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Highlights 

• Transient epileptic amnesia (TEA) is a syndrome of mesial temporal lobe epilepsy. 

• Verbal recall is often impaired after hours to weeks in TEA. 

• Picture recognition can be impaired after minutes in TEA. 

• Picture recognition declines normally over the course of 1 week in TEA. 

• Picture recognition deficit is due to impairment of early memory processes. 
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Abstract 

 

Transient epileptic amnesia (TEA) is an epileptic syndrome characterized by recurrent, brief 

episodes of amnesia. Transient epileptic amnesia is often associated with the rapid decline in recall 

of new information over hours to days (accelerated long-term forgetting — ‘ALF’). It remains 

unknown how recognition memory is affected in TEA over time. Here, we report a systematic study 

of picture recognition in patients with TEA over the course of one week. 

Sixteen patients with TEA and 16 matched controls were presented with 300 photos of everyday life 

scenes. Yes/no picture recognition was tested 5 min, 2.5 h, 7.5 h, 24 h, and 1 week after picture 

presentation using a subset of target pictures as well as similar and different foils. 

Picture recognition was impaired in the patient group at all test times, including the 5-minute test, 

but it declined normally over the course of 1 week. This impairment was associated predominantly 

with an increased false alarm rate, especially for similar foils. High performance on a control test 

indicates that this impairment was not associated with perceptual or discrimination deficits. 

Our findings suggest that, at least in some TEA patients with ALF in verbal recall, picture 

recognition does not decline more rapidly than in controls over 1 week. However, our findings of an 

early picture recognition deficit suggest that new visual memories are impoverished after minutes in 

TEA. This could be the result of deficient encoding or impaired early consolidation. The early 

picture recognition deficit observed could reflect either the early stages of the process that leads to 

ALF or a separable deficit of anterograde memory in TEA. Lastly, our study suggests that at least 

some patients with TEA are prone to falsely recognizing new everyday visual information that they 

have not in fact seen previously. This deficit, alongside their ALF in free recall, likely affects 

everyday memory performance. 

 

Keywords: Transient Epileptic Amnesia, Temporal Lobe Epilepsy, Accelerated long-term 

forgetting, Anterograde memory, Picture recognition 

 

 

 

 

 

 

 



Impaired picture recognition in TEA 

 

 

4

1. Introduction 

 

Transient epileptic amnesia (TEA) is a syndrome of mesial temporal lobe epilepsy (TLE), 

characterized by brief, recurrent episodes of transient amnesia occurring as a result of epilepsy. 

During these episodes, declarative memory is impaired, while other cognitive functions remain intact 

[1]. 

In addition to interictal (between attacks) deficits of remote autobiographical [2-4] and 

topographical memory [2], almost half (44%) of patients with TEA describe interictal deficits in the 

retention of recently acquired memories [2,5-7]. This persistent interictal memory deficit is typically 

more troublesome for patients with TEA than are the occasional, brief amnesic episodes caused by 

seizures [8]. Patients with TEA describe this interictal memory deficit as an ‘evaporation’ of 

memories for recent events [8]. Systematic assessment of their free recall and cued recall over time 

corroborates this complaint, demonstrating a pattern of normal or near-normal recall over standard 

delays, followed by a rapid decrease in verbal, visual, and real-life event recall over days to weeks 

[2,5-7,9]. Recent studies show that this ‘accelerated long-term forgetting’ (ALF) in TEA can become 

apparent as early as 3–8 h postacquisition, without any requirement for intervening sleep [10,11]. It 

is hypothesized that ALF is associated with impairment of later consolidation processes 

[2,5,7,11,12], although it remains possible that it is the result of an early deficit occurring close to the 

time of memory acquisition [11,13]. 

Transient epileptic amnesia has been associated with subtle atrophy in the hippocampus and in 

perirhinal and orbitofrontal cortices, the volumes of which correlate with anterograde memory 

performance in TEA, including free recall and recognition [14,15]. However, no structural correlates 

have been found for forgetting rates over extended periods (i.e., ALF), hinting that ALF in TEA may 

reflect physiological disruption of memory networks by subclinical epileptiform activity [14, 15]. 

The behavioral TEA study reported here focused on visual recognition memory, which can be 

impaired in TEA [2,6]. Visual recognition memory is important in daily life for identifying faces, 

objects, or scenes that the patient has previously encountered, and any deficit in recognition memory 

is likely to contribute towards real-life memory difficulties experienced by the patient. Indeed, 

patients with TEA sometimes complain of difficulties in recognizing people or places that they have 

encountered before [2,16]. However, unlike free recall and cued recall, visual recognition memory 

has not been examined in detail and systematically over time in TEA. 

The two previous studies on recognition memory in TEA included standardized recognition tests 

but revealed mixed and inconclusive findings: Manes et al. [6] showed that while patients with TEA 
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and controls did not differ significantly in forced-choice story recognition after 30 min, the patients 

performed significantly worse than the controls on the same test after a delay of 6 weeks, thus 

suggesting that recognition can be affected by ALF. In contrast, however, the patients with TEA 

performed as well as the controls at recognizing 4 presented figures, both after 30 min and after 6 

weeks. It is of note that performance was at ceiling on this figure recognition test, likely owing to the 

very small set of stimuli applied and the repetition of the 30-minute test stimuli at the 6-week 

juncture. 

Unlike Manes et al. [6], Butler et al. [2] revealed a subtle, albeit significant, recognition deficit in 

patients with TEA over standard delays in clinical tests of story recognition (WMS-III logical 

memory, [17]) and word and face recognition (recognition memory test, [18]). However, since these 

tests were not repeated after longer delays, it is unclear how these subtle early deficits fared over 

time in the patients with TEA relative to the controls. The study also included a 3-week recognition 

test for 15 words and 10 visual designs that had been learned to a 90% criterion and tested via free 

recall at earlier test intervals in a subgroup of patients who performed normally on standard memory 

tests at a 30-minute delay [19]. These recognition tests revealed a 3-week recognition deficit in TEA 

for words [5,19], but not for visual designs, for which performance was high in both groups. Given 

that the two 3-week tests differed not only in modality but also in test type (words: yes/no; designs: 

forced choice), the basis of these mixed long-term recognition memory findings is unclear. 

Moreover, since no recognition testing was conducted for these words and designs after standard (30 

min) delays, it is unclear to what extent 3-week recognition differed from baseline, and thus whether 

or not the 3-week recognition deficit in TEA reflected ALF. 

In order to address this gap in the TEA recognition memory literature, we examined in a 

systematic and controlled way picture recognition memory in patients with TEA by (i) applying the 

same test over standard, intermediate, and long delays, (ii) using a sufficiently large pool of items to 

avoid ceiling effects, (iii) probing a different subset of items at each juncture to avoid repeated 

testing, and (iv) including as foils images that were similar to the target pictures as well as foils that 

were different from the target pictures, to allow for the teasing apart of detail memory and gist 

memory. 
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2. Materials and method 

 

2.1. Participants 

 

Seventeen patients with TEA and 18 controls were recruited for the study. One patient and two 

controls could not complete the study because of unavailability and were therefore excluded from the 

analysis. All 16 included patients met the diagnostic criteria for TEA [20]: (i) a history of recurrent, 

witnessed episodes of transient amnesia; (ii) intact cognitive functions (aside from memory) during 

typical episodes, as judged by a reliable witness; and (iii) evidence for a diagnosis of epilepsy based 

on one or more of the following: epileptiform abnormalities on EEG, concurrent onset of other 

clinical features of epilepsy (such as lip smacking or olfactory hallucinations), and clear-cut response 

to anticonvulsant therapy. Moreover, all patients complained of ALF, and 11 (69%) of these 16 

patients showed ALF on a verbal cued recall test, which is reported in full in Hoefeijzers et al. [11]. 

All patients were on anticonvulsant monotherapy, and, at the time of testing, had been free from 

overt seizures for at least six months. Finally, all participants spoke English as their first language 

and had no symptoms of psychiatric disturbance.  

 Table 1 gives clinical information for the 16 patients with TEA, including the grounds for the 

diagnosis of TEA and the presence/absence of ALF in the verbal cued recall test. 

 

<<<INSERT TABLE 1 ABOUT HERE>>> 

 

The 16 patients and 16 controls were matched for age and education and were assessed on a 

battery of cognitive tests: the National Adult Reading Test (NART) [21] and the Wechsler 

Abbreviated Scale of Intelligence (WASI) similarities and matrix reasoning subtests [22] were used 

to assess general intelligence. The Wechsler Memory Scale — III (WMS-III) logical memory test 

(immediate and 30-minute delayed recall of story A only) [17] and delayed recall of the Rey–

Osterrieth Complex Figure Test [23] were used as anterograde memory measures. The copy of the 

Rey–Osterrieth Complex Figure Test also was applied as a measure of visuospatial perception. The 

FAS letter fluency test [24,25] was used to examine executive function. Lastly, mood was assessed 

using the Hospital Anxiety and Depression Scale (HADS) [26]. The demographics and 

neuropsychology test performance of the participants are provided in Table 2. 

As shown in Table 2, the patients with TEA performed well on all psychometric tests 

administered. The control group outperformed the patient group in the NART, resulting in a subtle, 
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albeit significant, group difference in NART-predicted verbal IQ (t(30) = − 2.188, p = 0.037, 

r = .37). Moreover, although relatively low, the HADS — depression score of the patient group was 

higher than that of the control group, resulting in a significant group difference (t(30) = 3.028, 

p = 0.005, r = .48). Both differences are discussed further in the Results section and in the 

Discussion section. 

 

<<<INSERT TABLE 2 ABOUT HERE>>> 

 

The study was approved by the National Health Service (NHS) Scotland A Research Ethics 

Committee and by the Psychology Research Ethics Committee of the University of Edinburgh. 

Informed consent was obtained from each participant according to the Declaration of Helsinki [27]. 

Testing took place at the participants' homes during five sessions. The experiment began between 

10am and 11am on day 1. 

 

2.2. Picture recognition test 

 

2.2.1. Test material 

Five hundred color photos were obtained from Getty Images (www.gettyimages.co.uk). In order 

to increase relevance to real-life memory, all selected pictures represented complex everyday life 

scenes such as activities or objects (e.g., people, work, sports, domestic activities, plants, tools, and 

animals; see example pictures in Fig. 1 and Supplementary Fig. A). Familiar places, buildings, or 

famous persons were avoided. Pictures were presented in e-prime as 24-bit (color depth) pictures 

(portrait or landscape) in bitmap format (.bmp). 

Three hundred of the 500 pictures were selected for picture presentation — the presentation 

pictures, and 400 of the 500 pictures were selected for subsequent picture recognition testing — the 

recognition test pictures (see Fig. 1 and Supplementary Fig. A). Of the 400 recognition test pictures, 

200 were presentation pictures. The remaining 100 presentation pictures were not used in the 

recognition test. Instead, we selected for each of these 100 pictures a similar equivalent — the 

similar foils. These 100 similar foils differed from the presentation pictures with regard to minor, 

though visible, changes in the background or by having different characters in the scene (i.e., same 

character(s) with changed background scene or different character(s) with the same background 

scene, see Fig. 1 and Supplementary Fig. A for an example). Lastly, the remaining 100 recognition 
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test pictures were different everyday life scenes unrelated to the presentation pictures — the different 

foils. 

We used similar and different foils to allow for the teasing apart of detail memory and gist 

memory. 

The 400 recognition test pictures were divided into 5 recognition picture sets, 1 set per test time. 

Each recognition test set consisted of 80 unique pictures, made up of 40 presentation pictures, 20 

similar foils (similar to 20 presentation pictures not included in the recognition test), and 20 different 

foils each (see Fig. 1 and Supplementary Fig. A). The presentation pictures and their similar foil 

counterparts were equally divided over the five recognition tests to ensure that any presentation order 

effects were evenly spread across the 5 recognition test sets. Moreover, the order of the 5 recognition 

test sets was counterbalanced across participants. 

 

2.2.2. Picture presentation 

Prior to picture presentation, participants were informed that they would be shown a large number 

of pictures, which they should attend to and remember for a subsequent memory test. They were told 

that during later memory testing, they would be shown further pictures and asked to indicate if they 

had seen these during picture presentation. They were made aware of the presence of identical, 

similar, and different pictures in the memory test and shown examples of each picture type for 

clarity. Moreover, they were asked explicitly to attend to and remember picture details so as to be 

able to discriminate between identical and similar pictures during subsequent recognition testing. 

During picture presentation, participants were presented with the 300 presentation pictures one by 

one. Each picture was presented for 4 s on a 15-inch laptop screen and was directly followed by a 

subsequent picture (see Fig. 1). To avoid loss of concentration, we presented pictures in five blocks 

of 60 pictures each. These presentation blocks were separated by a 1-minute break during which 

participants were asked to rest. 

 

2.2.3. Picture recognition 

Participants' memory for the presented picture stimuli (i.e., the presentation pictures) was tested at 

five test times: 5 min, 2.5 h, 7.5 h, 24 h, and 1 week after completion of picture presentation. 

Participants were probed on a different set of pictures at each test interval, i.e., a different 

recognition test set was administered. 

Prior to each recognition test, participants were informed again about the presence of identical, 

similar, and different pictures in the picture recognition test. They were instructed to give a “yes” 
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response only if the picture was identical to a picture seen during picture presentation and, thus, to 

give a “no” response if the picture was similar to a picture seen during picture presentation or if the 

picture was completely new. 

The 40 presentation pictures, 20 similar foils and 20 different foils were shown on a laptop screen 

one by one using e-prime with no time limit (see Fig. 1). For each picture, participants had to 

indicate verbally whether or not they had seen the picture during picture presentation (yes/no 

recognition: yes = “old” picture, no = “new” picture). 

We applied a yes/no recognition test given its reported increased sensitivity to memory 

impairment relative to forced-choice recognition tests [28]. 

During the 5-minute delay subsequent to picture presentation, participants had to recall words for 

the aforementioned verbal cued recall test [11], which acted merely as a filler task in the present 

experiment. 

Participants were not informed about the picture recognition tests taking place subsequent to the 

5-minute test. However, after completion of the 7.5-hour test, they were explicitly asked not to think 

about any of the tests they had undertaken during that day. 

It should be noted that the test times described (i.e., 5 min, 2.5 h, 7.5 h, 24 h, and 1 week after 

completions of picture presentation) relate to the time points at which a recognition test was initiated, 

relative to the end of picture presentation, and, therefore, serve as an estimation of the delay 

intervals. Specifically, given that picture presentation and recognition testing took 25 min and ~ 20 

min, respectively, the delay interval for individual presentation pictures ranged between the test time 

and the test time + 45 min, e.g., 5 min–50 min in the case of the first recognition test. For clarity, we 

thus refer only to test times. 

 

<<<INSERT FIGURE 1 ABOUT HERE >>> 

 

2.3. Perception/visual short-term memory control test 

 

Following completion of the 1-week yes/no recognition test, all participants were assessed on a 

perception/visual short-term memory control test. We applied this test to ascertain that our patients 

with TEA were able to adequately perceive and discriminate complex everyday life visual scenes 

and retain these within short-term memory. 

The test comprised 45 trials. In each trial, a picture of a complex everyday life scene was 

presented for 700 ms, followed by a 900-ms blank screen. The blank screen was followed directly by 
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the presentation of a second picture, which could be either the originally presented picture seen 

900 ms before (i.e., the presentation picture; 20 trials), a similar foil (20 trials), or a different foil (5 

trials). Participants had to indicate verbally whether or not the second picture was identical to the one 

they had just seen (yes/no response). 

As for the main experiment, the 70 everyday life pictures (45 presentation pictures, 20 similar 

foils, and 5 different foils) were sourced from Getty Images. These pictures matched the 

presentation/recognition pictures of the main experiment with regard to complexity, style, and color 

properties. The pictures were presented on a 15-inch laptop screen using Microsoft PowerPoint. 

 

2.4. Recognition test scoring 

 

2.4.1. Hit rate and false alarm rate 

Hit rates were calculated for each participant for each of the 5 test times by dividing the number 

of targets correctly identified by the total number of targets (/40). False alarm rates for all foils 

(similar + different) were calculated for each participant for each test time by dividing the number of 

foils incorrectly identified as targets by the total number of foils (/40). False alarm rates were also 

calculated separately for similar foils (/20) – similar foil false alarm rate – and for different foils 

(/20) – different foil false alarm rate – using the same procedure. 

 

2.4.2. Recognition accuracy 

In order to measure recognition accuracy, d-prime (d′) was calculated for each participant for each 

test time via the following equation: d′ = z (hit rate) − z (false alarm rate). None of the participants 

had a hit rate of 1 at any of the 5 test times; thus, no corrections had to be made to hit rate scores 

during the computation of d′. One participant had a false alarm rate of 0 on the 1-week test, thereby 

requiring correction for the computation of d′. In line with standard correction procedures, we 

corrected this score by adding half a false alarm to this score, i.e., (1/80), resulting in a corrected 

false alarm rate of 0.0125. The higher a d′ score, the better the recognition accuracy (d′ = 0 indicates 

chance-level performance). 

 We also computed a corrected recognition score of ‘detail memory’ by subtracting the similar 

false alarm rate from hit rate (see [29,30] for similar corrections). This hit rate, corrected for similar 

false alarms, provides a measure of the hit rate based both on gist memory and on detail memory. 
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2.4.3. Response bias 

The response bias was computed using the bias measure C provided by Snodgrass and Corwin 

[31]: C = − .5[z (hit rate) + z (false alarm rate)]. A value of C equal to 0 indicates neutral bias, a 

positive value indicates conservative bias (i.e., less inclined to respond ‘old’), and a negative value 

indicates liberal bias (i.e., more inclined to respond ‘old’). 

 

2.5. Perception/visual short-term memory control test scoring 

 

Performance on the perception/short-term memory control test was assessed via hit rate, false 

alarm rate, and d′. 

 

2.6. Statistical analyses 

 

We applied separate mixed-factors ANOVAs (within-subjects factor = test time; between-subjects 

factor = group) to examine d′, hit rate, false alarm rate, detail memory, and response bias (C) across 

the delay intervals in the two groups. Planned comparisons were carried out between the 2 groups at 

each of the test times (independent t-tests) and between pairs of delay intervals (5 min–1 week, 

5 min–2.5 h, 2.5 h–7.5 h, 7.5 h–24 h, and 24 h–1 week) to examine (between groups and within 

group) changes in recognition performance over these intervals. A mixed-factors ANOVA was also 

conducted to compare false alarm rates for similar and different foils between groups across the 1-

week test interval. Independent t-tests were used to compare the patients' and controls' 

perceptual/visual short-term memory performance. Moreover, separate ANCOVAs with covariate 

“NART-predicted verbal IQ” and “HADS — depression scores” were run to examine the effect of 

group and test time on d′ when controlling for the subtle group difference in NART-predicted verbal 

IQ and HADS — depression scores. 

The Greenhouse–Geisser correction for nonsphericity was applied if the sphericity assumption 

was violated (according to Mauchly's test of sphericity). Moreover, independent t-tests assuming 

unequal variances were applied if the assumption of equal variances was violated (according to 

Levene's test for equality of variance). Effect sizes for the ANOVAs were determined using partial 

η
2
, where 0.14 is a large effect [32]. Effect sizes for the t-tests were determined using r. The alpha 

level was set to 0.05 for all mixed-factor ANOVAs. In order to avoid type 1 error accumulation in 

the planned comparisons, we adjusted the planned comparison alpha level to 0.01, using a 

Bonferroni correction, i.e., 0.05/5 comparisons (5 between-subjects comparisons, i.e., one at each 
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test delay; 5 within-subject comparisons, i.e., between consecutive pairs of test delays and between 

the 5-minute and 1-week test delays). The Bonferroni correction tends to be rather conservative and 

prone to type 2 errors. Therefore, we provide exact p-values where p > 0.01, so that all planned 

comparison results can be interpreted with and without the Bonferroni correction. All analyses were 

conducted in IBM SPSS Statistics 19.  

 

3. Results  

 

3.1. Perception/visual short-term memory control test  

 

d-prime scores in the perception/visual short-term memory control test were very high in the 

patient group with (mean = 3.69, SD = .253) and in the control group (mean = 3.76, SD = .207) and 

did not differ significantly between groups (t(30) = − .838, p = 0.409, r = .15). The patient group and 

the control group did not differ significantly in hit rate (TEA mean = .988, SD = .029; control 

mean = .988, SD = .022, t(30) = 0, p = 1, r = .00) or false alarm rate (TEA mean = .025, SD = .029; 

control mean = .013, SD = .028, t(30) = 1.242, p = 0.224, r = .22). 

 

3.2. Yes/No recognition test 

 

3.2.1. d’ 

As shown in Fig. 2, the d′ scores of the patient group were significantly lower than those of the 

control group (main effect of group: F(1, 30) = 26.010, p < 0.001, η
2

p = .464), and this group 

difference was already present at the 5-minute test time (t(24.143) = − 3.410, p < 0.005, r = .53). d-

prime scores dropped significantly over time across groups (main effect of test time: F(4, 

120) = 54.196, p < 0.001, η
2

p = .639, see Table 3 for a full breakdown of d′ changes over consecutive 

test pairs). However, the early group difference in d′ remained stable and significant at all test times, 

without any additional increases in magnitude over time, i.e., no significant interaction between 

group and test time (F(4, 120) = 1.282, p = 0.281, η
2

p = .041), (group differences: 2.5 h: 

t(30) = − 4.911, p < 0.001, r = .59; 7.5 h: t(30) = − 3.176, p < 0.005, r = .50; 24 h: t(30) = − 4.191, 

p < 0.001, r = .65; 1 week: t(30) = − 3.679, p < 0.005, r = .56). These results remained when only 

patients showing ALF on the verbal cued recall (see Table 1) test were included in the analysis. 

 

<<<INSERT FIGURE 2 AND TABLE 3 ABOUT HERE >>> 



Impaired picture recognition in TEA 

 

 

13

Fig. 3 shows mean hit rates and false alarm rates for similar foils and different foils in the patient 

group and in the control group at the 5 test times. Table 3 shows the p-values for the changes in hit 

rate and false alarm rate over consecutive test times in both groups separately. Individual participant 

data for each recognition measure at each test time can be found in Supplementary Fig. B (5-minute 

and 1-week test times) and in Supplementary Table A (all 5 test times). Supplementary Table A also 

provides the number of patients with TEA performing > 1 SD below the control mean on each of the 

recognition measures at each test time. 

 

3.2.2. Hit rate 

As shown in Fig. 3, the hit rate of the patient group was slightly lower than that of the control 

group, but this group difference did not reach statistical significance (main effect of group, F(1, 

30) = 3.342, p = 0.078, η
2

p = .100). Planned comparisons revealed no significant group differences at 

the individual test times (5 min, t(30) = − 1.697, p = .1, r = .30; 2.5 h, t(30) = − 2.307, p = .028, 

r = .39; 7.5 h, t(30) = − 1.587, p = .123, r = .28; 24 h, t(30) = − .771, p = .446, r = .14; 1 week, 

t(30) = − .972, p = 0.339, r = .17). 

Hit rate declined significantly over time overall (main effect of test time, F(2.631, 

78.929) = 33.861, p < 0.001, η
2

p = .530, see Table 3 for a full breakdown of hit rate changes over 

consecutive test pairs). However, there was no significant test time ∗ group interaction (F(2.631, 

78.929) = 0.306, p = 0.795, η
2

p = .010). 

 

3.2.3. False alarm rate for all foils combined 

Overall, the false alarm rate of the patient group was significantly higher than that of the control 

group (main effect of group, F(1, 30) = 7.501, p < 0.05, η
2

p = .20). Planned comparisons revealed 

that this group difference was significant at the 5-minute test time (t(25.278) = 2.940, p < 0.01, 

r = .50) and the 2.5-hour test time (t(19.812) = 3.424, p < 0.005, r = .61). The patients' false alarm 

rate remained higher than that of the controls at the 7.5-hour test time and at the 24-hour test time, 

although this group difference did not reach statistical significance (7.5 h, t(21.469) = 2.220, 

p = 0.037, r = .43; 24 h, t(25.478) = 2.189, p = 0.038, r = .40). The groups' false alarm rate did not 

differ significantly at the 1-week test time (t(30) = 1.385, p = 0.177, r = .25). Moreover, false alarm 

rate for all foils combined increased significantly over time overall (main effect of test time, F(2.657, 

79.702) = 10.722, p < 0.001, η
2

p = .263, see Table 3 for a full breakdown of false alarm rate changes 

over consecutive test pairs). However, there was no significant test time ∗ group interaction 

(F(2.657, 79.702) = 0.441, p = 0.701, η
2

p = .014). 
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3.2.4. False alarm rate for similar foils only 

Overall, the patient group's false alarm rate for similar foils was significantly higher than that of 

the control group (main effect of group, F(1, 30) = 6.807, p < 0.05, η
2

p = .185). Planned comparisons 

revealed that this group difference was marginally significant at the 5-minute test time 

(t(30) = 2.607, p = 0.014, r = .43) and significant at the 2.5-hour test time (t(25.925) = 3.066, 

p < 0.01, r = .52). The patients' false alarm rate for similar foils remained higher than that of the 

controls at the 7.5-hour test time and at the 24-hour test time, although this group difference did not 

reach statistical significance (7.5 h, t(21.858) = 1.846, p = 0.078, r = .37; 24 h, t(30) = 1.818, 

p = 0.079, r = .32). The groups' false alarms for similar foils did not differ significantly after 1 week 

(t(30) = 0.835, p = 0.410, r = .15). False alarm rate for the similar foils did not increase significantly 

over time overall (main effect of test time, F(4, 120) = 1.993, p = .1, η
2

p = .062), and there was no 

significant test time ∗ group interaction (F(4, 120) = 0.696, p = 0.596, η
2

p = .023). 

 

3.2.5. False alarm rate for different foils only 

Overall, the patient group's false alarm rate for different foils was significantly higher than that of 

the control group (F(1, 30) = 7.660, p < 0.05, η
2

p = .203). Planned comparisons revealed that this 

group difference was marginally significant at the 5-minute test time (t(21.192) = 2.634, p = 0.015, 

r = .50) and significant at the 2.5-hour test time (t(19.093) = 2.950, p < 0.01, r = .56). The patients' 

false alarm rate for different foils remained higher than that of the controls at the 7.5-hour test time 

and at the 24-hour test time, although this group difference did not reach statistical significance 

(7.5 h, t(25.246) = 2.232, p = 0.035, r = .41; 24 h, t(27.064) = 2.211, p = 0.036, r = .39). The groups' 

false alarm rate for different foils did not differ significantly at the 1-week test time (t(30) = 1.743, 

p = 0.092, r = .30). False alarm rate for the different foils increased significantly over time overall 

(main effect of test time, F(2.942, 88.274) = 17.980, p < 0.001, η
2

p = .375, see Table 3 for a full 

breakdown of false alarm changes over consecutive test pairs). However, there was no significant 

test time ∗ group interaction (F(2.942, 88.274) = 0.266, p = 0.846, η
2

p = .009). 

 

3.2.6. False alarm rate for similar versus different foils 

Overall, false alarm rate was significantly higher for similar foils than for different foils (main 

effect of foil type, F(1, 30) = 155.11, p < .001, η
2

p = .838). In the patients, this was the case at the 5-

minute test time (t(15) = 6.660, p < .001, r = .86), the 2.5-hour test time (t(15) = 4.027, p < .005, 

r = .72), and the 7.5-hour test time (t(15) = 3.169, p < .01, r = .63) but not at the 24-hour test time 

(t(15) = 1.726, p = .105, r = .41) and 1-week test time (t(15) = .518, p = .612, r = .13). In the 
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controls, this was the case at the 5-minute test time (t(15) = 5.700, p < .001, r = .83), the 2.5-hour 

test time (t(15) = 3.387, p < .005, r = .66), and the 7.5-hour test time (t(15) = 3.602, p < .005, 

r = .68). The difference was marginally significant at the 24-hour test time (t(15) = 2.926, p = .01, 

r = .60) and at the 1-week test time (t(15) = 2.506, p = .024, r = .54). 

There was a significant foil type ∗ test time interaction (F(4, 120) = 3.917, p < .01, η
2

p = .115) 

such that the false alarm rate increased significantly over time for different foils (F(2.942, 

88.274) = 17.980, p < 0.001, η
2

p = .375) but not for similar foils (F(4, 120) = 1.993, p = .1, 

η
2

p = .062) (as reported above). However, there was no significant foil type ∗ group interaction (F(1, 

30) = .007, p = .936, η
2

p = 0) or foil type ∗ test time ∗ group interaction (F(4, 120) = .692, p = .599, 

η
2

p = .023). 

 

<<<INSERT FIGURE 3 ABOUT HERE >>> 

 

3.2.7. Detail memory (Hit rate - similar foil false alarm rate) 

As shown in Fig. 4, the patient group's detail memory scores were significantly lower than those 

of the control group (main effect of group: F(1, 30) = 25.911, p < 0.001, η
2

p = .463), and this group 

difference was already present at the 5-minute test time (t(30) = − 3.228, p < 0.005, r = .51). Detail 

memory scores dropped significantly over time across groups (main effect of test time: F(4, 

120) = 37.521, p < 0.001, η
2

p = .556, see Table 3 for a full breakdown of detail memory score 

changes over consecutive test pairs). However, the early group difference in detail memory remained 

stable and significant at all test times, without any additional increases in magnitude over time, i.e., 

no significant interaction between group and test time (F(4, 120) = 1.307, p = 0.271, η
2

p = .042), 

(group differences: 2.5 h: t(30) = − 4.792, p < 0.001, r = .66; 7.5 h: t(30) = − 2.926, p < 0.01, r = .47; 

24 h: t(30) = − 3.274, p < 0.005, r = .51; 1 week: t(30) = − 2.794, p < 0.01, r = .45). 

 

<<<INSERT FIGURE 4 ABOUT HERE>>> 

 

3.2.8. Response bias 

As shown in Table 4, response bias C increased significantly over time overall (F(2.458, 

73.729) = 2.94, p < .05, η
2

p = .089). However, there was no significant difference in response bias C 

between the patient group and the control group (main effect of group, F(1, 30) = .606, p = .442, 

η
2

p = .02) and no significant group ∗ test time interaction (F(2.458, 73.729) = .117, p = .976, 

η
2

p = .004). 
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<<<INSERT TABLE 4 ABOUT HERE>>> 

 

3.2.9. NART, HADS and d’ 

The control group outperformed the patient group in the NART, resulting in a subtle, albeit 

significant group difference in NART-predicted verbal IQ (t(30) = − 2.188, p = 0.037, r = .37) (see 

Table 2). However, inclusion of the NART-predicted verbal IQ as a covariate in the analysis of d′ 

scores had no substantial effect on our main findings: d′ remained lower in the patient group than in 

the control group, and this group difference was marginally significant at the 5-minute test time (F(1, 

29) = 6.777, p = 0.014, η
2

p = .189), significant at the 2.5-hour test time (F(1, 29) = 17.763, p < 0.001, 

η
2

p = .380), near-significant at the 7.5-hour test time (F(1, 29) = 7.523, p = 0.01, η
2

p = .206), and 

significant at the 24-hour test time (F(1, 29) = 10.667, p < 0.005, η
2

p = .269) and at the 1-week test 

time (F(1, 29) = 13.073, p < 0.005, η
2

p = .311). 

The HADS — depression scores were significantly higher in the patient group than in the control 

group (t(30) = 3.028, p = 0.005, r = .48) (see Table 2). However, inclusion of the HADS — 

depression scores as a covariate in the d′ analysis had no substantial effect on our main findings: d′ 

scores remained lower in the patient group than in the control group, and this group difference was 

significant at the 5-minute test time (F(1, 29) = 9.788, p < 0.005, η
2

p = .252), the 2.5-hour test time 

(F(1, 29) = 24.707, p < 0.001, η
2

p = .460), near-significant at the 7.5-hour test time (F(1, 29) = 7.484, 

p = 0.011, η
2

p = .205), and significant at the 24-hour test time (F(1, 29) = 11.577, p < 0.005, 

η
2

p = .285) and at the 1-week test time (F(1, 29) = 9.496, p < 0.005, η
2

p = .247). 

 

3.3. Nonparametric tests 

 

The parametric results above were confirmed by nonparametric analyses, the full details of which 

can be found in Supplementary analysis A. 

 

4. Discussion 

 

The aim of the present study was to examine in detail visual recognition memory in patients with 

TEA over standard and longer delays. Our key findings were (i) that the patient group's performance 

(d′) on our test of picture recognition was already significantly lower than that of the control group 

after a delay of 5–50 min, and (ii) that picture recognition (d′) declined at a similar rate in the patient 



Impaired picture recognition in TEA 

 

 

17

group and the control group over the subsequent week, i.e., no ALF was detected. We will discuss 

these key findings in turn. 

 

4.1. Early visual recognition deficit in TEA 

 

The early recognition deficit elucidated here in TEA using a demanding test of visual recognition 

memory is in keeping with previous reports of subtle, albeit significant deficits in recognition after 

standard delays [2]. Our experimental findings thus strengthen the evidence for a mild and early 

recognition deficit in TEA. Moreover, our findings provide more detailed neuropsychological insight 

into this deficit by dissecting recognition performance into hit rate, false alarm rate for similar and 

different foils, and detail memory. 

Hit rate was subtly lower in the patient group than in the control group, but this difference was not 

significant (see Fig. 3). False alarm rate was higher in the patient group than in the control group 

across the first 24 h of the study, and this difference was significant at the 5-minute and 2.5-hour test 

times. This was true for both similar foils and for different foils. (see Fig. 3). Lastly, the patients' 

‘detail memory’ (hit rate − similar false alarm rate) was significantly lower than that of the controls 

at all test times (see Fig. 4). 

It is unlikely that this recognition deficit in our patient group can be accounted for by the small 

group differences in NART-predicted verbal IQ levels or HADS — depression scores since the 

deficit in TEA remained significant after controlling for these subtle differences. Moreover, there 

also is little evidence that this deficit is associated with differences between the two groups in 

response bias: both groups showed a conservative response bias, which did not differ significantly 

between groups. 

Good performance on our picture recognition test is contingent upon the intact functioning of a 

series of cognitive processes, namely, (1) perception, (2) encoding of target memory, (3) 

consolidation of target memory, and (4) matching and discrimination of incoming visual scene 

information and target memory. 

The near-perfect performance on the perception/short-term memory control test in the patient 

group makes impaired perception or visual discrimination unlikely determinants of the recognition 

deficit in TEA. That is, the patients with TEA were able to extract, within 700 ms, enough visual 

details from a picture to allow for correct identification of potential subtle differences in a second 

picture presented after a delay of 900 ms. 
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The pattern of a subtle, albeit nonsignificant, decrement in hit rate and a more prominent increase 

in false alarm rate could be accounted for by impoverished target memories. Indeed, the ‘recall to 

reject’ hypothesis posits that, although successful recognition of targets (i.e., hits) can be 

accomplished via gist memory alone, correct rejection of similar foils depends heavily on detailed 

target memories [33-36]. When such detail is absent or impoverished, recognition relies on 

general/gist memory, and this can result in false recognition if there is shared gist information 

between the target and the presented stimulus. Therefore, a patient with impaired detail memory, but 

spared or relatively spared gist memory, should achieve a normal or near-normal hit rate, as observed 

here. However, the patient's impoverished target detail memory would render them susceptible to 

false alarms, in particular when the target and the foil share much gist information. This would result 

in heightened false recognition, as observed in many of the patients with TEA in this study. 

Target detail memories could be impoverished in TEA as a result of insufficient encoding. 

Insufficient encoding has been proposed recently as a basis for heightened false alarms in healthy 

people [34]. Alternatively, target detail memories could be impoverished in TEA because of deficits 

in early consolidation, either due to an inevitable impairment of early consolidation or due to a 

heightened susceptibility of early consolidation to disruptions from ongoing encoding [37-39]. Given 

the vast number of complex pictures (N = 300) that had to be encoded and consolidated during 

picture presentation, our 5-minute picture recognition test might have been more sensitive to such a 

susceptibility of early consolidation in TEA, compared with 30-minute story recognition (see Table 

2) or 30-minute cued verbal recall [11], for which no significant group difference was revealed. 

 

4.2. Visual recognition memory over longer delay – absence of ALF 

 

It is hypothesized that, in addition to subtle early deficits, approximately half (44%) of patients 

with TEA have a substantial and disproportionate impairment of later consolidation processes 

[2,5,7,11,12]. This impairment is thought to give rise to ALF, at least in free recall and cued recall 

(see review in [9]). 

The present systematic examination of picture recognition memory over longer delays revealed 

that recognition performance declined significantly over the 1-week interval in both groups, and that 

the rate of this decline in the patient group was comparable to that of the control group. Specifically, 

in both groups, there was a significant overall decline in hit rate, coupled with a significant increase 

in false alarm rate (see Fig. 3 and Table 3). This pattern is indicative of increasingly poor 

discrimination between targets and foils and thus of an overall impoverishment of target memory 
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traces over time. After 1 week, the patient group's number of false alarms to different foils matched 

the number of false alarms to similar foils, suggesting substantial memory decay of both gist and 

visual details [40]. It is of note that unlike in the controls, false alarm rate to similar foils did not 

increase over time in the patient group but remained at the raised level of 0.3 (see Fig. 3). This likely 

reflects the substantial degradation of target memories, which had already been weaker at baseline, 

thereby resulting in several apparent ‘correct rejections’ of similar foils due to lacking target 

memories rather than due to sound target — similar foil discrimination. 

Importantly, no ALF was detected over the 1-week interval in the patient group via any of the 

picture recognition measures applied (d′, hit rate, false alarm rate, or detail memory). Instead, the 

early recognition deficit observed after 5–50 min was carried over across the week (see Fig. 2, 

Fig. 3 and Fig. 4). 

There are several potential interpretations of this finding of comparable long-term forgetting rates 

in the patient group and the control group in our picture recognition test. It is possible that ALF in 

visual recognition was masked by a floor effect in the present picture recognition test. Although the 

patient group as a whole performed significantly above chance after 1 week, several patients were 

near chance level. However, the findings did not change after exclusion of near-floor participants. 

Moreover, there was no evidence of ALF in the patient group over 24 h or earlier, at which point 

recognition was well above chance in both groups. This contrasts with the verbal cued recall test, in 

which several of the present patients with TEA showed ALF over the first 3–8 h [11]. Further 

evidence against a floor effect account of the ‘normal’ long-term forgetting rates can be gleaned 

from a recent study by Evans et al. [41] in presurgical patients with TLE. Like our TEA patients, 

these patients with TLE showed ALF over a 1-week interval in a test of verbal recall but not in a 

picture recognition test, in which 1-week performance was well above floor in both groups. 

A further possibility is that ALF is the result of a very early, subtle deficit of anterograde 

memory, which is detectable within minutes via demanding memory tests such as our picture 

recognition test. If so, ALF could be less apparent in a test like ours since some of the later deficit 

would be revealed already after minutes, thereby reducing any group × time interaction. However, 

one would nonetheless expect picture recognition to continue to decline disproportionately over time 

in patients with TEA if a very early memory deficit were driving ALF in TEA. Fig. 2, 

Fig. 3 and Fig. 4 show that such was not the case. 

It might be conjectured that our patient group as a whole did not have substantial ALF, thereby 

resulting in the absence of ALF in our picture recognition test. However, all patients complained of 

ALF, and the majority (69%) of this group of patients showed ALF on our verbal cued recall test 
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conducted over the same test intervals (see Table 1) [11]. Importantly, the absence of ALF in the 

visual recognition test persisted when only these 11 patients with ‘verbal test ALF’ were included in 

the analysis. 

Alternatively, it could be that ALF in TEA is an isolated verbal phenomenon, leading to the 

apparent dissociation between verbal recall and visual recognition in our patient group. However, 

previous TEA work applying tests of free recall has revealed ALF both for verbal and visual stimuli 

(line drawings) [2]. This notwithstanding, it is possible that our sample consisted predominantly of 

TEA patients with isolated verbal ALF, perhaps due to left-hemispheric interictal epileptiform 

discharges. Indeed, the surface EEG records shown in Table 1 indicate that the majority of patients 

with interictal epileptiform discharges had left-hemispheric discharges (5/7 patients), that two had 

bilateral discharges, and that no patient had isolated right-hemispheric discharges. However, several 

of the patients showing ALF on the verbal test had normal surface EEG records, indicating that 

surface EEG findings do not reliably predict ALF. In general, surface EEG lacks sensitivity to 

abnormal activity arising in the medial temporal lobe, and we are therefore cautious with regard to 

drawing firm conclusions based on these data. 

Given the possibility that group level analysis might have masked ALF in visual recognition 

performance in a minority of patients, we examined the picture recognition data at the individual 

level. This analysis revealed that four patients with TEA (5, 6, 13, and 16) performed within 1 SD of 

the d′ mean of the controls at the 5-minute test time, yet more than 1 SD below the d′ mean of the 

controls at the 1-week test time — a pattern that could be indicative of ALF (see Supplementary Fig. 

B and Supplementary Table A). However, two controls (3 and 13, see Supplementary Fig. B and 

Supplementary Table A) also showed a substantial drop in d′ from 5 min (within 1 SD from control 

mean) to 1 week (> 1 SD below control mean), leaving it unclear whether the forgetting rates of 

patients 5, 6, 13 and 16 truly constitute ALF. 

Lastly, it is plausible that recognition memory, or at least visual recognition memory, simply is 

not affected by ALF in TEA or that it is affected by ALF to a lesser extent, thereby resonating with 

the findings of relatively spared anterograde recognition memory in some patients with anterograde 

memory deficits in tests of free recall [42-45]. 

Future research should apply our picture recognition test in a group of TEA patients with ALF in 

tests of visual recall, so as to establish firmly whether or not visual recognition memory is affected 

by ALF. 
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4.3. Conclusions 

 

We have found evidence for an early visual recognition memory deficit in patients with TEA, 

evident within minutes, with an increased false alarm rate, especially for similar foils. There was no 

evidence for a perceptual impairment or for a delayed impairment – ALF – affecting visual 

recognition memory performance. 

The present picture recognition data and previous verbal cued recall data [11] could hint at 

separable memory deficits in TEA: (i) a deficit in early recognition, possibly reflecting subtle 

encoding or early consolidation impairments, and (ii) a deficit in longer-term retention/consolidation, 

which might not be detectable via recognition tests, at least not via the picture recognition test 

applied here. 

Our fine-grained examination of the early visual recognition deficit in TEA suggests that at least 

some patients with TEA are prone to falsely recognizing everyday visual information that they have 

not in fact seen previously. This recognition deficit, in addition to their ALF in free recall, is likely to 

impact their memory in everyday life, and future research should examine possible links between 

such false recognition and déjà vu in TEA and TLE. 

Finally, given that standard neuropsychological memory tests often fail to pick up subtle memory 

deficits in TEA, a demanding visual recognition test like ours could be a useful measure of memory 

function in patients with TEA. 
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Figure captions:  

 

Figure 1. The study consisted of picture presentation, followed by 5 recognition tests, taking place 5 

min, 2.5 h, 7.5 h, 24 h, and 1 week after completion of picture presentation. During picture 

presentation, participants viewed 300 colored everyday scenes, which they were asked to try to 

remember in detail for a subsequent picture memory test. During each recognition test, participants 

were presented with a subset of 40 presentation pictures, 20 similar foils and 20 different foils, and 

instructed to make a ‘yes/no’ response for each picture. Similar foils differed from their presentation 

picture counterparts by means of minor, though visible, changes in the background or by having 

different characters in the scene (i.e., same character(s) with changed background scene or different 

character(s) with the same background scene). Their presentation picture counterparts were not 

included in the recognition tests. 

 

Figure 2. d′ at the 5 test times (i.e., 5 min, 2.5 h, 7.5 h, 24 h, and 1 week following completion of 

picture presentation) for patients with TEA and controls. The d′ score is based on all foils combined. 

Error bars represent the standard deviation (SD). **p < .01, ***p < .001. 

 

Figure 3. Hit rates and false alarm rates for similar foils and for different foils in the patients with 

TEA and in the controls at the 5 test times. Error bars represent the standard deviation (SD). 

**p < .01, ***p < .001, and *p-value close to the Bonferroni-adjusted .01 significance level. 

 

Figure 4. Detail memory (hit rate − similar foil false alarm rate) in the patients with TEA and in the 

controls at the 5 test times. Error bars represent the standard deviation (SD). **p < .01, ***p < .001. 

 

 



  

Table 1 – TEA patient information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: sps stands for ‘simple partial seizures’, cps for ‘complex partial seizures’ and ‘tcl’ for ‘tonic-clonic seizures’; (L) = Left, (BL) = 

Bilateral. ‘Epileptiform’ EEGs were compatible with a temporal lobe origin. The verbal ALF test is reported in full in Hoefeijzers et al. [11]. 

* Small area of right frontal encephalomalacia and slightly excessive global atrophy on MRI 

** Left hippocampal cyst; left putaminal T2 hypointensity 

 

Patient ID Gender Age Age at onset Evidence for a diagnosis of epilepsy Imaging ALF in verbal test 

    EEG Other features Treatment response  

1 M 69 67 not performed none complete normal CT Yes 

2 M 66 

 

61 normal none complete normal MRI Yes 

3 M 66 

 

55 normal none complete normal MRI Yes 

4 M 68 65 normal none complete normal MRI No 

5 M 71 

 

65 normal tcl complete normal MRI Yes 

6 M 75 

 

67 normal sps, cps complete normal MRI Yes 

7 M 76 73 normal cps complete abnormal MRI* Yes 

8 F 60 56 normal none complete normal MRI No 

9 F 81 76 normal sps, cps partial normal MRI No 

10 M 63 54 epileptiform (L) sps, cps complete normal MRI No 

11 M 67 66 epileptiform (L) none complete normal MRI Yes 

12 M 73 

 

71 epileptiform (L) sps complete normal MRI Yes 

13 M 74 

 

67 epileptiform (L) cps complete normal MRI Yes 

14 F 74 71 epileptiform (L) sps complete normal MRI No 

15 M 74 

 

53 epileptiform (BL) sps partial normal MRI Yes 

16 F 57 

 

mid 20s epileptiform (BL) tcl, cps partial abnormal MRI** Yes 



  

 

Table 2 - Demographic, clinical and neuropsychological profile of Transient Epileptic Amnesia (TEA) patients and control 

participants. 

Variable TEA Patients (n = 16) 

Mean (SD) 

 Controls (n = 16) 

Mean (SD) 

 
effect size (r) 

   

Age (years) 69.63 (6.33)  67.00 (4.05)  r = .25 

Sex distribution 12M / 4F  8M / 8F   

Education (years) 13.19 (3.10)  14.88 (3.54)  r = .25 

      

IQ measures (max score)      

NART-predicted verbal IQ (129) 117.42 (6.33)     121.99 (5.45)  *   r = .37  

WASI similarities test – scaled scores (19)   12.81 (1.64)    13.63 (1.54)   r = .25 

WASI matrix reasoning – scaled scores (19)   13.81 (2.23)    14.06 (1.84)   r = .06 

      

Episodic memory scores (max score)      

WMS-III Logical memory immediate recall – raw scores (25) 14.69 (3.22)  16.38 (2.83)  r = .28 

WMS-III Logical memory delayed recall – raw scores (25) 13.38 (4.00)  15.88 (3.26)  r = .33 

WMS-III Logical memory % retention (100)    88.58 (13.81)    94.36 (11.14)  r = .23 

WMS-III Logical memory recognition test – raw scores (15) 13.25 (1.44)  13.56 (1.36)  r = .11 

Rey figure delayed recall – raw scores (36) 19.53 (5.15)  21.84 (6.55)  r = .20 

 

Visuospatial perception (max score) 
     

Rey figure copy – raw scores (36) 34.50 (2.07)  35.31 (1.20)  r = .27 

      

Executive function       

FAS Letter fluency – raw scores (words/3 minutes) 41.25 (9.57)   44.94 (12.79)  r = .17 

      

Mood score (max score)      

HADS – anxiety (21) 6.13 (2.47)  5.00 (3.01)  r = .21 

HADS - depression (21) 4.25 (2.46)        1.94 (1.81)  **  r = .48   

Note. NART = National Adult Reading Test; WASI = Wechsler Abbreviated Scale of Intelligence; IQ = Intelligence Quotient; WMS-III = Wechsler 

Memory Scale-III; HADS = Hospital Anxiety and Depression Scale. WMS-III Logical memory % retention = (delayed recall/immediate recall) x 100; 

Numbers in parentheses after test name = maximum score on that test; * p < 0.05, ** p < 0.01 



  

Table 3 - p-values and effect size (r) for paired-samples t-tests between consecutive test-pairs for the TEA group and control group 

separately 

           

  d' hit rate false alarm rate                  

all foils combined 
false alarm rate 

different foils                   

detail memory                    

(hit rate - similar false alarm rate) 

  TEA Controls TEA Controls TEA Controls TEA Controls TEA Controls 

test time interval           
5 min to 1 week 

 
p < .001 

r = .97 

p < .001 

r = .85 
p < .001 

r = .88 
p < .001 

r = .80 
p = .01 

r = .61 
p = .018 

r = .57 
p < .005 

r = .74 
p < .005 

r = .71 
p  < .001 

r = .94 
p  < .001 

r = .88 

           

5 min to 2.5 h 

 
p <.005 

r = .69 
p = .398 

r = .22 
p < .01 

r = .62 
 p =.085 

r = .43 
p = .245 

r = .30 
 p = .655 

r = .12 
p = .127 

r = .38 
p = .554 

r = .15 
p = .062 

r = .46 
p = .708 

r = .10 

2.5 h to 7.5 h 

 
p = .248 

r = .30 
p = .285 

r = .28 
p = .846 

r = .05 
p = .595 

r = .14 
p = .892 

r = .04 
p = .133 

r = .38 
p = 1.00 

r = .00 
p = .276 

r = .28 
p = .732 

r = .08 
p = .287 

r = .27 

7.5 h to 24 h 

 
p = .039 

r = .51 
p < .01 

r = .62 
p = .503 

r = .17 
p = .076 

r = .44 
p = .108 

r = .40 
p = .012 

r = .59 
p < .005 

r = .68 
p = .036 

r = .51 
p = .479 

r = .19 
p = .057 

r = .47 

24 h to 1 week 

 
p < .001 

r = .82 
p < .001 

r = .79 
p < .001 

r = .79 
p < .001 

r = .81 
p = .232 

r = .31 
p = .038 

r = .51 
p = .146 

r = .37 
p = .034 

r = .52 
p < .001 

r = .76 
p < .001 

r = .84 
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Table 4 - The response bias (C) in the picture recognition test at the 5 test times.  

 
 

TEA patients Controls  

delay 
 Response bias (C) 

Mean (SD) 

Response bias (C) 

Mean (SD) 

p-values and effect 

size (r) 

     

5min  0.14 (0.33) 0.21 (0.22) p = .487, r = .13 

2.5h  0.20 (0.37) 0.33 (0.23) p = .259, r = .23 

7.5h  0.23 (0.43) 0.29 (0.34) p = .700, r = .07 

24h  0.16 (0.44) 0.27 (0.39) p = .442, r = .15 

1w  0.36 (0.47) 0.42 (0.56) p = .737, r = .06 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Supplementary Figure A 
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Supplementary Figure B 

 

 
Individual participant d’ data at the 5-min test time and the 1-week test time for TEA patients and Controls separately 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Individual participant hit rate data at the 5-min test time and the 1-week test time for TEA patients and Controls separately 
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Individual participant similar foil false alarm data at the 5-min test time and the 1-week test time for TEA patients and Controls separately 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Individual participant different foil false alarm rate data at the 5-min test time and the 1-week test time for TEA patients and Controls 

separately 
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Individual participant detail memory (Hit rate – similar foil false alarm rate) data at the 5-min test time and the 1-week test time for TEA 

patients and Controls separately 
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Supplementary Table A 
Individual data and N of patients < 1SD from the control mean (underlined scores =  > 1SD from control 

mean) 

 

d’ 

Group   

Patient 

ID 5min 2.5h 7.5h 24h 1w 

Patients 1 2.17 2.24 2.09 1.5 1.19 

2 1.34 0.99 1.5 0.58 0.27 

3 1.39 1.36 1.47 1.39 0.45 

4 1.78 0.91 1.61 1.06 1.16 

5 1.6 1.2 1.35 0.65 0.57 

6 1.6 1.39 1.16 1.46 0.13 

7 1.2 0.86 0.57 0.63 0.21 

8 2.48 1.88 2.41 1.47 1.1 

9 1.78 1.69 2.11 1.14 0.84 

10 1.36 0.46 0.39 1.06 0.06 

11 1.35 1.1 1 0.84 0.64 

12 1.12 0.9 1.23 1 0.52 

13 1.74 1.41 1.57 1.09 0.49 

14 0.98 1.28 0.98 0.9 0.19 

15 1.19 1.06 1.1 1.39 0.19 

16 1.57 1.29 1.03 1 0 

N patients > 1SD 8 13 9 11 12 

% patients > 1SD 50 81.25 56.25 68.75 75 

Controls 1 1.96 1.43 1.67 1.67 0.86 

2 1.6 1.89 1.67 1.04 1.29 

3 3.08 1.71 1.97 1.07 0.4 

4 2.63 1.96 1.63 1.79 1.07 

5 1.54 1.88 1.54 1.35 0.84 

6 1.47 1.96 1.22 1.31 1.1 

7 1.96 1.49 2.11 1.49 1.72 

8 3.29 2.11 1.82 1.89 0.8 

9 1.05 2.04 2.72 1.69 0.7 

10 2.08 1.81 1.88 1.83 0.97 

11 2.11 2.15 2.03 1.23 1.02 

12 2.32 2.22 2.35 1.28 1.29 

13 2.32 2.49 1.67 1.6 0.47 

14 3.08 2.48 2.72 2.37 0.98 

15 3.08 3.6 2.72 2.17 1.2 

16 1.69 1.82 1.16 1.49 0.81 

Control mean 2.20 2.07 1.93 1.58 0.97 

Control SD 0.67 0.50 0.49 0.37 0.32 

Control mean - 1 SD   1.53 1.56 1.44 1.21 0.65 
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Hit rate 

Group   

Patient 

ID 5min 2.5h 7.5h 24h 1w 

Patients 1 0.7 0.73 0.55 0.53 0.33 

2 0.53 0.33 0.53 0.33 0.4 

3 0.83 0.85 0.88 0.83 0.5 

4 0.83 0.7 0.83 0.55 0.55 

5 0.88 0.75 0.73 0.7 0.58 

6 0.68 0.68 0.55 0.7 0.45 

7 0.7 0.75 0.65 0.78 0.7 

8 0.85 0.73 0.68 0.58 0.53 

9 0.83 0.78 0.75 0.65 0.28 

10 0.85 0.7 0.68 0.83 0.53 

11 0.73 0.53 0.83 0.68 0.58 

12 0.7 0.53 0.58 0.53 0.53 

13 0.68 0.55 0.55 0.48 0.13 

14 0.73 0.78 0.73 0.88 0.6 

15 0.6 0.55 0.53 0.68 0.45 

16 0.55 0.6 0.58 0.53 0.33 

N patients > 1SD 3 6 7 5 4 

% patients > 1SD 18.75 37.5 43.75 31.25 25 

Controls 1 0.75 0.78 0.88 0.9 0.75 

2 0.8 0.68 0.7 0.5 0.25 

3 0.93 0.75 0.85 0.63 0.45 

4 0.75 0.75 0.73 0.78 0.78 

5 0.65 0.8 0.65 0.75 0.7 

6 0.58 0.63 0.48 0.45 0.53 

7 0.7 0.68 0.75 0.68 0.3 

8 0.95 0.75 0.65 0.68 0.55 

9 0.68 0.73 0.78 0.6 0.33 

10 0.83 0.7 0.9 0.95 0.8 

11 0.75 0.58 0.65 0.58 0.45 

12 0.85 0.83 0.65 0.5 0.25 

13 0.85 0.8 0.7 0.68 0.45 

14 0.95 0.85 0.93 0.83 0.65 

15 0.93 0.95 0.9 0.7 0.7 

16 0.78 0.75 0.55 0.68 0.45 

Control mean 0.80 0.75 0.73 0.68 0.52 

Control SD 0.11 0.09 0.13 0.14 0.19 

  Control mean - 1 SD   0.68 0.66 0.60 0.54 0.34 
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False alarm rate (all foils combined) 

Group   

Patient 

ID 5min 2.5h 7.5h 24h 1w 

Patients 1 0.05 0.05 0.03 0.08 0.05 

2 0.1 0.08 0.08 0.15 0.3 

3 0.33 0.38 0.38 0.33 0.33 

4 0.2 0.35 0.25 0.18 0.15 

5 0.33 0.3 0.23 0.45 0.35 

6 0.13 0.18 0.15 0.18 0.4 

7 0.25 0.43 0.43 0.55 0.63 

8 0.08 0.1 0.03 0.1 0.15 

9 0.2 0.18 0.08 0.23 0.08 

10 0.38 0.53 0.53 0.45 0.5 

11 0.23 0.15 0.48 0.35 0.33 

12 0.28 0.2 0.15 0.18 0.33 

13 0.1 0.1 0.08 0.13 0.05 

14 0.35 0.3 0.35 0.6 0.53 

15 0.18 0.18 0.15 0.18 0.38 

16 0.08 0.15 0.2 0.18 0.33 

N patients > 1SD 9 10 7 6 5 

% patients > 1SD 56.25 62.5 43.75 37.5 31.25 

Controls 1 0.1 0.25 0.3 0.35 0.43 

2 0.23 0.08 0.13 0.15 0.03 

3 0.05 0.15 0.18 0.23 0.3 

4 0.03 0.1 0.15 0.15 0.38 

5 0.13 0.15 0.13 0.25 0.38 

6 0.1 0.05 0.1 0.08 0.15 

7 0.08 0.15 0.08 0.15 0 

8 0.05 0.08 0.08 0.08 0.25 

9 0.28 0.08 0.03 0.08 0.13 

10 0.13 0.1 0.28 0.43 0.45 

11 0.08 0.03 0.05 0.15 0.13 

12 0.1 0.1 0.03 0.1 0.03 

13 0.1 0.05 0.13 0.13 0.28 

14 0.08 0.08 0.1 0.08 0.28 

15 0.05 0.03 0.08 0.05 0.25 

16 0.18 0.13 0.15 0.15 0.18 

Control mean 0.11 0.10 0.13 0.16 0.23 

Control SD 0.07 0.06 0.08 0.10 0.14 

  Control mean + 1SD   0.18 0.16 0.20 0.27 0.37 
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False alarm rate to similar foils 

Group   

Patient 

ID 5min 2.5h 7.5h 24h 1w 

Patients 1 0.1 0.1 0.05 0.15 0.05 

2 0.2 0.15 0.1 0.1 0.45 

3 0.4 0.5 0.35 0.25 0.4 

4 0.3 0.45 0.3 0.25 0.25 

5 0.5 0.45 0.25 0.5 0.35 

6 0.25 0.2 0.2 0.15 0.45 

7 0.4 0.35 0.5 0.6 0.7 

8 0.15 0.2 0 0.2 0.15 

9 0.35 0.2 0.1 0.3 0.1 

10 0.4 0.6 0.75 0.45 0.4 

11 0.25 0.2 0.6 0.35 0.3 

12 0.3 0.25 0.15 0.1 0.35 

13 0.15 0.15 0.1 0.1 0.05 

14 0.5 0.4 0.35 0.7 0.4 

15 0.25 0.3 0.3 0.25 0.3 

16 0.1 0.1 0.35 0.25 0.3 

N patients > 1SD 8 7 8 5 3 

% patients > 1SD 50 43.75 50 31.25 18.75 

Controls 1 0.15 0.4 0.25 0.3 0.5 

2 0.35 0.15 0.25 0.15 0 

3 0.1 0.2 0.2 0.35 0.3 

4 0.05 0.1 0.15 0.2 0.4 

5 0.25 0.3 0.2 0.35 0.45 

6 0.2 0.1 0.2 0.1 0.15 

7 0.1 0.15 0.1 0.25 0 

8 0.1 0 0.1 0.1 0.3 

9 0.4 0.15 0.05 0.1 0.2 

10 0.15 0.15 0.45 0.45 0.4 

11 0.15 0.05 0.1 0.15 0.1 

12 0.2 0.2 0 0.15 0 

13 0.2 0.05 0.2 0.15 0.35 

14 0.15 0.1 0.15 0.15 0.45 

15 0 0.05 0.15 0.1 0.35 

16 0.3 0.2 0.2 0.1 0.25 

Control mean 0.18 0.15 0.17 0.20 0.26 

Control SD 0.11 0.10 0.10 0.11 0.17 

  Control mean + 1SD    0.28 0.25 0.27 0.31 0.43 
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False alarm rate to different foils 

Group   

Patient 

ID 5min 2.5h 7.5h 24h 1w 

Patients 1 0 0 0 0 0.05 

2 0 0 0.05 0.2 0.15 

3 0.25 0.25 0.4 0.4 0.25 

4 0.1 0.25 0.2 0.1 0.05 

5 0.15 0.15 0.2 0.4 0.35 

6 0 0.15 0.1 0.2 0.35 

7 0.1 0.5 0.35 0.5 0.55 

8 0 0 0.05 0 0.15 

9 0.05 0.15 0.05 0.15 0.05 

10 0.35 0.45 0.3 0.45 0.6 

11 0.2 0.1 0.35 0.35 0.35 

12 0.25 0.15 0.15 0.25 0.3 

13 0.05 0.05 0.05 0.15 0.05 

14 0.2 0.2 0.35 0.5 0.65 

15 0.1 0.05 0 0.1 0.45 

16 0.05 0.2 0.05 0.1 0.35 

N patients > 1SD 9 10 7 6 8 

% patients > 1SD 56.25 62.5 43.75 37.5 50 

Controls 1 0.05 0.1 0.35 0.4 0.35 

2 0.1 0 0 0.15 0.05 

3 0 0.1 0.15 0.1 0.3 

4 0 0.1 0.15 0.1 0.35 

5 0 0 0.05 0.15 0.3 

6 0 0 0 0.05 0.15 

7 0.05 0.15 0.05 0.05 0 

8 0 0.15 0.05 0.05 0.2 

9 0.15 0 0 0.05 0.05 

10 0.1 0.05 0.1 0.4 0.5 

11 0 0 0 0.15 0.15 

12 0 0 0.05 0.05 0.05 

13 0 0.05 0.05 0.1 0.2 

14 0 0.05 0.05 0 0.1 

15 0.1 0 0 0 0.15 

16 0.05 0.05 0.1 0.2 0.1 

Control mean 0.04 0.05 0.07 0.13 0.19 

Control SD 0.05 0.05 0.09 0.12 0.14 

  Control mean + 1SD    0.09 0.10 0.16 0.25 0.33 
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Detail memory 

Group   

Patient 

ID 5min 2.5h 7.5h 24h 1w 

Patients 1 0.6 0.63 0.5 0.38 0.28 

2 0.33 0.18 0.43 0.23 -0.05 

3 0.43 0.35 0.53 0.58 0.1 

4 0.53 0.25 0.53 0.3 0.3 

5 0.38 0.3 0.48 0.2 0.23 

6 0.43 0.48 0.35 0.55 0 

7 0.3 0.4 0.15 0.18 0 

8 0.7 0.53 0.68 0.38 0.38 

9 0.48 0.58 0.65 0.35 0.18 

10 0.45 0.1 -0.07 0.38 0.13 

11 0.48 0.33 0.23 0.33 0.28 

12 0.4 0.28 0.43 0.43 0.18 

13 0.53 0.4 0.45 0.38 0.08 

14 0.23 0.38 0.38 0.18 0.2 

15 0.35 0.25 0.23 0.43 0.15 

16 0.45 0.5 0.23 0.28 0.03 

N patients > 1SD 6 11 7 8 8 

% patients > 1SD 37.5 68.75 43.75 50 50 

Controls 1 0.6 0.38 0.63 0.6 0.25 

2 0.45 0.53 0.45 0.35 0.25 

3 0.83 0.55 0.65 0.28 0.15 

4 0.7 0.65 0.58 0.58 0.38 

5 0.4 0.5 0.45 0.4 0.25 

6 0.38 0.53 0.28 0.35 0.38 

7 0.6 0.53 0.65 0.43 0.3 

8 0.85 0.75 0.55 0.58 0.25 

9 0.28 0.58 0.73 0.5 0.13 

10 0.68 0.55 0.45 0.5 0.4 

11 0.6 0.53 0.55 0.43 0.35 

12 0.65 0.63 0.65 0.35 0.25 

13 0.65 0.75 0.5 0.53 0.1 

14 0.8 0.75 0.78 0.68 0.2 

15 0.93 0.9 0.75 0.6 0.35 

16 0.48 0.55 0.35 0.58 0.2 

Control mean 0.62 0.60 0.56 0.48 0.26 

Control SD 0.18 0.13 0.14 0.12 0.09 

  Control mean - 1 SD   0.43 0.48 0.42 0.37 0.17 
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Supplementary Analysis A 
Analyses repeated using non-parametric tests 

 

 
Mann-Whitney U test: comparing performance between TEA patients and controls at each test interval 

 

d’ scores:  

 

Mean rank 

 5-minute 2.5-hour 7.5-hour 24-hour 1-week 

TEA patients 11.75 9.78 11.63 10.88 11.63 

Controls 21.25 23.22 21.38 22.13 21.38 

 

delay 

5-minute: U = 52.0, z = -2.87, p < .005, r = -.51 

2.5-hour: U = 20.5, z = -4.05, p < .001, r = -.72 

7.5-hour: U = 50.0, z = -2.94, p < .005, r = -.52 

24-hour:  U = 38.0, z = -3.39, p < .001, r = -.60 

1-week:      U = 50.0, z = -2.94, p < .005, r = -.52 

 

 

 

 

Hit rates: 

 

Mean rank 

 5-minute 2.5-hour 7.5-hour 24-hour 1-week 

TEA patients 13.94 13.16 13.97 15.56 15.38 

Controls 19.06 19.84 19.03 17.44 17.63 

 

delay 

5-minute: U = 87.0, z = -1.55, p = .124, r = -0.27 

2.5-hour: U = 74.5, z = -2.03, p = .043, r = -0.36 

7.5-hour: U = 87.5, z = -1.53, p = .129, r = -0.27 

24-hour:  U = 113.0, z = -0.57, p = .581, r = -0.10 

1-week:      U = 110.0, z = -0.68, p = .507, r = -0.12 
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False alarm rates – All foils: 

 

Mean rank 

 5-minute 2.5-hour 7.5-hour 24-hour 1-week 

TEA patients 
20.63 21.69 19.34 20.34 18.91 

Controls 12.38 11.31 13.66 12.66 14.09 

 

delay 

5-minute: U = 62.0, z = -2.51, p = .011, r = -0.44 

2.5-hour: U = 45.0, z = -3.15, p < .005, r = -0.56 

7.5-hour: U = 82.5, z = -1.73, p = .086, r = -0.31 

24-hour:  U = 66.5, z = -2.33, p = .019, r = -0.41 

1-week:      U = 89.5, z = -1.45, p = .150, r = -0.26 

 

 

 

 

False alarm rates – Similar foils: 

 

Mean rank 

 5-minute 2.5-hour 7.5-hour 24-hour 1-week 

TEA patients 20.31 21.13 18.91 19.06 17.53 

Controls 12.69 11.88 14.09 13.94 15.47 

 

delay 

5-minute: U = 67.0, z = -2.32, p = .019, r = -0.41 

2.5-hour: U = 54.0, z = -2.82, p < .005, r = -0.50 

7.5-hour: U = 89.5, z = -1.46, p = .148, r = -0.26 

24-hour:  U = 87.0, z = -1.57, p = .120, r = -0.28 

1-week:      U = 111.5, z = -0.63, p = 0.54, r = -0.11 
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False alarm rates – Different foils: 

 

Mean rank 

 5-minute 2.5-hour 7.5-hour 24-hour 1-week 

TEA patients 20.09 20.81 19.66 19.97 18.94 

Controls 12.91 12.19 13.34 13.03 14.06 

 

delay 

5-minute: U = 70.5, z = -2.26, p = .024, r = -0.40 

2.5-hour: U = 59.0, z = -2.66, p < .01, r = -0.47 

7.5-hour: U = 77.5, z = -1.96, p = .052, r = -0.35 

24-hour:  U = 72.5, z = -2.11, p = .034, r = -0.37 

1-week:      U = 89.0, z = -1.49, p = .142, r = -0.26 

 

 

 

 

Detail memory: 

 

Mean rank 

 5-minute 2.5-hour 7.5-hour 24-hour 1-week 

TEA patients 12.06 10.31 12.13 11.91 12.5 

Controls 20.94 22.69 20.88 21.09 20.5 

 

delay 

5-minute: U = 57.0, z = -2.68, p < .01, r = -0.47 

2.5-hour: U = 29.0, z = -3.74, p < .001, r = -0.66 

7.5-hour: U = 58.0, z = -2.65, p < .01, r = -0.47 

24-hour : U = 54.5, z = -2.78, p < .005, r = -0.49 

1-week:      U = 64.0, z = -2.42, p = .014, r = -0.43 
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Friedman’s ANOVA: Comparing performance over the 5 delay intervals (5min, 2.5h, 7.5h, 24h and 

1week) within each group. 

 

 TEA patients 

(n = 16) 
Controls 

(n=16) 

   

D’ scores:  χ
2
(4) = 40.26, p < .001 χ

2
(4) = 37.31, p < .001 

Hit rates:  χ
2
(4) = 26.92, p < .001 χ

2
(4) = 21.24, p < .001 

False alarm rate – all foils χ
2
(4) = 9.49, p = .050 χ

2
(4) = 17.58, p = .001 

False alarm rate – similar foils χ
2
(4) = 1.57, p = .815 χ

2
(4) = 6.96, p = .138 

False alarm rate – different foils χ
2
(4) = 21.79, p < .001 χ

2
(4) = 23.45, p < .001 

Detail memory: χ
2
(4) = 23.22, p < .001 χ

2
(4) = 36.13, p < .001 

 

In case of significance, the Wilcoxon signed-rank test was applied to investigate over which intervals 

performance became significantly different (see next page). 
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P-values for Wilcoxon signed-rank test between consecutive test-pairs for the TEA group and control group separately 

           

  d' hit rate false alarm rate                  

all foils combined 

false alarm rate 

different foils                   

detail memory                 

(hit rate - similar false alarm 

rate) 

  TEA Controls TEA Controls TEA Controls TEA Controls TEA Controls 

test time interval 
          

5 min to 1 week 

 

p < .001 

r = .62 

p < .001 

r = .62 

p < .001 

r = .60 

< .005 

r = .55 

p = .012 

r = .43 

p =.022 

r = .40 

< .005 

r = .54 

< .005 

r = .51 

p < .001 

r = .62 

p < .001 

r = .61 

           

5 min to 2.5 h 

 

p < .005 

r = .52 

p =.495 

r = .13 

p =.018 

r = .41 

p =.124 

r = .28 

p =.425 

r = .15 

p =.772 

r = .06 

p =.109 

r = .31 

p =.644 

r = .10 

p =.063 

r = .33 

p =.811 

r = .05 

2.5 h to 7.5 h 

 

p =.329 

r = .18 

p =.269 

r = .20 

p =.772 

r = .06 

p =.605 

r = .10 

p =.256 

r = .21 

p =.179 

r = .24 

p =.893 

r = .03 

p =.426 

r = .16 

p =.649 

r = .09 

p =.315 

r = .18 

7.5 h to 24 h 

 

p =.043 

r = .36 

p =.016 

r = .42 

p =.585 

r = .10 

p =.108 

r = .29 

p =.155 

r = .26 

p =.013 

r = .43 

p < .01 

r = .48 

p =.034 

r = .38 

p =.396 

r = .16 

p =.072 

r = .32 

24 h to 1 week 

 

p < .001 

r = .60 

p < .005 

r = .53 

p < .001 

r = .56 

p < .001 

r = .56 

p =.269 

r = .20 

p =.037 

r = .37 

p =.208 

r = .24 

p =.025 

r = .39 

p < .005 

r = .54 

< .001 

r = .61 

           

 

 


