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Subjective self-reports of difficulties with memory are relatively common in people with epilepsy, though these
do not always align with performance on objective memory tasks. The current study gathered qualitative and
quantitative subjective reports of memory function in a group of people with epilepsy who were recruited via the
charity Epilepsy Action, along with controls. Participants also carried out one of two recently developed
experimental tasks (Crimes or Four Doors) that provide objective measures of long-term memory and forgetting,
along with an additional verbal learning and recall task, each of which assess retention over a one-week period.
Relative to controls, people with epilepsy reported memory problems across all the subjective measures, while
also showing more objective forgetting on Crimes and Four Doors. When combining the epilepsy and control
samples, subjective forgetting and memory satisfaction correlated with objective delayed recall and forgetting.
Within the epilepsy sample, delayed recall correlated with subjectively experienced forgetting. These findings
provide new evidence for subjective and objective memory difficulties in epilepsy and indicate the need for
development of appropriate tools to detect atypical forgetting in this population.

1. Introduction

People with epilepsy often report difficulties with their memory [1],
but these do not always align with outcomes on objective memory tasks
[2,3]. Many people with epilepsy referred for memory assessment fall in
the normal range on neuropsychological assessment [4], and express
concerns about their memory that are not always matched by those of
clinical practitioners [5]. One important dimension to consider is the
timeframe over which memory and forgetting are recorded. Atypical or
‘accelerated’ long-term forgetting (ALF) may be a relatively common
issue in people with epilepsy [6], defined as greater forgetting over
hours, days, or weeks following initial learning. Several studies have
reported apparent patterns of ALF in at least some epilepsy patients [e.
g., 71, though this is not always observed [8]. This form of increased
forgetting may underlie some of the lived experiences and subjective
reports of people with epilepsy. Objective tests of memory over longer
intervals are required to detect such issues and to avoid domain-specific
mismatch with subjective memory difficulties [9] but are often not

included in empirical research and neuropsychological batteries [7,10].
As many patients with atypical forgetting will produce intact perfor-
mance on standard tests with short retention periods, misdiagnosis may
result.

Challenges remain in developing appropriate tests for clinical use
[11,12]. One pair of tasks that have recently shown promise in capturing
memory and forgetting are the Crimes and Four Doors tasks. Initial work
with healthy young and older adults [13-16] demonstrated that these
tasks are relatively quick to administer, acceptable to participants, and
provide tests of verbal (Crimes) or visual (Four Doors) material in which
the same information can be sampled at different test points. They have
subsequently been extended to individuals with epilepsy. Laverick et al.
[17] found evidence of increased forgetting on these tests over a one-
week period, relative to controls, in a small group of clinically derived
epilepsy patients (N = 14). Allen et al. [18] then extended these findings
using remote implementation with a larger (N = 49), heterogeneous
group of people with epilepsy who were derived from the community.

Building on this, the current study aimed to be the first to explore
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how these patterns of delayed memory and forgetting performance on
Crimes and Four Doors tasks align with subjective reports of memory
ability, at a group and individual level. We addressed this in the diverse
sample of patients reported in Allen et al. [18] who were derived from
the community and living with a managed epilepsy condition.

Firstly, we examined the subjective memory problems that people
with epilepsy report across a brief set of qualitative and quantitative self-
report measures, comparing with a control group without epilepsy.
Based on prior studies, we predicted self-reported memory difficulties
on quantitative measures of memory function, specifically MMQ mem-
ory satisfaction and novel targeted questions concerning long-term
memory and forgetting. We also expected at least some people with
epilepsy to provide qualitative descriptions of memory problems caused
by their epilepsy, potentially offering further insight regarding the lived
experiences of these individuals.

Secondly, we have already shown evidence of increased forgetting
over a one-week period in the epilepsy group on Crimes and Four Doors
[18]. We report further analysis of this dataset (and data from a measure
of extended verbal memory adopted from a published neuropsycho-
logical test battery, the BMIPB-II) using a slightly updated sample, to
provide full reporting of objective outcomes alongside subjective mea-
sures. This enables us to consider group differences in both subjective
and objective measures using the same sample.

Thirdly, we examined the relationship between subjective and
objective memory at an individual level, doing so across the whole
sample and then within the epilepsy group, to explore whether self-
reported memory complaints show any relationship with delayed
memory performance. Although the broader picture regarding links
between subjective and objective difficulty is rather mixed [3], there is
some evidence for a stronger relationship when using measures of
memory over extended time periods [19], though these studies have
typically recruited patients via clinical routes with more severe epilepsy.
If such subjective-objective links are observable in samples including
people with epilepsy recruited from the community, and our objective
measures are sensitive to this, then we would expect to find that in-
dividuals who self-report reduced memory ability also tend to show
reduced performance and more forgetting at the one-week test.

2. Method
2.1. Participants

The sample is very similar to that reported by Allen et al. [18], with
one additional individual with epilepsy now included (participant
8984). There were 82 participants who initially completed the three
components of the study. In line with Allen et al. [18], all analysis fo-
cuses on individuals achieving the a priori criterion score of 15/20 (75
%) correct recall after a maximum of three rounds of presentation on the
Crimes or Four Doors task in session 1 (i.e., the short delay test). This
was implemented to ensure appropriate and matched initial perfor-
mance across participants and resulted in 75 participants in the final
sample. There were 45 people with a diagnosis of epilepsy (35 females,
10 males, mean age 45.6 years, range 22-79), recruited via the charity

Table 1
Characteristics of the epilepsy sample (N = 45).

Count (with %)

Temporal lobe epilepsy (TLE) 23 (51 %)
Generalized epilepsy 12 (27 %)
Juvenile myoclonic epilepsy 3(7 %)
Focal aware seizures 4 (9 %)
Other or blank 3 (7 %)

Medication (polytherapy/monotherapy/none)
Average duration of epilepsy in years (SD)
TLE lateralization where reported (Left/Right/
Bilateral)

22/21/2 (49 %/47
%/4%)
21.66 (SD = 17.2)
10/6/3
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Epilepsy Action using advertisements on their website and newsletter
(see Table 1 for key characteristics). There were 30 control participants
(22 females, 10 males, mean age 44.5 years, range 22-74) without ep-
ilepsy in the final sample, recruited via online and word-of-mouth
advertisement. Controls were required to have no known neurological
disorder. They were recruited to ensure group-level age-matching with
the epilepsy participants, and the two groups were well-matched in this
regard, t(73) = 0.31, p = 0.76, d = 0.07. The sample size was selected
primarily to detect differences between groups on the objective mea-
sures of memory at the long delay (one-week) test point [see 18] but are
also suitable to observe large (d = 0.8) group effects on the subjective
outcomes that are the main focus of the present work (two-tailed, alpha
= 0.05, 80 % power, indicates minimum of 26 per group).

2.2. Design, Materials, & Procedure

Quantitative subjective outcomes were implemented within a
between-subjects design, comparing people with epilepsy and controls.
For the primary objective measures of memory, a 2x2x2 mixed design
was used, with between-subjects factors of population group (epilepsy
vs. controls) and test group (Crimes vs. Doors), and the within-subject
factor of test point (short delay and one-week). Participants were
randomly assigned to each test group using a 1:1 ratio, with the
constraint that any individual with colour vision difficulties were
assigned to the Crimes group.

An overview of the schedule is set out in Fig. 1. All participants
initially indicated their interest in taking part via an online form. They
were then contacted via email by a researcher, who provided a detailed
information sheet and gave the participants time to decide whether they
would like to participate. The testing schedule involved one online pre-
test questionnaire, followed by two ‘live’ one-to-one sessions imple-
mented using the online experimental software platform Gorilla [20]
and presented via the remote communication platform Zoom and its
screen-sharing functions. Participants completed the online question-
naire before the first live session. All recruitment and data collection
took place during 2022.

2.3. Questionnaires

The online questionnaire involved questions regarding de-
mographics, vision, and mood, and was implemented using onlinesurv
eys.co.uk. General mood over the past week was assessed on a 5-point
scale (see Supplementary Materials). If the participant indicated a
diagnosis of epilepsy, they were asked further questions specific to their
condition, including epilepsy diagnosis, status, and medication, and a
free-text response question probing how they felt their memory had
been affected.

All participants then completed the MMQ Satisfaction subscale [21],
an 18-question set using a 5-point Likert scale (e.g., I have confidence in
my ability to remember things, and I worry that I will forget something
important). Responses to this scale were scored according to the pub-
lished and openly available manual [21], reverse-scoring questions
where appropriate, and producing a total raw score (with a higher score
indicating more satisfaction, and a score range of 0-72). Scores were
also categorised following the published and freely available MMQ
manual, by converting raw scores to T-scores based on the manual’s
normative sample and then applying the recommended categorisation of
interpretation (very low T-score < 20; low 20-29; below average 30-39;
average 40-60; above average 60-70; high 71-80; very high > 80).

This was followed by three additional 5-point scale questions (1 =
strongly agree; strongly disagree) designed to index the individual’s
subjective experience of their immediate memory (I often feel that I forget
things in the moment. For example, remembering a phone number I'm in the
process of ringing or the name of someone I've just met), long-term memory
(I often feel that I forget things over minutes or hours. For example, what I
need to buy when I go to the shops and don’t have a list) and long-term
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m :
Questionnaire Approx. Test session 1 Test session 2
Demographic information ‘>1-7 days s
grap - Spot the Word - Crimes OR Doors one week test
- Mood ) .
- Epilepsy status - BMIPB list learning/recall - BMIPB one week test
iy - Crimes OR Doors encoding

- Epilepsy and memory
- MMQ Memory satisfaction scale
- Questions on STM, LTM, and forgetting

- Visual OR verbal filler task
- Crimes OR Doors short delay test

Fig. 1. Timeline of questionnaire and live sessions.

forgetting (I often feel that I forget things more quickly over a few days or
weeks, compared to friends or family that are a similar age to me).

2.4. Cognitive testing in the live sessions

Each participant took part in two live sessions conducted on an in-
dividual basis with a researcher over Zoom. Session 1 lasted around 45
min and consisted of Spot the Word (a measure of verbal intelligence
based on lexical decision, [22]), BMIPB-II (Brain Injury Rehabilitation
Trust Memory and Information Processing Battery) list learning and
recall [23], and the encoding and short-delay test phase for Crimes or
Doors. The one-week test lasted around 15 min and included long-delay
tests for Crimes or Doors, and BMIPB-II list recall.

As the primary focus of the current work is the subjective measures,
we only briefly describe the details of the cognitive testing here. We
refer the reader to Allen et al. [18] for a more detailed description of the
full testing protocol for the live sessions. Briefly, the Crimes Test in-
volves four fictional vignettes each describing a relatively minor crime
(along with location, victim, and perpetrator), presented verbally by the
researcher. The Four Doors test consists of four composite photographic
visual scenes, each involving a door of different type and colour, a
surrounding wall, a decorative feature, and an animal. For each test, the
crimes or doors were presented serially, with a recall check immediately
after presentation of each to ensure initial encoding. Following encoding
and a 60-second filled delay (with a visual distractor task for the Crimes
group, and a verbal task for the Doors group), the short delay test was
presented, involving 20 cued recall questions probing different asso-
ciative aspects of the crimes or doors (e.g., Who committed the crime
against the young woman?; What animal was in front of the house door?). A
learning-to-criterion approach was adopted, with participants repeating
the encoding and short delay test phases if they failed to reach a mini-
mum score of 15/20 correct (75 %) on each round. This cycle was
repeated up to three times for each participant, with performance on the
final testing round carried forward. The main outcome variables for
these tasks are number correct at the short-delay and one-week tests and
change in performance between these test points.

The BMIPB-II list learning task [23] involved auditory-verbal pre-
sentation of a sequence of 15 words across five learning and immediate
recall trials (A1-A5), an interference trial on a different 15-word
sequence (B), and then a delayed recall attempt of list A (A6). Recall
of items (from lists A and B) was then attempted in the long delay test
one week later. The main outcome variables for present purposes are
number correctly recalled from list A at the initial A6 delay and long
delay tests, along with change in performance between these test points.
All participants carried out this task.

2.5. Data analysis

Data were inspected using Q-Q plots and Shapiro-Wilks tests to check
normality. Quantitative subjective outcomes were analysed using in-
dependent samples t-tests, or their non-parametric equivalent (Mann-
Whitney test) when non-normally distributed, to examine whether the
subjective experience of memory ability differed between the epilepsy
and control groups. Outcomes on Crimes and Four Doors were analysed

within a 2x2x2 mixed ANOVA with population group and test group as
between subjects factors, and test point as within subjects factor, to
confirm whether the epilepsy and control groups differed in their
memory performance at the short delay vs. the one-week delay, and
whether this varied with test materials. Here, the primary outcome of
interest was the interaction between test point and population group.
Change in performance between the test points (one week — short delay)
was also examined, in a 2x2 mixed ANOVA (with population group and
test group as factors). Similarly, BMIPB list recall was analysed within a
2x2 mixed ANOVA, with population group and test point (short delay, i.
e. A6 test, vs. one-week) as factors, along with an independent samples t-
test examining performance change. Finally, evidence for a relationship
between subjective and objective outcomes was examined using
Spearman’s Rho (to allow for any outcomes that were not normally
distributed) with age partialed out, firstly across the whole sample, and
then separately within the epilepsy and control groups.

3. Results

Analyses were carried out in JASP 0.19. The epilepsy and control
groups did not differ in verbal intelligence as measured by Spot the Word
(control scaled score Mean = 8.97, SE = 0.49; epilepsy Mean = 9.49, SE
= 0.38), t(73) = 0.85, p = 0.40, d = 0.20, or in level of education
(classified using the International Standard Classification of Education
(ISCED), control Median = 6, IQR = 5-7, epilepsy Median = 6, IQR =
4-6.5, U = 658.50, p = 0.68. The epilepsy group reported lower mood
(reverse coded, M = 3.68, SE = 0.17) than controls (M = 4.55, SE =
0.13), t(71) = 3.81, p < 0.001, d = 0.91.

3.1. Subjective measures

3.1.1. Does your epilepsy affect your memory?

In response to the question “does your epilepsy affect your mem-
ory?’, of the 45 people with epilepsy, 37 participants responded “yes”, 8
responded “don’t know”, and O responded “no”. The 37 who responded
yes were then asked to provide a typed free-text description of how they
felt their memory was affected. All responses are listed in Table S1 in
Supplementary Materials. A range of details were provided, touching on
different issues including types of memory problem, forgetting, possible
causes, and strategies that participants use in response. There was
considerable variability in detail provided between respondents, with
some providing detailed responses (e.g., There are episodes in my life that I
have absolutely no recollection of at all — family events, holidays, places I
have been to, things I have done....... The memories just do not exist what-
soever, as if it never happened. After a seizure, the few days prior in particular
seem to be ’swiped’ from my brain, as if it’s rebooting. Also inmediately after
a seizure I have no idea where I am, what day it is, what I'm doing...and
family have to tell me all that information as I come round (this is possibly
just part of coming round from the seizure as opposed to memory however). I
find it very hard to retain information now generally — I struggled whilst
studying and this continues now at work and in life. I write notes and to-do
lists to help aid my memory, participant 6971).

Content of the free text responses was categorized along several di-
mensions, including different types of memory and cognitive difficulty,
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and the individual’s sense of how this related to their epilepsy. An initial
screening of all responses was carried out independently by two re-
searchers to identify possible categories, which were then agreed be-
tween them. A first researcher then categorized response content as
relating to each of these agreed categories, with the outcomes of this
categorization then reviewed and suggestions for amendment made by a
second researcher. Responses could fall into multiple categories. This
revealed a range of apparent problems with memory (see Table 2). The
most frequently reported types were identified as being associated with
episodic memory, forgetting, short-term memory, semantic/verbal
memory retrieval, prospective memory, and learning, along with gen-
eral (otherwise undefined) memory problems. Six patients mentioned
having to use memory aids in their everyday lives. Finally, although the
question specifically probed memory difficulties, four respondents also
indicated problems with other aspects of cognition (attention, concen-
tration, speed of processing).

3.2. Quantitative subjective measures

Fig. 2 shows descriptive statistics for each of the quantitative sub-
jective measures of memory (see also a raincloud plot for the MMQ
outcomes in Fig. S1 of Supplementary Materials). Analysis of MMQ raw
scores indicated that the control group reported significantly higher
memory satisfaction, t (73) = 7.35, p < 0.001, d = 1.73. Distribution of
individuals across MMQ response categories significantly differed be-
tween groups, X° = 18.88, p < 0.001, with around half the epilepsy
group reporting low or below average memory satisfaction, while nearly
all controls reported average or above average satisfaction. For the three
questions about specific aspects of memory (examined using non-
parametric Mann-Whitney tests), the epilepsy group reported signifi-
cantly lower scores (indicating more problems) with short-term mem-
ory, U=1006.50, p < 0.001, rank biserial correlation effect size (1) = 0.49,
long-term memory, U = 1025, p < 0.001, r = 0.52, and forgetting, U =
1130, p < 0.001, r = 0.67.

3.3. Objective measures

Outcomes from the objective memory measures are presented in
Figs. 3 and 4. Key outcomes are also reported in Table S2 and as rain-
cloud plots (Figs. S2-S5) in Supplementary Materials.

Table 2

Categories, frequency, and examples of memory difficulties drawn from free text
responses provided by people with epilepsy who felt their condition had affected
their memory (N = 37). Note that some responses could be scored in multiple
categories.

Type of difficulty Count Examples
(with %)

Short-term memory 15 (41 %) My brain is a sieve so holding onto information
that is communicated to me during verbal
conversations is very hard. (participant 2659).

Episodic memory 17 (46 %) A lot of things and events in past few years have
totally vanished. Places I've been to and people
I've met that are fairly important but it’s gone.
Like an eraser has removed them! (9367).

Semantic memory and 11 (30 %) I find it harder to remember the words I'm

word retrieval looking for during conversations (2483).

Prospective memory 7 (19 %) Remember to take medication at right times
(1690).

Forgetting 16 (43 %) I think I forget more, faster. It seems more
difficult for information to ’go in’ (5872).

Learning 5 (14 %) Much harder to try to learn new information
(1970).

Undefined memory 9 (24 %) I couldn’t remember simple things...Gradually
over the years my memory has worsened
generally (4292).

Relies on memory aids 6 (16 %) I write notes and to-do lists to help aid my
memory (6971).
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3.4. Crimes and Four Doors

A mixed 2x2x2 ANOVA (test point; delay vs. one-week; test group,
Crimes vs. Four Doors; population group, controls vs. epilepsy) showed a
main effect of test point, F(1,71) = 159.58, p < 0.001, ng = 0.69, and
population group, F(1,71) = 8.56, p = 0.005, ng = 0.11. There was no
effect of test group, F(1,71) = 1.25, p = 0.27, ng = 0.02. Of primary
interest, the test point by population group interaction was significant, F
(1,71) = 9.66, p = 0.003, ng = 0.12. Planned comparisons revealed no
group difference on the short delay test (controls M = 17.83, SE = 0.35,
PWE M = 17.18, SE = 0.28), t(73) = 1.47, p = 0.15, d = 0.35, but the
epilepsy group was less accurate on the one-week test (controls M =
13.47, SE = 0.80, PWE M = 9.87, SE = 0.73), t(73) = 3.25, p = 0.002, d
= 0.77. There was no interaction between test point and test group, F
(1,71) = 0.05, p = 0.83, ng < 0.01, and no three-way interaction, F
(1,71) = 0.85, p = 0.36, 3 = 0.01.

3.5. Absolute change between the short delay and one-week tests

A 2x2 ANOVA (test group x population group) indicated an effect of
population group, F(1,71) = 9.66, p = 0.003, qg = 0.12, but no effect of
test group, F(1,71) = 0.05, p = 0.83, n% < 0.01, and no interaction, F
(1,71) = 0.85, p = 0.36, ng = 0.01. The epilepsy group showed a higher
rate of absolute loss (M = —7.28, SE = 0.59) compared to controls (M =
—4.40, SE = 0.72).

3.6. BMIPB-II list learning and recall

A mixed 2x2 ANOVA (test point, short delay vs. one week; popula-
tion group, control vs. epilepsy) indicated a main effect of test point, F
(1,73) = 259.08, p < 0.001, ng = 0.78, with accuracy declining between
the first post-interference short-delay trial (A6) and again to the one-
week test. There was no significant effect of population group, F
(1,73) = 2.18,p = 0.144, ng = 0.03, or interaction, F(1,73) = 0.02,p =
0.89, Th% < 0.01. The same results emerged when using the A5 test as the
session 1 measure, instead of A6.

To summarize the various objective outcomes, the control and epi-
lepsy groups performed very similarly at the short delay test, and did not
differ in the learning trials required to reach criterion either (see sup-
plementary materials). More forgetting on the long delay (one-week)
test was apparent for people with epilepsy, though with variability in
both groups, and many in the epilepsy group showing similar profiles to
the controls. Variability and forgetting were also apparent for the
BMIPB-II list learning long delay task, but the two groups showed similar
levels of performance on this measure.

3.7. Relationship between subjective and objective measures

A Spearman’s Rho correlational analysis was carried out on all par-
ticipants (with age partialed out), including MMQ (raw score), the three
questions on STM, LTM, and forgetting, along with long-delay (one-
week) performance on Crimes/Doors (C/D) and List recall, and change
in performance between the short delay and the long delay tests. Short-
delay performance is not included in the reported outcomes as our focus
was on one-week retention and forgetting, but no significant correla-
tions (p > 0.05) were observed with any subjective measure.

Outcomes are shown in Table 3a. The subjective measures all
intercorrelated, though it is particularly notable that memory satisfac-
tion was particularly strongly (negatively) correlated with subjectively
experienced forgetting. There were correlations between the objective
measures as well. Turning to the relationship between subjective and
objective outcomes, higher memory satisfaction (MMQ) was associated
with better performance and less forgetting on the Crimes/Doors long
delay test. Subjectively reported problems with LTM and forgetting were
associated with lower Crimes/Doors performance on the long delay test.
Subjective forgetting also correlated with observed change in
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Fig. 2. Quantitative subjective outcomes for the epilepsy and control groups, showing a). MMQ memory satisfaction raw scores (means and SE, with individual
participants shown in lighter points), b). distribution of participants across MMQ memory satisfaction categories, c-e). mean ratings (and SE) on questions regarding

different aspects of memory. Lower ratings indicate lower subjective ability.

performance over the one-week period. No other correlations between
subjective and objective measures were significant (see Supplementary
Materials for full reporting of p values).

We then repeated these analyses separately for each of the epilepsy
and control groups, to examine any intercorrelations within each sub-
group. The correlations for the control group are reported for full
transparency (3c), though this was not a focus of the present work. For
the epilepsy group (Table 3b), we again see correlations within the sets
of subjective and objective outcomes. We also observed a significant
correlation between subjective forgetting and recall performance at the
one-week test on Crimes/Doors. The other correlations between sub-
jective and objective measures that were found across the whole sample
were in the same direction here but were not statistically significant (see
Supplementary Materials for p values).

4. Discussion

Our aim in this online study was to explore subjective memory dif-
ficulties in a community-derived sample of people with epilepsy, to
present alongside performance on recently developed objective mea-
sures of memory and forgetting over time (Crimes and Four Doors, along
with BMIPB List recall), and to examine any relationships between re-
sponses on these subjective and objective measures. Several important
findings emerged.

4.1. Subjective memory

Firstly, our epilepsy sample self-reported experiencing considerable
memory difficulties. A majority felt that their epilepsy had affected their
memory, and their qualitative descriptions of these effects were wide-
ranging and informative, indicating difficulties with memory that
were sometimes severe and profound. The varying nature of these
memory complaints fell into several categories, but particularly
apparent were difficulties in immediate memory, episodic memory and
forgetting. This frequent reporting of memory difficulties aligned with
outcomes on the quantitative subjective measures. The epilepsy group
reported lower satisfaction with their memory (on the MMQ), and dif-
ficulties in short-term memory, long-term memory, and forgetting as
measured by our additional questions that were designed to target these
specific aspects of memory. These findings replicate and extend previous
evidence of self-reported memory problems in epilepsy [19,24] using
both qualitative and quantitative (online) subjective measures including
items probing specific aspects of memory and forgetting in a diverse
community-derived sample of people living with epilepsy. They indicate
a range of subjectively experienced difficulties that impact on different
timeframes and types of information, with increased forgetting
emerging as a commonly reported factor on qualitative and quantitative
measures.
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week tests (with smaller, lighter points showing change for individual participant. A change score of 0 represents no forgetting, and values below 0 indicate forgetting

between the short delay and one-week tests.
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Table 3

Spearman’s Rho correlations between subjective (Items 1-4: MMQ and ratings for STM, LTM, and forgetting) and objective outcomes (Items 5-8: Crimes/Doors (C/D)
and BMIPB List long delay (at one-week) and change between short delay and long delay tests on these measures), for a). All participants (n = 75), b). The epilepsy

group (n = 45), and c). Controls (n = 30).

a)
1 2 3 4 5 6 7
1. MMQ -
2. STM 0.56%** -
3. LTM 0.59%** 0.63***
4. Forgetting 0.80%** 0.48%** . -
5. C/D one week 0.37 0.19 0.23* 0.30%** -
6. C/D change 0.31%* 0.20 0.20 0.29* 0.92%%** -
7. List one week 0.14 0.10 0.15 0.09 0.36%* 0.35%* —
8. List change 0.07 —0.03 0.04 0.00 0.24* 0.30%* 0.57%%**
b)
1 2 3 4 5 6 7
1. MMQ
2. STM -
3. LTM 0.50%** -
4. Forgetting 0.25 0.56%** -
5. C/D one week 0.21 0.16 0.32* -
6. C/D change 0.21 0.04 0.27 0.91%** —
7. List one week 0.14 0.10 0.05 0.45%* 0.37* -
8. List change —0.06 0.03 —0.07 0.32* 0.32* 0.58***
)
1 2 3 4 5 6 7
1. MMQ
2. STM 0.28 -
3. LTM 0.27 0.64%** -
4. Forgetting 0.66%** 0.36 0.43* -
5. C/D one week 0.14 —0.13 —0.16 —0.14 -
6. C/D change 0.11 —0.05 0.03 —0.02 0.59%** -
7. List one week 0.00 0.00 0.11 —0.01 —0.18 0.15 -
8. List change 0.13 0.06 0.09 0.16 —0.20 0.20 0.55%**

“p < 0.001, ** p < 0.01, * p < 0.05.
4.2. Objective memory

There is clearly therefore a need for objective measures that can
appropriately capture the apparent memory problems that people with
epilepsy often claim to experience. On this note, the group-level dif-
ferences in forgetting on the Crimes and Four Doors tests over a one-
week period indicated that these measures can objectively detect long-

term memory difficulties in a mixed group of epilepsy patients
recruited through non-clinical routes (see also [18]). In addition, the
findings demonstrate the potential of remote online assessment for the
measurement of cognitive profiles and detection of difficulties in clinical
contexts, a growing area of interest in neuropsychological assessment
[25-32]. However, although significant differences were observed at a
group level, it is also important to note the range in performance (for all
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groups) and the relatively intact profile of memory and forgetting
observed for many individuals in the epilepsy group. Atypical forgetting
is an issue for some people with epilepsy but is clearly not a universal
signature of the condition. No group differences were found on the list
learning and recall task, at least in the present sample.

4.3. Links between subjective and objective measures

The current study therefore provides evidence for substantial sub-
jectively experienced memory problems along with objective detection
of deficits in long-term memory and forgetting over a one-week period,
in the same group of community-derived individuals with epilepsy. Is it
possible to observe direct links between these types of measure? Across
the whole sample, objectively measured extended memory and forget-
ting correlated with memory satisfaction (measured by the MMQ), and
with participants’ sense of their long-term memory ability and whether
they experienced relatively more forgetting than other people. Thus,
lower memory satisfaction and more subjectively experienced forgetting
in everyday life was associated with lower recall at the long-delay test,
and with more forgetting over one week. These patterns of correlations
may at least partly reflect group differences between people with epi-
lepsy and controls on subjective and objective outcomes. This relation-
ship is useful to demonstrate in of itself, showing that objective delayed
memory and forgetting relates to subjective experience when consid-
ering people with epilepsy as a subgroup within the broader population.
However, even within the epilepsy group, an individual’s subjective
sense of their own vulnerability to forgetting correlated with objective
recall performance at the one-week test. This indicates such measures
have potential sensitivity to the variability in subjective experience of
heightened forgetting within a sample of people with epilepsy, as well as
in comparison with controls. We would note that some other sub-
jective-objective correlations within the epilepsy group did not reach
statistical significance, and we fully acknowledge that these analyses
were based on small sample sizes. The findings should serve as moti-
vation for larger and more systematic examination of links between
subjective and objective memory and long-term forgetting in this pop-
ulation, possibly in conjunction with comparisons of the same re-
lationships in neurotypical controls.

4.4. Limitations and directions for further research

The current study is the first to examine subjective and objective
memory and forgetting using the Crimes and Four Doors tests in a
diverse group of people with epilepsy, derived from the community. Our
sample was adequate for current purposes and was larger and more
diverse than the only previous published study to administer Crimes and
Four Doors with an epilepsy group [17]. Moving beyond clinically
derived samples is an important step given that problems with memory
and cognition are often reported by people living with chronic epilepsy
[1]. It is also useful to implement measures with a diverse sample that is
not limited to one form of epilepsy. Problems with accelerated forgetting
over longer time periods may be more prevalent in temporal lobe epi-
lepsy [33,34], particularly in bilateral cases [35], but it has also been
reported in other forms of epilepsy [33,36-38]. Therefore, as noted by
Hall et al. [3], generalizability of findings is aided by exploring these
questions in community-derived samples of patients that show vari-
ability in type and severity of epilepsy, and where their condition is
being managed. However, a more comprehensive and systematic ex-
amination of performance on such tasks, and possible connections with
subjective memory difficulty, will require a much larger sample. This
would also better enable examination of possible variability between
different epilepsy subtypes, for which the present study was not suffi-
ciently powered.

Our self-developed questions were intended to capture subjective
experience of memory at different time scales, and speed of forgetting
over time (thus mapping onto the concept of ALF). In designing these,
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we incorporated examples to try and make the items accessible and
relatable to everyday memory experience. The questions were successful
in capturing variability between individuals, in differentiating between
epilepsy and control groups, and particularly in how forgetting relates to
broader memory satisfaction and objective delayed memory perfor-
mance. However, it could be suggested that the specific everyday ex-
amples embedded in each question may have influenced how some
individuals responded, though we have no direct evidence that this
occurred in the present study. While future research should develop and
implement more detailed, multi-item measures along these lines, the
current work shows the importance of capturing different aspects of
memory and forgetting in subjective measures.

The current work primarily focused on objective memory perfor-
mance at two time points, firstly after a short (filled) delay to minimize
storage and retrieval from working memory, and then one week later to
measure delayed memory and forgetting. It would be valuable to sys-
tematically explore performance across different timescales. Firstly,
people in our epilepsy sample often reported short-term memory prob-
lems, in their qualitative descriptions of how they felt epilepsy affected
their memory, and in response to the specific question on this dimen-
sion. This maps onto evidence of objectively observed difficulties with
working memory and executive function in epilepsy [39]. Thus, these
apparent subjective difficulties likely relate to cognitive functions not
directly indexed by our forgetting measures, as well as the adverse ef-
fects of other non-cognitive, clinical factors [2]. This highlights the issue
of task specificity [9,40,41], and that no single test can capture all
memory processes of possible interest [2]. Comprehensive clinical
assessment should aim to include measures of memory and forgetting at
very short timescales as well as over extended delays. However, we
would also note a common tendency for non-experts to view ‘short-term
memory’ as extending over several hours [e.g. 42], and so caution
should be exercised when interpreting use of such terminology in self-
report measures.

Secondly, because our primary focus in the objective memory tasks
was to measure memory retention at the one-week test, we aimed to
minimize possible effects of retrieval practice on later retention that
might arise from the insertion of additional test points after the short
delay test [15,16,18]. As a result, we did not assess memory at around a
30-minute delay as is commonly implemented in neuropsychological
test batteries and so cannot claim to be directly and specifically testing
patterns of ALF that only emerge beyond this point and that may be
missed by such tests. Incorporating tests at such intervals while mini-
mizing or allowing for any impacts of retrieval practice, with the aim of
being able to identify more precisely when atypical forgetting starts to
emerge, would be a challenging but useful future direction.

A further useful question to consider is the possible effect of domain-
specific interference between different measures. The current study ran
Crimes (i.e., a verbal task) or Four Doors (a visual task) alongside an
additional verbal task, BMIPB list learning. Although Crimes and BMIPB
list learning are quite different in materials (structured vignettes vs.
unstructured word lists) and test format (cued recall vs. free recall), this
may nevertheless have led to mutual interference between these verbal
memory tasks. There is little direct and convincing evidence within the
current data for this possibility, given we found no significant interac-
tion with test group in analysis of objective performance. However, the
possibility of intra-test interference should be considered in future work,
as should the interesting question of whether people with epilepsy show
greater vulnerability to such interference effects.

Research and neuropsychological practice remain in flux regarding
the possible prevalence of ALF in different forms of epilepsy, the rates of
typical or atypical forgetting that might be experienced across in-
dividuals, and the optimal methods that should be used to capture these.
The current work suggests promise in these forms of delayed measures of
objective memory, and in their remote implementation. However, they
are not yet sufficiently developed and validated for widespread clinical
implementation. Future work should prioritise development of such
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appropriate tests of extended memory and forgetting for broader use
across clinical contexts. Ideally, these should form part of a battery of
measures assessing memory across different types of material and
timescales, along with subjective self-report measures of memory
difficulty.

5. Conclusions

Overall, people living with epilepsy in the community report sub-
stantial and varied problems with their memory function. Subjective
experience of problems with memory are relatively common in epilepsy,
and our findings from a community-derived and heterogenous epilepsy
sample confirm and extend this observation from prior research. The
difficulties that are reported in our sample are quite varied, and include
immediate, delayed, and remote memory, and problems with forgetting
over time. We also show that subjectively experienced issues with
delayed memory and forgetting can be captured by objective measures.
This has implications for how we might understand and measure
possible memory problems in epilepsy.
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