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Abstract: 

The constructive nature of memory implies a possible confusion between details of similar 

events. Memory interventions should thus target the reduction of memory errors. We postulate 

that a brief intervention called Episodic Specificity Induction (ESI) facilitates the sensorimotor 

simulation of event-related details by improving the distinctiveness of the event memory trace. 

As such, ESI should reduce memory errors only when event memory traces are strongly 

overlapping based on their sensorimotor features. Participants memorized videos showing 

characters performing an action on a given object. The characters were either visually very 

similar to each other or very distinct (low vs. high distinctiveness condition). Next, participants 

performed either an imagination version of the ESI or a control induction. Finally, a voice 

announced one of the actions seen and a character was then briefly displayed. The participants 

had to indicate whether the association was correct. For incorrect associations, in the low 

distinctiveness condition, false alarms were more likely than in the high distinctiveness 

condition and were reduced after the ESI. It suggests that facilitating the simulation of specific 

details through the ESI increased trace distinctiveness and reduced memory errors at the critical 

time of event reconstruction. Future clinical applications might be possible.

Keywords: episodic specificity induction, constructive memory, memory errors, sensorimotor 

simulation, trace distinctiveness. 
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INTRODUCTION

Less than a century ago, Bartlett (1932) rejected the idea that episodic memory passively 

and faithfully replays memories of past events, leading to the development of a more dynamic 

and constructive conception of memory. This conception is now widely accepted and suggests 

that episodic memory dynamically reconstructs memories of past events (see Schacter & Addis, 

2007a, 2007b; Surprenant & Neath, 2009; Versace et al., 2009, 2014) by recombining specific 

pieces of information (or details) about the event (see the Constructive Episodic Simulation 

Hypothesis, Schacter & Addis, 2007a, 2007b). Nevertheless, the downside of a flexible and 

dynamic recombination of memories is that memory distortions become an inherent part of 

memory (i.e., the details of different events become confused; see Schacter et al., 2011; 

Schacter & Coyle, 1995). Memory distortions can have serious consequences in everyday life 

as well as in eyewitness testimony (e.g., Loftus & Palmer, 1996; see also Loftus & Palmer, 

1974). For instance, an eyewitness can confuse a criminal with an innocent. Consequently, in a 

dynamic conception, memory performance depends on how accurate the reconstruction of 

memories is, and thus on the specificity of the details recalled in relation to the event, more than 

on the quantity of details recalled. It is therefore vitally important to develop effective 

interventions to reduce memory distortions and to improve the ability to access specific and 

correct details during reconstruction (for similar concerns, see Thakral et al., 2019). A 

constructive conception implies that such interventions can subsequently act not only at the 

time the memories are created but, above all, at the time they are accessed and reconstructed. 

The present study tests whether the benefits of such interventions occur only when the memory 

trace of the event to be reconstructed strongly overlap with the memory traces of similar events 

at the level of their sensorimotor features, as overlapping features (or details) do not contribute 

to the specific reconstruction of the event and may cause memory distortion.
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Episodic Specificity Induction 

A recently developed intervention called the Episodic Specificity Induction (ESI; 

Madore et al., 2014, 2019) has been shown to improve the (re)construction of past and future 

events. This intervention is based on a procedure known as the Cognitive Interview (Fisher & 

Geiselman, 1992; for a review, see Memon at al., 2010). In the study conducted by Madore et 

al. (2019), participants began by generating five experienced specific events (that took place in 

one place on one day) and giving each event a setting, a person, an object, and a title. After a 

filler task, participants were given one of three inductions before performing the main task. The 

'memory' version of the ESI consisted of giving participants the title and three details (i.e., a 

setting, person, and object) of one of their generated events and helping them to remember the 

event by encouraging them to form a clear mental picture of the scene with eyes closed and to 

describe the event in as much detail as possible (what people looked like and did, how objects 

were arranged and looked, and so on). The 'imagination' version of the ESI consisted of giving 

participants three details from different generated events and helping them to imagine a new 

event that could happen to them in the near future with the three details, using the same 

instructions as the 'memory' induction. The control induction consisted of giving participants 

math problems to complete. After the induction phase, participants completed the main task 

which was an adapted version of the Autobiographical Interview (see Gaesser et al., 2011; 

Madore at al., 2014; see also Levine et al., 2002) and consisted of asking participants to 1) 

remember and describe in detail an actual past event related to a picture cue (memory task); 2) 

imagine and describe in detail a plausible future event related to a picture cue (imagination 

task); or 3) describe in detail the content of a picture cue (picture description task). It was shown 

that compared to the control induction, both the memory and imagination versions of the ESI 

induced an increase in the number of specific details (e.g., sensorimotor and phenomenological 

details specific to the described event) produced in the subsequent memory and imagination 
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tasks but not in the picture description task. Accordingly, these results suggests that the ESI 

affect primarily the process of (re)constructing an event (past or future) rather than a 

reproductive retrieval process that require remembering the details of an actual past event. Such 

a constructive process is thought to be involved both when remembering and imagining an 

event (see Schacter & Addis, 2007a, 2007b) and to ensure the recombination of the details of a 

past event to construct it, or of several past events to construct an imaginary one. Consistently, 

several studies report evidence of overlapping neural and cognitive processes that support 

remembering past events and imagining future events (Mullally & Maguire, 2014; Schacter et 

al., 2012) thereby claiming the constructive nature of memory. However, the basic mechanisms 

underlying the event (re)construction process that are targeted and facilitated by the ESI remain 

elusive. Among the candidates is the sensorimotor simulation mechanism.

Sensorimotor simulation

 Recently, Purkart et al. (2019) proposed that sensorimotor simulation could be a key 

mechanism underpinning the event (re)construction targeted and facilitated by the ESI. 

Simulation is a reenactment of the brain states that occur while experiencing events (Barsalou, 

2008, 2009). For instance, when we see a picture of our 18th birthday cake, the brain areas 

specifically activated at the time of blowing out the candles during our 18th birthday party can 

be activated and sensorimotor features specific to this event can be simulated (e.g., the smell of 

the candles, the birthday song, etc.). Thus, reconstructing a specific past event would mean 

simulating its specific sensorimotor features. As simulation takes place in the sensorimotor 

areas of the brain, occupying these areas at the time of simulation (e.g., by displaying an 

interfering visual stimulus) interferes with the simulation and preactivating these areas 

facilitates the simulation (for related evidences in different sensorial modalities, see Brunel, 

2013; Brunel et al., 2010, 2013; Dabic et al., 2018; Rey et al., 2015; Riou et al., 2015; Vallet et 
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al., 2010; Vallet, Hudon, et al., 2013; Vallet, Simard, et al., 2013; Yee et al., 2013). 

Consequently, if the ESI targets and facilitates sensorimotor simulation, displaying an 

interfering visual stimulus should reduce the ESI-related benefits on event construction. Purkart 

et al. (2019) used a dynamic visual noise (DVN; McConnell & Quinn, 2004) as an interfering 

stimulus during a video recall task which was preceded by an ESI or a control induction. The 

DVN was supposed to occupy the visual areas solicited by the simulation of the specific visual 

features of the videos to be recalled and disrupt this simulation. They found that the benefits of 

the ESI for the generation of specific details in the subsequent video recall task were suppressed 

when the DVN was presented during recall, unlike the presentation of a visual control stimulus. 

This suggests that the ESI induces a facilitation of sensorimotor simulation of event-specific 

features, thus resulting in an increased solicitation of sensorimotor areas involved in this 

simulation (in this case, the visual areas in particular), except when these areas are already 

occupied by the processing of the DVN. Sensorimotor simulation therefore appears to be a key 

mechanism in event reconstruction that is targeted by the ESI. This hypothesis is not 

inconsistent with the hypothesis proposed by Madore et al. (2019) that if the ESI primarily 

reflects an influence on constructive retrieval processes, the downstream effects of the ESI 

should be observed on memory and imagination tasks (but not on a picture description task) 

after constructing an imagined future event during the ESI. Indeed, these tasks are both thought 

to rely on the (re)construction of an event notably through access to event-specific details, as 

opposed to the picture description task. However, multiple trace memory models (e.g., 

Activation-Integration model ; Versace et al., 2009, 2014) argue that access to event-specific 

details proceeds from the simulation of event-specific sensorimotor features and is just as 

necessary when imagining an event as when remembering it. To our knowledge there is no 

sufficient evidence to rule out either hypothesis, but the observation reported by Purkart et al. 

(2019) that an interfering visual stimulus suppresses the ESI-related benefits is sufficient to 
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suggest that sensorimotor simulation could be one of the key mechanisms underpinning the 

event (re)construction targeted and facilitated by the ESI. The dynamics of this mechanism have 

been described in detail in the Activation-Integration model (Act-In; Versace et al., 2009, 2014) 

as a function of the similarity of the events. This model helps to understand the simulation 

dynamic involved in inaccurate reconstructions and memory distortions and points the way to 

the use of appropriate palliative interventions.

Act-In: a multiple trace model

According to the Act-In model (Versace et al., 2009, 2014), all sensorimotor experiences 

are accumulated in the form of memory traces in our cognitive system. These traces reflect the 

brain states specific to each experience and their different sensorimotor features (or details). 

The more overlapping the memory traces are, the more likely it is that the overlapping features 

will be simulated at the expense of their specific features. This would reduce the weight of 

specific features and would therefore be detrimental for specific reconstruction and 

consequently increase memory errors (e.g., simulating a detail that is not specific to the memory 

being reconstructed; see Howe, 1998; Lyle & Johnson, 2006). Conversely, when memory traces 

are highly distinct from one another (i.e., when they share very few details), the simulation of 

features specific to a single trace should be facilitated, and the reconstruction should therefore 

be more accurate. The proportions of memory errors should therefore be lower in this situation. 

The probability of committing memory errors is therefore a function of the distinctiveness of 

the memory traces, which is itself determined by the degree of overlap between memory traces 

(see Brown et al., 2007; Ekstrom & Yonelinas, 2020; Surprenant & Neath, 2009). As a result, 

facilitating the simulation of features specific to a given trace by means of the ESI should 

increase the distinctiveness of the trace. This should reduce the probability of committing 

memory errors. However, this benefit should only be observed when the traces strongly overlap 
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than when they are very distinct. Therefore, manipulating the similarity between events to be 

reconstructed (i.e., the degree of overlap between memory traces) should reveal whether 

facilitating the simulation of trace-specific features (by the ESI) reduces memory errors in the 

low distinctiveness (or strong overlap) condition. 

 However, it is noteworthy that the ESI has been shown to increase memory errors 

(recall of critical lures) in the DRM paradigm (Deese-Roediger-McDermott; Deese, 1959; 

Roediger & McDermott, 1995; see Thakral et al., 2019). But although this paradigm is central 

to the study of memory errors, the memory errors produced in this paradigm are not related to 

some other memory errors produced in other paradigms (e.g., in misinformation paradigm, see 

Calvillo & Parong, 2016; Ost et al., 2013; in semi-autobiographical false news story tasks, see 

Patihis, 2016; for relation between DRM false memories and autobiographical rich false 

memories, see Clancy et al., 2000; Meyersburg et al., 2009). Furthermore, the ESI has never 

been applied, to the best of our knowledge, in paradigms other than DRM to determine whether 

or not it could influence memory errors. Therefore, studying the effects of the ESI on memory 

errors produced by the perceptual similarity between novel events to be reconstructed (in a 

different paradigm, richer and more ecological material than in the DRM) should be informative 

and provide insight to whether facilitating the simulation of specific details (by the ESI 

according to our hypothesis) reduces the memory errors elicited in a high similarity condition.

The present study

Memory trace distinctiveness was manipulated in the present study by creating several videos 

showing characters performing an action on a given object. Perceptual similarity varied 

between the characters in a block of 4 videos (one character per video): for half of the blocks,  

the characters in each block shared a large number of features (LOW DISTINCTIVENESS 

condition), and for the other half they shared very few features (HIGH DISTINCTIVENESS 
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condition). Each video was associated with an audio track of a voice describing the action on 

the object performed by the filmed character (e.g., “Sitting on a chair”). Participants took part 

in each of the two sessions of the experiment, which were identical except for the material 

studied and the induction received. Each session included a study phase, an induction phase, 

and a test phase. In the study phase, participants had to watch and memorize the videos (who 

did what action with what object). Each participant watched as many blocks of the LOW 

DISTINCTIVENESS condition as of the HIGH DISTINCTIVENESS condition, in order to 

manipulate the « Distinctiveness » factor (i.e., the first independent variable) as a within-subject 

factor. After the study phase, in the induction phase, participants performed an ESI or a control 

induction in a counterbalanced manner, in order to manipulate the « Induction » factor (the 

second independent variable) as a within-subject factor. In the subsequent test phase, only the 

audio tracks of the videos were played again, each of them being followed by a photograph of 

a character that the participants had to judge, as quickly and accurately as possible, if it matches 

exactly the character who performed the action (for MATCH trials), or if it does not match (for 

MISMATCH trials). Each participant completed as many MATCH trials as MISMATCH trials. 

The dependent variables were hit rates (i.e., correct responses rates for MATCH trials), false 

alarm rates (i.e., errors rate for MISMATCH trials), and response times.

In accordance with Act-In (and with other models, see for instance the SIMPLE model, 

e.g., Surprenant & Neath, 2009) highly similar events should lead to strongly overlapping 

memory traces and should be associated with more memory errors. Listening to the audio track 

should trigger a simulation of the action in question on the object associated with a character, 

and this simulation should be all the more specific to a character, the more distinct it is from 

the others. Thus, if the test character is different from the simulated character (MISMATCH 

trials), the responses should be more accurate (and quicker) in the HIGH DISTINCTIVENESS, 

because this trial type require to access distinctive features to avoid false alarms. If the test 
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character is identical to the simulated character (MATCH trials), then its distinctiveness should 

not matter, because this trial type does not require to discriminate the characters from each 

other, but instead require finding a match between the test character and the simulated character. 

In addition, if the ESI, by facilitating the simulation of trace-specific features, increases trace 

distinctiveness, it should only be beneficial in reducing memory errors (i.e., false alarms) in 

MISMATCH trials. However, since the overlap between traces is already low in the HIGH 

DISTINCTIVENESS condition, the ESI should only reduce false alarms in the low 

distinctiveness condition.

EXPERIMENT

Materials and Method

Participants

 Prior to the experiment, we decided that at least 24 participants would be sufficient for 

observing a medium-sized effect (i.e.,  f = 0.25) if it exists (power > .80, two-tailed, for a within-

subjects design; see Faul, Erdfelder, Lang, & Buchner, 2007). This sample size is consistent 

with prior ESI-related studies that have used this number (e.g., Madore et al., 2014, 2015). In 

order to anticipate possible exclusions, data collection was stopped at 38 participants. As no 

participants were excluded, 38 young adults (Mage = 21.02 years, SDage = 1.55, rangeage = 19-

27, 35 female) took part in the study. They were recruited by means of advertisements at Lyon 

2 University. All the participants had normal or corrected-to-normal vision and audition, and 

no history of neurological or psychiatric disorders. All the participants were French native 

speakers.

This study was carried out in accordance with the recommendations of French Law (Loi Jardé 

n◦2012- 300), with written informed consent being obtained from all the subjects in accordance 
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with the Declaration of Helsinki. An ethics approval was issued for the current study by the 

ethics committee of Clermont Auvergne University (IRB00011540-2019-43). This study was 

not pre-registered. Materials are available on demand.

Material

Character/Action Videos

Characters – Fourteen blocks (2 practice blocks, 12 experimental blocks) of 4 characters each 

were created using The Sims 4TM video game (Figure 1). For half of the blocks assigned to the 

"LOW DISTINCTIVENESS" condition, the characters in each block were designed to be 

visually lowly distinct from each other. For the other half of the blocks assigned to the "HIGH 

DISTINCTIVENESS" condition, the characters in each block were designed to be visually 

highly distinct from each other. The distinctiveness of the characters in each block was 

configured on the basis of 11 dimensions: gender (man vs woman), build (heavy vs light), skin 

color (blue, red, green, or yellow), age (child vs adult), hair color (blond, brown, ginger, or 

white), head covering (beanie, beret, cap, or hat), glasses (with vs. without), sleeve length (short 

vs long), pant length (short vs long), shoes (sneakers vs flip-flops), and faces. Within each block 

in the LOW DISTINCTIVENESS condition, the modalities of 5 dimensions (gender, build, 

skin color, age, hair color) were identical for the 4 characters of a given block. For the 6 

remaining dimensions, the modalities were pseudorandomized across the 4 characters within 

the block as follows: for a 2-modality dimension, two characters shared the same modality, 

while for a 4-modality dimension, one character was assigned to each modality. Within each 

block in the HIGH DISTINCTIVENESS condition, the modalities of all 11 dimensions were 

pseudorandomized across the 4 characters within the block. In this condition, only two (not 

four) modalities of the skin color dimension were assigned in each block. The face of each 

character was systematically different in both conditions. No character had the same 
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configuration of modalities as any another character (out of the 260 possible configurations). 

Of the 14 blocks created, two blocks (one in each condition) were selected for practice after 

changing their skin color modality to black, white, and brown. A photograph was taken of each 

character.

[Insert Figure 1.]

Figure 1. Photographs of the characters in a block in each distinctiveness condition.

Actions – Twelve different types of action were selected (e.g., sitting on, playing, etc.) using 

The Sims 4TM video game. For each type of action, 4 objects were selected on which the 

corresponding actions were performed (e.g., a chair, a stool, a bench, an armchair). Within each 

block, the four characters performed the same action but on a different object. The association 

between actions and distinctiveness condition (high vs. low) was counterbalanced in a between-

subjects manner across two lists (A vs. B). For instance, the "Sitting on__" action was presented 

in the LOW DISTINCTIVENESS condition for half of the participants, while this action was 

presented in the HIGH DISTINCTIVENESS condition for the other half. Two additional action 

types and 8 matching objects were added for the practice blocks. List of actions and objects 

available in the Appendix section (Table 2). 

Videos – Using The Sims 4TM video game, 48 videos were generated and recorded for action 

list A (one for each character) and 48 were recorded for action list B. Eight additional videos 

were recorded for the practice blocks. Each video started with a full shot of the motionless 

character presented in front of the camera for approximately 1 second. Then the character 

moved towards the spectator in the direction of the object, currently out of the camera's range. 

The camera tracked the character's movement, while remaining in front of it, for approximately 
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3 seconds. The object appeared in the camera's range at the end of the character's movement 

and to the right of it. Finally, the character performed the action on the object for approximately 

3 seconds. The scene took place in an empty room with gray walls and floor. On the floor, a 

path between two blue stripes was systematically visible and used by the character. The average 

length of the videos was 7.52 seconds (SD = 1.20).

Audio – For each object, an audio recording was created using Balabolka 2.11 in which a virtual 

female voice pronounced the type of action followed, after a short pause, by the name of the 

object (e.g., "Sitting on__a CHAIR"). Forty-eight audio tracks were recorded. Eight additional 

audio tracks were recorded for the practice blocks.

Inductions

Stimulus Collection Task – Five familiar places, persons and objects were collected on a piece 

of paper for each participant. The familiarity of each item was evaluated by the participants on 

a scale going from 1 (not familiar at all) to 9 (very familiar). Next, the most familiar place, 

person and object were selected for the ESI.

Episodic Specificity Induction – The ESI used was a French version of the imagination 

specificity induction designed by Madore et al. (2019). It consists of a script with the help of 

which the experimenter uses various techniques to help the participant imagine an event 

involving the most familiar place, person and object selected during the stimulus collection 

task. This script is divided into three phases of imagination and detailed description, which 

focus respectively on the environment (the objects in the environment, their appearances, their 

locations, etc.), the people, and the actions performed in the imagined event. In each phase, 

participants are asked to close their eyes and mentally visualized the elements as clearly as 
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possible. After forming the clearest possible picture in their mind, participants then described 

these elements in as much details as possible. At the end of each phase, the experimenter asked 

the participants to provide more details on the elements that have been superficially described. 

For a more detailed description of the ESI, see Madore et al. (2019). The imagination version 

was chosen over the standard version (which involved memorizing and recalling a video in 

detail as in Madore et al., 2014) to reduce the likelihood that participants would comply by 

guessing that the ESI was to help them remember the videos being studied, and/or consciously 

re-using the ESI techniques to remember the videos being studied.

 Control Induction – This consisted of several short, simple mathematical exercises including 

addition, subtraction, multiplication and division.

Procedure

The participants were asked to sit in front of a laptop (LENOVO ThinkPad L470 - Windows 

10 Pro 64 bits - 16GB RAM - 464 GB DD). After signing the consent form indicating their 

agreement to take part in an experiment designed to test their memory, they completed the 

Stimulus Collection Task sheet by specifying 5 familiar places, people and objects and rating 

their familiarity on a scale going from 1 (not at all familiar) to 9 (very familiar). The participants 

were then told that the experiment would begin with a practice session, followed by two 

sessions (approx. 25 min. each) separated by a break (approx. 5 min.). Each session started with 

a study phase (approx. 8 min.), followed by a filler task (which actually corresponded to the 

induction phase; approx. 10 min.) and finally a test phase (approx. 8 min.). Each session is 

described below. The total duration of the experiment was approximately one hour. Figure 2 

illustrates the experimental procedure.
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Session one

For the study phase, the participants were told that, in each trial, they would first see a fixation 

cross (400 ms) and then hear, via their headphones, a voice saying an action and an object name, 

while they simultaneously watched a video featuring a character performing the action on the 

object. The participants were asked to pay attention during each trial and to memorize what the 

voice said, the appearance of the character, the type of action performed, and the object on 

which the character performed the action, as they would need to remember this information 

later in the test phase. They were warned that some characters may look very similar, but that 

each video would involve a different character. They were encouraged to press the space bar 

within 3 seconds of the end of each video in order to move on to the next one. The participants 

saw the videos of 3 LOW and 3 HIGH DISTINCTIVENESS blocks (24 videos in total) and 

simultaneously heard the corresponding audio track for each video. Two blocks from the same 

condition never followed each other. The presentation order of the blocks and the association 

between the actions and the distinctiveness conditions (list A vs. B) were counterbalanced 

across participants. After the study phase, the participants started the induction phase (instead 

of the filler task).

In the induction phase, the participants were assigned to the ESI or Control condition based on 

the odd or even number attributed to them. In the ESI condition, they were told that they were 

taking part in an imagination exercise. The experimenter asked them to imagine an event that 

would take place in the selected familiar place, in the company of the selected familiar person, 

and where they would interact with the selected familiar object. They were told that the 

experimenter would help them in this exercise by giving them some instructions and that they 

would proceed in stages, focusing first on the description of the place, then on the person, and 
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finally on the imagined actions (see Madore et al., 2019 for full instructions). In the Control 

condition, the participants were asked to complete a series of simple mathematical exercises as 

quickly as possible, while making as few errors as possible. The duration of each induction 

phase for each participant was identical from one session to another (10 minutes). After the 

induction phase, the participants started the test.

For the test phase, the participants were told that in each trial, one of the audio tracks from the 

study phase (a voice saying an action and an object name) would be replayed while a neutral 

gray background was displayed on the screen for 3,000 ms. They were told that this would be 

followed by a photograph of a character from the study phase displayed in the center of the 

screen for 1,000 ms on a black background before the gray background was displayed again, 

with this then remaining on screen until the participant responded (or until the 4,000 ms 

timeout). The Inter-Trial Interval (ITI) was set to 2,000 ms. The participants were told to 

indicate as soon as the character was displayed, and as quickly and accurately as possible, 

whether the character displayed matched exactly the character who had performed the action 

on the specific object they had previously seen (in the study phase). To do this they had to press 

one key to answer MATCH, or press another key to answer MISMATCH. They were told that 

none of the characters displayed were new and that they had all been seen in the study phase. 

For the MISMATCH trials, the displayed character was from the same block and had performed 

the same action, but not on the same object, as the target character who had performed the 

action on the object mentioned in the audio track. For the MATCH trials, the character was the 

same as the character who had performed the action on the object mentioned in the audio 

description. The characters were presented only once either in MISMATCH trials or in 

MATCH trials. For the 24 trials, the correctness of the association between the audio track and 

the following character in each distinctiveness condition was pseudo-randomized. The 
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presentation order of these associations was randomized for each participant. For half of the 

trials, the associations were correct and required a MATCH response (i.e., the MATCH trials), 

while for the other half, the associations were incorrect and required a MISMATCH response 

(i.e., the MISMATCH trials). Accuracy and response times for each trial were collected. After 

the test phase, there was a 5-minute break before starting the second session. The participants 

discussed their academic background with the experimenter during this break to prevent them 

from thinking about the experiment.

Session two

The second session was strictly identical to the first, except that the participants saw the videos 

that they had not seen in the first session and performed the induction that they had not already 

been subjected to (ESI or Control). The material used was counterbalanced across sessions and 

inductions, and the order of inductions was counterbalanced across the participants and the 

sessions.

Practice session

The first session was preceded by a practice session which consisted of a practice study phase 

of 8 practice trials (with the dedicated material), immediately followed by a practice test phase. 

There was no interval between the two practice phases as no induction was performed, unlike 

in sessions one and two. For the practice "study phase", the first 4 practice trials consisted in 

successively presenting the videos of the 4 characters from the LOW DISTINCTIVENESS 

practice block together with the corresponding audio tracks, while the next 4 practice trials 

consisted in presenting the videos of the 4 characters from the HIGH DISTINCTIVENESS 

practice block. The instructions and the trial procedure for the practice study and test phase 

were identical to those of the study and test phase of the experiment. Feedback (green circle or 
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red cross) indicating the participant's performance was only given for the practice test phase 

and provided information as to whether the response was correct or not.

[Insert Figure 2.]

Figure 2. Schematic procedure of the experiment.

Results

Data were analyzed using RStudio version 1.2 (R Foundation for Statistical Computing). The 

mean response times for correct responses (RT), the mean rates of hits (HITS; for the MATCH 

trials) and the mean rates of false alarms (FA; for the MISMATCH trials) were computed across 

participants for each experimental condition. RT exceeding 2,500 ms and 2.5 standard 

deviations above each participant’s mean in each condition and RT less than 300 ms and 2.5 

standard deviations below each participant’s mean per condition were considered as outliers 

and removed from the analyses (less than 5%, see Vallet et al., 2010 for a similar procedure). 

Because the expected results focus on the participants' ability to correctly reject incorrect 

character-action associations (or to avoid false alarms) in the "MISMATCH" trials, separate 

analyses were conducted for each trial type, one for MATCH trials and one for MISMATCH 

trials. For each trial type, two ANOVAs were performed, one on FA (or HITS) and the other 

on RT. Each analysis was performed with “Induction” (ESI vs. Control) and “Distinctiveness” 

(LOW DISTINCTIVENESS vs. HIGH DISTINCTIVENESS) as within-subject factors. Post-

hoc tests were performed using Tukey's method. The threshold of statistical significance for all 

analyses was set to p < .05. Table 1 displays the descriptive statistics.
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Table 1. Descriptive statistics (mean with standard deviation in parentheses) for each trial type 

(match vs. mismatch) on the recognition task as a function of induction (ISE vs. control) and 

distinctiveness (high vs. low).

[Insert Table 1.]

Note. SD: standard deviation; ESI: Episodic Specificity Induction; RT are in milliseconds.

Hits.

For the MATCH trials, the analysis only revealed a significant main effect of Distinctiveness 

(F(1, 37) = 8.51, p < .01,  η2
g = .05), with lower HITS in the HIGH DISTINCTIVENESS 

condition than in the LOW DISTINCTIVENESS condition. The main effect of Induction and 

the interaction between these two factors were not significant (F<1).

False alarms.

For MISMATCH trials, there was no main effect of Induction (F < 1) but a significant main 

effect of Distinctiveness (F(1, 37) = 48.96, p < .0001,  η2
g = .264) with a large effect size, with 

lower FA being observed in the HIGH DISTINCTIVENESS condition than in the LOW 

DISTINCTIVENESS condition. The analysis also revealed a significant interaction between 

Induction and Distinctiveness (F(1, 37) = 6.35, p < .02,  η2
g = .022). Post-hoc comparisons 

showed lower FA after the ESI than after the Control Induction in the LOW 

DISTINCTIVENESS condition (t(73.1) = 2.08, p <.05, d = .40), but not in the HIGH 

DISTINCTIVENESS condition (t(73.1) = - 1.27, p = .21, d = .22)(Figure 3).  

[Insert Figure 3.]
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Figure 3. Comparison of the mean rates of false alarms for the different Induction types 

(Control vs. ESI) in each Distinctiveness condition (HIGH vs. LOW) for MISMATCH trials 

(incorrectly endorsing the test character as the one who performed the action on the object 

enounced). Gray bars represent standard errors corrected for the within-participant design.

Response times.

For the MATCH trials, the analysis only revealed a significant main effect of Distinctiveness 

(F(1, 37) = 6.48, p < .02,  η2
g = .02), indicating that RT were faster in the HIGH 

DISTINCTIVENESS condition than in the LOW DISTINCTIVENESS condition. The main 

effect of Induction (F(1, 37) = 1.94, p > .05,  η2
g = .006) and the interaction (F<1) were not 

significant.

For the MISMATCH trials, the analysis only revealed a significant main effect of 

Distinctiveness (F(1, 33) = 7.92, p < .01,  η2
g = .03), indicating that RT were faster in the HIGH 

DISTINCTIVENESS condition than in the LOW DISTINCTIVENESS condition. The main 

effect of Induction (F(1, 33) = 1.53, p > .05,  η2
g = .006) and the interaction (F<1) were not 

significant.

Carryover.

An additional ANOVA was conducted with the “Induction Order” as between-subject factor to 

determine whether the false alarms rate differed as function of whether participants received 

the ESI in the first session or in the second session (using the same parameters as the previous 

analyses). The analysis revealed no significant main effects or interactions associated with 

Induction Order on Hits (Fs<1), FAs (Fs<1), and RTs for MATCH trials (Fs<1) and 

MISMATCH trials (Fs<1). The lack of any carryover effect is consistent with previous ESI-
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related studies (e.g., Madore & Schacter, 2015; Purkart et al., 2019) and indicate that 

participants performed similarly in the study irrespective of whether they received the ESI in 

the first session or second session.”

DISCUSSION

The aim of the study was to determine situations in which the ESI, which is thought to 

facilitate the access of trace-specific features (see Purkart et al., 2019) and increase trace 

distinctiveness, might be effective in reducing memory errors. We predicted that the probability 

of memory errors would be a function of trace distinctiveness. Specifically, for the 

MISMATCH trials, correct responses should be slower and false alarms higher when the 

distinctiveness between traces is low than when the distinctiveness is high. Therefore, we 

expected to find that the beneficial effect of the ESI would only occur when distinctiveness was 

low for the MISMATCH trials, because this trial type requires to access the specific features 

that distinguish the correct character from the test character, unlike the MATCH trials in which 

a simple matching procedure is required. Thus, neither the ESI nor trace distinctiveness should 

play a role with regard to the MATCH trials.

Distinctiveness and induction effects for MISMATCH trials

As predicted, the participants responded more accurately and quickly in the high 

distinctiveness condition than in the low distinctiveness condition when the test character was 

different from the correct character (for the MISMATCH trials). When the characters were very 

distinct (HIGH DISTINCTIVENESS condition), hearing the action sentence triggered the 

activation of the specific features of the character who performed the action in question. 

Therefore, since a large number of features differed between the correct character and the test 

character in this condition, the participants were more likely to correctly judge the test character 

Page 22 of 45

URL: http:/mc.manuscriptcentral.com/pmem    Email: PMEM-peerreview@journals.tandf.co.uk

Memory

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

22

as not being the character who performed the action in question (and to do so more quickly). 

On the other hand, when the characters were very similar (LOW DISTINCTIVENESS 

condition), hearing the action sentence triggered the activation of the overlapping features 

(shared between the characters) at the expense of the specific features of the character who 

performed the action in question. Therefore, since only a few features differed between the 

correct character and the test character in this condition, the participants were more likely to 

incorrectly judge the test character as being the character who performed the action in question. 

Thus, the participants failed to identify the features of the test character that differed from those 

of the character who actually performed the action. As a result, the inability to identify these 

features made verification of the properties more time-consuming and slower in this 

distinctiveness condition. The participants therefore responded less accurately and quickly in 

the LOW than in the HIGH DISTINCTIVENESS condition.

 Crucially, in the LOW DISTINCTIVENESS condition, the participants responded 

more accurately after the ESI than after the control induction in the MISMATCH trials. The 

access of the specific features of a given character appears to be facilitated by the ESI (see 

Purkart et al., 2019). This effect is thought, in turn, to increase the distinctiveness of the trace 

of the character performing the action, thereby increasing the participants' ability to reject the 

proposed incorrect character. This result is noteworthy since it shows a reduction in memory 

errors (expressed by false alarms) in a condition in which these errors were highly probable, 

and thus points to improved memory efficiency. As such (and as expected), in the HIGH 

DISTINCTIVENESS condition, in which the characters' memory traces were already 

sufficiently distinct to make it possible to reject or recognize the character on the basis of its 

specific features, the ESI did not prove to be beneficial.
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One might ask why would ESI not improve the overall memory performance 

independently of the distinctiveness condition? The rationale is that, as explained above, 

participants responded less accurately and less quickly in the LOW than in the HIGH 

DISTINCTIVENESS condition where the number of specific features is greater. As the 

discrimination between an incorrect test character and a correct character is based on the 

activation of the specific features that distinguish them, having many specific features to 

activate facilitates discrimination. As such, since there are a low number of overlapping features 

between characters in the HIGH DISTINCTIVENESS condition, the activation of specific 

features is less limited than in the LOW DISTINCTIVENESS condition (which is consistent 

with the Act-In model). The activation of specific features is therefore sufficiently important 

for the ESI not to be of decisive help in the HIGH DISTINCTIVENESS condition. Reversely, 

as there are many overlapping features between the characters in the LOW 

DISTINCTIVENESS condition, the activation of specific features is more limited than in the 

HIGH DISTINCTIVENESS condition. The activation of specific features is therefore 

sufficiently affected for the ESI to be of decisive help in the LOW DISTINCTIVENESS 

condition. Consequently, if the ESI improves trace distinctiveness, it is consistent that the ESI 

has a beneficial effect in the LOW DISTINCTIVENESS condition and has no effect when the 

distinctiveness is already high.

Distinctiveness and induction effects for MATCH trials

Nevertheless, and contrary to our predictions, the participants responded more 

accurately in the low distinctiveness condition than in the high distinctiveness condition for the 

MATCH trials (in contrast to the inverse result pattern observed for the MISMATCH trials). 

Similar patterns of results were reported by Ozubko & Joordens (2008) who found a higher 

proportion of correct recognitions (hits) and memory errors (false alarms) in a condition in 
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which the perceptual distinctiveness between characters was at its lowest (minimal feature 

characters) compared to a condition in which perceptual distinctiveness between characters was 

at its highest (normal feature characters). Our result could be attributed to a "generalization" 

effect similar to that observed by Brunel et al., (2013). In this study, the authors showed that 

the activation of a specific feature of a target item (e.g., its sound) during its recollection was 

impeded if the target item was studied along with other items that are perceptually very similar 

(in shape and color). This generalization effect was not observed when the other items were 

more perceptually different. In our study, although the characters in the LOW 

DISTINCTIVENESS condition were confronted with different objects (e.g., chair, stool, 

armchair, bench), they nevertheless performed the same action (e.g., sitting on) and shared 

many features (e.g., skin color, age, gender, build). The overlapping features of the characters 

and the similarity of the action performed could have impeded the access of the distinctive 

features, thus indicating a generalization effect. As a result, access to distinctive features was 

still impeded and their verification was slower. However, contrary to the MISMATCH trials, 

the responses in the MATCH trials were based on the similarities between the test and correct 

characters. Since the participants found it more difficult and took longer to verify distinctive 

features because the access of overlapping features was reinforced by the generalization effect, 

the match between the test character and the correct character was enhanced, but only on the 

basis of their overlapping features. Consequently, this generalization effect was beneficial in 

this trial type because it facilitated the access of overlapping features and the judgment of 

similarity between the simulated character and the test character. This would explain why, for 

the MATCH trials, the participants responded more accurately, but still slowly, in the LOW 

than in the HIGH DISTINCTIVENESS condition. However, and consistent with our 

hypotheses, the ESI had no significant effect for the MATCH trials because facilitating the 
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access of specific features is unlikely to be beneficial in a condition in which the response is 

based on a matching principle.

Reversely, since MISMATCH trials require access to distinctive features particularly in 

the LOW DISTINCTIVENESS condition, it is consistent to found that the generalization effect 

was detrimental, and the ESI beneficial in this trial type.  Indeed, the ESI would have increased 

trace distinctiveness by facilitating the access of specific features at the expense of overlapping 

features. It would therefore be interesting to adapt the paradigm used by Brunel et al., (2013) 

by isolating a character, who would perform an action different from that performed by the 

other characters in a given block, and observing whether the ability to recognize the correct 

action for the isolated character is negatively impacted by a condition of low distinctiveness 

between characters compared to a condition of high distinctiveness. The generalization effect 

should lead to the access of the action performed by non-isolated characters at the expense of 

the action performed by isolated characters when they are perceptually similar, but not when 

they are different. If the ESI does promote trace distinctiveness and reduce the generalization 

effect, simulation of the action performed by the isolated character should be facilitated in the 

low distinctiveness condition. This interpretation suggests that trace distinctiveness and 

generalization can be seen as the two plates of a scale where the rise of one plate leads to the 

fall of the other, which is consistent with the predictions of the Act-In model (Versace et al., 

2009, 2014).

Back to Act-In

Act-In is a multiple trace model which states that all sensorimotor experiences are 

accumulated in the form of memory traces in our cognitive system. These traces reflect the 

brain states specific to each experience and their different sensorimotor features (or details). 

Page 26 of 45

URL: http:/mc.manuscriptcentral.com/pmem    Email: PMEM-peerreview@journals.tandf.co.uk

Memory

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

26

Knowledge would emerge from a continuum according to the number of traces involved in the 

simulation. For instance, the emergence of categorical knowledge (e.g., categorizing an animal 

as a dog) is possible by simulating (or activating) the sensorimotor overlapping features of all 

the traces where the individual has been confronted with a dog (high inter-trace activation 

diffusion and intra-trace activation diffusion to overlapping features). The more the traces 

overlap, the easier the diffusion of inter-trace activation would be (and the more limited the 

diffusion of intra-trace activation would be). On the other hand, the emergence of specific 

knowledge (e.g., the memory of the day I adopted my dog) is possible through the 

simulation/activation of the features specific to the trace of the adoption event (low inter-trace 

activation diffusion and intra-trace activation diffusion to the trace-specific features). The more 

distinct the traces are, the easier the diffusion of intra-trace activation would be (and the more 

limited the diffusion of inter-trace activation would be). Thus, according to Act-In, there is an 

activation “scale” between inter-trace and intra-trace diffusion, and inter-trace diffusion would 

be detrimental for intra-trace diffusion and vice versa. The generalization effect (observed in 

the LOW DISTINCTIVENESS condition in the present study) would emerge from an inter-

trace diffusion facilitated by the overlap between the traces, which limits intra-trace diffusion 

to the specific components. In this case, participants are not able to discriminate the test 

character from the simulated character on the basis of its specificities. Thus, according to Act-

In, the ESI facilitates the simulation of the specific features of the simulated character by 

facilitating intra-trace diffusion, which reduces the diffusion of inter-trace activation and thus 

limits the detrimental generalization effect for MISMATCH trials.  

Alternative interpretation and potential caveats

An alternative interpretation would be that the ESI does not facilitate sensorimotor 

simulation of trace-specific features, but instead bias the retrieval orientation (Madore et al., 
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2019; see also Herron & Rugg, 2003; Morcom & Rugg, 2012). The ESI may focus the 

participants' retrieval attempts on the specific details highlighted during the ESI (e.g., the 

clothes of the people imagined). This orientation would be actively maintained (if sufficient 

cognitive resources are available) until the subsequent memory task (see Herron, 2018). This 

focus induced by the ESI would benefit to the subsequent task in the condition where the 

distinctive details are limited (i.e., in the LOW DISTINCTIVENESS condition) and crucial 

(i.e., for the MISMATCH trials), but not in the condition where the distinctive details are more 

numerous (i.e., in the HIGH DISTINCTIVENESS condition). The present study data cannot 

support an Act-In interpretation over a retrieval orientation interpretation. It would therefore be 

interesting for future studies to provide more evidence regarding the precise mechanisms 

underlying the ESI. 

 The benefits of the ESI on the reduction of memory errors may seem contradictory with 

the results reported by Thakral et al. (2019) using the DRM paradigm, as they observed that the 

ESI increased the recall of critical lures. However, the DRM paradigm is very different from 

the paradigm used in the present study in several aspects.  Indeed, whereas our paradigm 

proposes to recognize the correct associations between previously unknown characters and 

specific actions, the DRM consists in recalling well-known target words semantically related 

to a critical lure. According to the Act-In model, this semantic relationship is formed by the 

accumulation of experiences where target words and critical lures co-occurred. This 

accumulation strengthens the binding between them and increases the likelihood that the 

presentation of the target words triggers both the simulation of their own features, and those of 

the critical lure, during the DRM study phase, through an extended diffusion of inter-trace 

activation (see also the activation-monitoring hypothesis, Roediger & McDermott, 2000; 

Roediger, Watson, McDermott, & Gallo, 2001). In turn, the study phase will leave memory 

traces that reflect these simulations. Subsequently in the recall phase, when the target words are 
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recalled, the critical lure will most likely be erroneously recalled because the memory trace of 

the study phase includes the simulation of its features, albeit unperceived. This likelihood would 

increase with the amount of perceptual detail of the lure simulated during the study phase (see 

also Johnson and Raye’s (1981) reality monitoring model) but also during the recall. Thus, if 

the ESI induces a facilitation of sensorimotor simulation of event-specific features, it can 

therefore facilitate the simulation, not only of the features of the memory trace of the DRM 

study phase that correspond to the features of the target words that were actually perceived, but 

of all the features of the trace, including those that correspond to the features of the critical 

lures. This can in turn results in more erroneous recall of critical lures after the ESI. As in our 

paradigm the characters are new, there is no such extended diffusion of inter-trace activation 

during the study phase, and it is logical to find a reduction in false alarms after the ESI rather 

than an increase

This explanation is consistent with the Source Monitoring Framework (SMF) which 

also assumes that cues (e.g., the studied words of the DRM list) evoke memory information 

from multiple episodes combined with more general knowledge, and that this evocation itself 

leaves traces (see Lindsay, 2008). A faulty monitoring during the study phase produces source 

confusions at the recall phase, and participants mistakenly remember the critical item as having 

been presented, instead of merely cognitively activated (or simulated), at study (Nichols & 

Loftus, 2019). Regarding the effect of the ESI in the DRM, one might suppose that the ESI 

increases the confidence that the critical lure has also been studied, and this confidence-boosting 

effect results in a sort of imagination inflation (Garry & Polaschek, 2000).

One potential caveat is that it remains to be determined whether similar results would 

be observed using another form of specificity induction, and/or another form of control 

induction. Although our study was not aimed at determining the essential components of the 
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ESI to observe beneficial effects on a subsequent given task, it is important that future studies 

address this issue. As mentioned, comparable behavioral effects have been reported whether an 

imagination specificity induction or a memory specificity induction is compared to a math 

control induction (see Madore et al., 2019). We argue that simulation of trace-specific 

sensorimotor features is at least one of the essential components to observe beneficial induction 

effect on the retrieval of specific perceptual information (for a related topic, see Sheldon et al., 

2019). But is the construction of a mental scene (setting, characters, actions) also an essential 

component? Does the subsequent task have to include the same components as the ESI? These 

issues may warrant further investigation. In addition, comparable behavioral effects have also 

been frequently reported whether a math control induction or a general impressions control 

induction (asking questions about participant's general impressions of the content of a video 

they viewed) is compared to the classic ESI on several tasks (e.g., Madore et al., 2014). 

However, the math control induction is known to provide a more neutral baseline. There is 

therefore no reason to believe that using the impression control induction instead of the math 

control induction would have yielded different relevant results in our study, as both inductions 

do not involve simulating trace-specific sensorimotor features. But the choice of control 

induction will be much more important for any study that aims to determine the essential 

components of the ESI, a work that we strongly encourage.

Finally, it is worth noting as a limitation of the current data that the present study only 

reports one experiment with a single demonstration of the critical effects. These effects should 

be taken with caution before future studies replicate them. These studies could also test some 

hypotheses more thoroughly, such as whether or not the ESI targets sensorimotor simulation. 

For instance, one could address this hypothesis by observing whether the benefits of the ESI on 

memory errors in the low distinctiveness condition are suppressed if a dynamic visual noise 
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(DVN) is displayed during the test phase (see Purkart et al., 2019). The DVN should also have 

a detrimental or beneficial effect depending on the distinctiveness condition and the trial type 

in the control induction condition if access to distinctive trace-specific features is reduced by 

the DVN. We also strongly encourage such a study.

CONCLUSION

There is growing empirical support for the dynamic and constructive conception of 

memory (see Schacter & Addis, 2007a, 2007b; Surprenant & Neath, 2009; Versace et al., 2009, 

2014). This vision of an emergent and dynamic memory that reconstructs our past experiences 

makes it possible to consider ways of improving not only the memorization of an event but, 

above all, the reconstruction of that event. The constructive nature of memory requires a focus 

on the fidelity and accuracy of reconstruction (see Koriat et al., 2000). This focus is all the more 

necessary in ecological situations such as eyewitness testimony. Can witnesses be considered 

to have a good memory of an aggressor if they can remember some features of the aggressor 

but not those that distinguish him from an innocent person who looks like him? An effective 

memory is one that produces few errors. As such, interventions should aim to facilitate accurate 

reconstruction and reduce memory errors in order to improve memory efficiency. To our 

knowledge, the present study is the first to show a beneficial effect of the ESI on memory errors 

in a recognition task. However, caution must be exercised and other studies showing similar 

results are needed. We suggest that the beneficial effect of the ESI in a recognition task could 

be observed by taking trace distinctiveness into account, in particular when the traces do not 

already benefit from high distinctiveness. Although the ESI appears to be an intervention that 

can improve memory efficiency, the mechanisms underlying it still have to be precisely 

determined. The data from the present study suggest that the ESI targets the sensorimotor 

simulation mechanism by facilitating the simulation/activation of trace-specific features (intra-
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trace diffusion). The activation of these specific features would increase trace distinctiveness 

and reduce the observed generalization effect (i.e., reduce inter-trace activation diffusion). 

Further studies are needed to confirm this interpretation. For instance, by using a DVN in 

addition to the ESI (as Purkart et al., 2019) while manipulating trace distinctiveness. Similar 

findings in future studies would suggest that it is possible to reduce memory errors through 

interventions such as the ESI. This would make it possible to consider psycho-legal and clinical 

applications in populations where memory accuracy is impacted, such as the elderly (Greene & 

Naveh-Benjamin, 2020; Korkki et al., 2020).
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APPENDIX

Table 2. List of actions and objects used in the memory task (translated from French).

[Insert Table 2.]
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Photographs of the characters in a block in each distinctiveness condition. 

1159x287mm (72 x 72 DPI) 
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Schematic procedure of the experiment. 

885x522mm (72 x 72 DPI) 
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Comparison of the mean rates of false alarms for the different Induction types (Control vs. ESI) in each 
Distinctiveness condition (HIGH vs. LOW) for MISMATCH trials (incorrectly endorsing the test character as 
the one who performed the action on the object enounced). Gray bars represent standard errors corrected 

for the within-participant design. 

927x721mm (72 x 72 DPI) 
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HITS FA
TRIALS DISTINCTIVENESS INDUCTION M (SD) M
MISMATCH HIGH CONTROL - - 0.29

ESI - - 0.34
LOW CONTROL - - 0.61

ESI - - 0.53
MATCH HIGH CONTROL 0.59 (0.23) -

ESI 0.56 (0.23) -
LOW CONTROL 0.68 (0.20) -

ESI 0.68 (0.21) -
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RT (on correct responses)
(SD) M (SD)
(0.17) 935 (240)
(0.22) 1032 (291)
(0.18) 1091 (342)
(0.16) 1136 (450)
- 944 (353)
- 958 (294)
- 1007 (326)
- 1074 (349)
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LIST A LIST B
Sit on: Play:
a chair the violin
an armchair the piano
a park bench the guitar
a stool the drums
Water: Put:
a flowerpot a robot toy
a tree a dinosaur toy
a bush a horse toy
a cactus a cat toy
Utilize: Cooking with:
a computer  a barbecue
a television  a gas cooker
a hi-fi system  a coffee machine
a jukbox  a microwave
Boarding: Use:
a car a shower
a bus a bathtub
a motorbike a sink 
an aeroplane a toilet 
Lie down on: Contemplate:
a bed a statue
a sofa an armour
a deckchair a painting
a bench a fountain
Pick up: Do sports with:
a superhero toy a treadmill
a dragon toy a punching bag
a helicopter toy a weight bench
a butterfly toy a basketball
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