surround, object 

above the door, and animal in front of the door. The scene category name (e.g., FACTORY) 

was presented under the scene (Baddeley et al., 2019). Participants were first introduced to 

the components of the scenes to ensure they were aware of what to focus on. Each scene was 

presented for 10 seconds. Participants were asked to say the name three times prior to 

presentation (e.g., “factory-factory-factory”), and then another five times during presentation. 

Each scene was immediately followed by five questions probing memory for each of the key 

components (e.g. “What was the animal in the scene?”). If any question was answered 

incorrectly, the scene was re-presented for 2 seconds at the end of the question set 

(max=three repetitions). 

A verbal filler task was then performed during a 60-second retention interval. The 

word HIPPOPOTAMUS (or similar alternatives if re-presentation was required) was 

presented on screen and participants were asked to generate and report as many words as 

possible from the constituent letters. The short delay cued recall test then followed. All 

testing procedures, including learning to criterion (based on a score of 15/20 correct), 

followed the same principles as the Crimes test. Different sets of questions were used at the 

session 1 and one-week tests, with no repetition of questions, and items probing each door 

scene were randomly intermixed within the set of 20. Participants responded verbally, and the 

researcher recorded all responses. 

Results 

Analyses were carried out in JASP 0.18, and only includes those participants who reached 

criterion (at least 15/20 correct following up to three rounds of presentation, as established 

prior to analysis) on the Crimes or Four Doors tests. Note that outcomes remain the same 

when including all participants with complete data sets. 
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Overall, 30/33 controls (16 in the Crimes group and 14 in the Four Doors group) and 44/49 

people with epilepsy (24 in the Crimes group and 20 in the Four Doors group) achieved 

criterion (see Figure 2). A similar distribution was apparent for each population group (X2 = 

.63, p = .73), though participants required more rounds for Four Doors, compared to Crimes 

(X2 = 26.55, p < .001). For Crimes, one participant from each group failed to reach criterion. 

For Four Doors, two controls and five people with epilepsy failed to reach criterion after 

three rounds of presentation.  

 

Figure 2. Frequency distribution for the encoding round on which participants achieved 15/20 

correct on the Crimes or Four Doors test. 

 

 

Within the final group of participants who achieved criterion, the epilepsy and control 

groups did not differ in age, (control M=44.5, SE=2.8; epilepsy M=45.6, SE=2.3), t(72) = .31, 

p = .76, d =.08, or verbal intelligence as measured by Spot the Word (control scaled score 
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M=8.97, SE=.49; epilepsy M=9.48, SE=.39), t(72) = .82, p = .41, d =.20, but the epilepsy 

group reported lower mood (reverse coded, M=3.65, SE=.17) than controls (M=4.55, 

SE=.13), t(70)=4.55, p < .001, d = .95.  

For the MMQ Memory Satisfaction scale, distribution of participants across normed 

categories significantly differed between groups, X2 = 26.50, p < .001 (Epilepsy: 0 above 

average; 21 average; 19 below average; 4 low; Controls: 8 above average; 21 average; 1 

below average; 0 low). Thus, over half of our final epilepsy sample were classed as having 

low or below average satisfaction with their memory, compared to only 1/30 controls. 

Crimes and Four Doors: Recall in the short delay and one-week tests 

Each participant’s short delay recall score was taken from the final round of questions in 

session 1. Performance on the Crimes and Four Doors tests were analyzed together, using z-

scores calculated based on overall grand means for each task (Crimes M = 14.79, SD = 5.02; 

Doors M = 14.03, SD = 4.49; raw scores are presented in Supplementary materials). 

Aggregated and individual data are displayed in Figure 3.  

Figure 3. Mean performance (and SE) on Crimes and Four Doors tests presented as summary 

statistics (A) and by individual participants (B). 
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A mixed 2x2x21 ANOVA showed a main effect of test point, F(1,70) = 167.93, p < 

.001, η²p = .71, with better performance at the short delay than the one-week test, and 

population group, F(1,70) = 7.85, p = .007, η²p = .10, with poorer performance in the epilepsy 

group compared to controls. There was no effect of test group, F(1,70) = .02, p = .88, η²p < 

.01. The test point by population group interaction was significant, F(1,70) = 9.01, p = .004, 

η²p = .11. Planned comparisons revealed no group difference on the short delay test (controls 

M=.71, SE=.07, PWE M=.58, SE=.06), t(72) = 1.45, p = .15, d = .35, but the epilepsy group 

was less accurate on the one-week test (controls M=-.21, SE=.17, PWE M=-.92, SE=.17), 

t(72) = 3.12, p = .003, d = .74. There was no interaction between test point and test group, 

F(1,70) = 1.26, p = .27, η²p = .02, and no three-way interaction, F(1,70) = .37, p = .54, η²p = 

.005.  

Figure 4. Mean change in number correct (and SE) on Crimes and Doors from short delay 

test to one-week test, presented as summary statistics (A) and by individual participants (B).  
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To further illustrate forgetting over time in each population and test group, Figure 4 shows 

absolute change in number of correct responses from the short delay test to the one-week test. 

A 2x2 ANOVA indicated an effect of population group, F(1,70) = 8.94, p = .004, η²p = .11, 

but no effect of test group, F(1,70) = .15, p = .70, η²p = .002 and no interaction, F(1,70) = .59, 

p = .45, η²p = .008. The epilepsy group showed a higher rate of absolute loss (M = -7.12, SE = 

.58) compared to controls (M = -4.40, SE = .70). 

BMIPB-II List Learning and Recall 

Number correct recall for List A items on each test of the BMIPB list learning and recall task 

are presented in Figure 5A. A mixed 7x2 ANOVA (Greenhouse-Geisser corrected) indicated 

main effects of test point, F(4,266) = 174.05, p < .001, η²p = .71, with accuracy improving 

over the learning trials (A1-5) and then declining to the first post-interference trial (A6) and 

again to the one-week test. There was no significant effect of group, F(1,872) = .87, p = .355, 

η²p = .01, or interaction, F(4,266) = .79, p = .53, η²p = .01. Finally, Figures 5B and 5C shows 

proportional loss from A6 (Session 1) to the one-week test. An independent samples t-test 

revealed no significant difference between epilepsy and controls t(72) = .07, p = .95, d = .02. 

Based on this test therefore, the epilepsy group do not appear to show a memory impairment. 

Possible reasons for this are discussed below. 
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Figure 5A. Mean number correct (and SE) on each test of the BMIPB list learning and recall 

task. B. Mean change from test A6 to one-week. C. Change per individual participant. 

 

 

Discussion 

We began our study with the aim of extending the Crimes and Four Doors Tests to a wider 

range of people with epilepsy and to adapt it for remote testing, In doing so we hoped that we 

would gain some indication as to whether ALF is likely to prove a rare condition or whether 

it is sufficiently common as to raise concerns about the lack of attention to potential 

contribution of ALF to reported memory complaints and the failure of current standard 

memory tests to address rates of forgetting. Memory and forgetting over a one-week period 

were remotely assessed across a broad community sample of people with epilepsy and 

healthy controls using the Crimes and Four Doors tests, along with BMIPB verbal recall. The 

results of this exploration provide new evidence regarding ALF in epilepsy and contributes to 

methodological development on how best to capture forgetting over time in typical and 

atypical groups.  

At a group level, more forgetting was evident on the Crimes and Four Doors tasks 

across the one-week period for the people with epilepsy, relative to controls. Although well-
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matched at the short delay test, the epilepsy group produced lower recall accuracy and more 

loss one week later. This indicates some evidence for ALF on these measures in our 

community-derived sample. This is in keeping with the findings of Laverick et al. (2021) 

using Crimes and Four Doors in a clinically derived sample, and studies using other types of 

material and test method (e.g. Fitzgerald et al., 2013; Hoefeijzers et al., 2015), though 

atypical forgetting over extended delays is not always observed in epilepsy (Cassel et al., 

2016; Contador et al., 2017, 2021). In the context of the overall group differences found in 

the present study, there was a range of forgetting for all participants, on both the Crimes and 

Four Doors. The epilepsy group were more likely to show greater loss, though not universally 

so, with many individuals showing similar levels of forgetting to controls. This heterogeneity 

is broadly in line with patterns of ALF observed in clinically derived samples of epilepsy 

patients (e.g., Mayes et al., 2019; Mulhert et al., 2011). Although there was no strong 

evidence of qualitatively distinct clustering in the epilepsy group, it is notable that five 

participants with epilepsy showed a degree of separation from the rest of the sample in terms 

of negative change on the Crimes test across the one-week delay. Whether this represents a 

separate group or part of a broader range will require a more extensive sample of patients. 

 Our study was motivated in large part by the work of Sergio Della Sala and 

colleagues on adopting pragmatic approaches to measuring forgetting (Della Sala et al., 

2024), and by the aim of developing appropriate tools to measure atypical forgetting over 

extended time periods that may not be successfully captured by existing neuropsychological 

tools. The importance of doing so is illustrated by the observation that over half of our 

epilepsy sample were classed as having low or below average satisfaction with their memory 

as measured by the MMQ, in contrast to our control sample who generally had average or 

above average memory satisfaction. Thus, many (though clearly not all) of the epilepsy group 

in our study reported subjectively poor memory in their everyday lives (Illman et al., 2012; 
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Thompson & Corcoran, 1992). In contrast to such prevalent subjective difficulties, they did 

not show any evidence of objective group differences in the first session as measured on the 

short delay tests of Crimes/Four Doors (or BMIPB). It was only the one-week assessment of 

Crimes/Four Doors that elicited such evidence. We also tentatively note that, of the five 

people with epilepsy who show the most forgetting on the Crimes test, four are classed as 

having low/below average memory satisfaction on the MMQ. Developing objective 

neuropsychological measures that align with subjective experiences will continue to be a 

valuable aim for researchers in this field.  

Despite the overall group differences on the one-week test for Crimes/Four Doors, 

there was no evidence of learning deficits in this epilepsy group, as indexed by the number of 

encoding rounds needed. The use of learning to criterion was successful in producing 

appropriate and matched short delay recall performance while avoiding ceiling or 

overlearning effects (Elliott et al., 2014). This approach may be a preferable method of 

achieving appropriate initial performance levels in clinical and control groups, relative to 

other approaches such as varying the number of presentation rounds at a group level (as in 

the pilot study). For example, Laverick et al. (2021) used one round of presentation for 

controls and two rounds for their epilepsy group, which may have produced more 

overlearning for the epilepsy group and makes direct comparison more challenging.  

A secondary aim of the study was to extend our exploration to the BMIPB verbal 

memory task, an existing test that unusually includes a one-week delayed recall. There were 

no group differences during the learning or delayed recall phases of this task, with the 

epilepsy group showing the same profile as controls on each test point. Thus, this measure 

was able to detect initial learning improvement and subsequent forgetting over short and 

extended delays but did not produce evidence for atypical forgetting in the epilepsy group. 

The present study was not designed to preferentially differentiate between the Crimes, Four 
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Doors, and BMIPB list tests, and we acknowledge the differences in methodology between 

these measures. Nevertheless, at least in their current versions, group differences were more 

apparent in the Crimes/Four Doors tests. 

Given potential evidence of domain specific memory loss in epilepsy (e.g., Baxendale 

et al., 1998), we should ideally continue to work towards use of tests that assess across 

different domains (Elliott et al., 2014). However, sometimes that may not be possible or ideal 

from a pragmatic perspective, if we need to consider time constraints, avoiding patients 

becoming overwhelmed or fatigued by multiple tests, and reduction of interference between 

the tests themselves. In this case, with test group as between-subjects factor, the present study 

was not designed to systematically compare Crimes and Four Doors, the former may be 

slightly preferable given the lower number of presentation rounds required to achieve 

criterion and criterion failure rates. Nevertheless, the present outcomes, couple with those of 

Laverick et al. (2021), indicate that these tests might represent useful tools in assessing 

forgetting over extended delays in epilepsy. While research interest in ALF has been 

principally driven by possible problems in epilepsy, there is some evidence that atypical 

forgetting may also be a feature in other clinical groups, including Alzheimer’s disease 

(Weston et al., 2018; Rodini et al. 2022; though see Stamate et al. 2020), Parkinson’s 

(Hanoğlu et al., 2019), and multiple sclerosis (Stalter et al., 2024). It would be worth 

exploring whether the current tests usefully extend to the detection of possible atypical 

forgetting in individuals with these conditions. 

We interpreted the absence of any reliable forgetting on the one-week test across 

epilepsy or control participants in the initial pilot experiment as likely reflecting retrieval 

practice effects (Baddeley et al., 2019; Karpicke & Roediger, 2008) induced by the 24-hour 

test in that pilot experiment. The omission of this intervening test in the full experiment 

allowed observation of forgetting for both groups, indicating the importance of considering 
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retrieval practice when studying ALF. However, we acknowledge that this lack of an 

intermediate test point between the first (short delay) and second (one-week) test represents a 

potential limitation in the main study. We have been able to demonstrate ALF as a form of 

faster forgetting in long-term memory, but we cannot unequivocally differentiate earlier from 

longer-term forgetting (e.g. Audrain & McAndrews, 2019; van der Werf et al., 2016; Weston 

et al., 2018), or detect any qualitative changes in forgetting profiles that might emerge after 

certain delays (Mayes et al., 2019). The question of whether atypical forgetting might emerge 

over distinct time periods for different patients and clinical populations remains an important 

subject of debate (e.g. Cassel & Kopelman, 2016, 2019; Cassel et al., 2016; Mayes et al., 

2019), though this is not an issue that the current study was intended to address. 

Retrieval practice represents a challenge for assessment of clinical forgetting over 

time (Elliott et al., 2014). If the intention is to capture fine-grained forgetting gradients across 

multiple time points, alternative solutions are required that reduce retrieval practice effects 

while avoiding floor effects at long delays (Baddeley et al., 2021). However, it also offers an 

opportunity as a possible tool to support memory and mitigate against ALF in epilepsy. Initial 

findings suggest possible beneficial effects of retrieval practice in PWE (Jansari et al., 2010; 

Ricci et al., 2019), and we can derive similar conclusions when comparing the pilot and main 

experiments in the present work. This seems a promising avenue for further research, but 

more work is needed across populations and contexts to understand under which task 

conditions and for which populations such benefits emerge, and the extent to which they 

might be generalized to everyday memory. 

More broadly, the present work usefully informs an emerging area of research 

exploring remote implementation of neuropsychological assessment (Hewitt & Loring, 2020; 

Requena-Komuro et al., 2022; Rogers et al., 2022). We have previously demonstrated that 

telephone-based administration provides a suitable method of implementing the Crimes 
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follow-up tests (Allen et al., 2019). Remote video-calling offers a much more versatile and 

interactive form of communication, and the recent growth in sophistication and popularity of 

such platforms makes this method a feasible tool for experimental and clinical assessment. 

Our findings indicate that carefully implemented remote assessment offers effective 

measurement of typical and atypical episodic memory and forgetting over multiple sessions 

and extended delays, while improving accessibility of assessment for patients and researchers 

alike. The combined use of an online questionnaire and live sessions administered over a 

popular remote communication platform generated detailed and informative datasets while 

enabling inclusion of participants from across the UK in a way that removed any costs or 

disruption that would otherwise be associated with travel for in-person assessment.   

In conclusion, we began with the aim of extending and further developing two tests of 

ALF (Crimes and Four Doors) by their remote application to a wider community-derived 

sample of people with epilepsy and controls. We found it necessary to modify test 

presentation using a criterion- based approach and to avoid early testing which can serve as a 

relearning session. Repeated testing thus remains a challenge in this area, but retrieval 

practice may also represent an opportunity for support. The modified versions of Crimes and 

Four Doors were then shown to be readily performed typically involving a single encoding 

session. More forgetting on these tests was apparent for people with epilepsy at a group level 

after a one-week delay, albeit with variability within group and with many patients showing 

no apparent atypicality. This finding was not detected by an existing comparison test 

(BMIPB verbal learning and recall) that is relatively rare in including a one-week follow-up 

test. Our data suggest that some degree of ALF is likely to be present in a at least a 

proportion of people with epilepsy and that although it appears to be reflected in subjective 

complaints of memory problems, it may not be detectable by standard assessments over 

shorter timescales. As such, it reinforces Sergio Della Sala’s case for increased attention to 
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forgetting (Della Salla, 2010; Della Sala et al, 2024), still an important but comparatively 

neglected aspect of memory, and offers a practical way to assess the potential importance of 

rate of forgetting in people reporting memory problems. 
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Footnotes 

 

1. Given the difference between population groups in self-rated mood, all reported 

analyses were repeated with mood as a covariate, with the same pattern of outcomes. 
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