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A R T I C L E I N F O A B S T R A C T

Objective: The implanting of rich autobiographical false memories is crucial for judicial decision–making, and the

forensic evaluation of a testimony. In order to assess this issue, a meta–analytical review of the probability of

implanting rich autobiographical false memories was performed.

Method: A total of 30 primary studies analysing the probability of implanting rich autobiographical false memories

were retrieved. Random–effects meta–analyses correcting the effect size for sampling error were performed.

Results: The results revealed a significant, positive, generalizable (the lower limit for the 80% credibility value was

d = 1.13), and more than large mean effect size (d = 1.43[1.33, 1.53]) for the implanting of false memory. The

moderating effects of stimulus type showed that the effect of the probability of implanted false memory was sig-

nificantly higher in experienced events (d = 2.03[1.63, 2.43]) than in false narratives (d = 1.35[1.23, 1.47]),

and in doctored photographs (d = 1.29[1.06, 1.52]). A similar effect for memory implantation was observed in

both the underage (d = 1.44[1.29, 1.59]), and in adults (d = 1.36[1.22, 1.50]). The moderator techniques for

implanting false memories revealed a significantly lower probability of implanting false rich memory with non–

directive instructions (d = 0.90[0.53, 1.27]) than with guided imagery (d = 1.45[1.32, 1.58]), or with pressure

to answer (d = 1.56[1.17, 1.95]) instructions. The event emotional valence moderator exhibited the same effect

for positive (d=1.27[1.09, 1.45]) and negative valence events (d= 1.30[1.17, 1.43]).

Conclusions: The implications of the results for forensic testimony evaluation, police interrogations, and judicial

cross–examination are discussed.
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Introduction

The system of justice is the public means of conflict resolution, and of

protecting legal assets, both of which are necessary and useful condi-

tions for the development of individual and social life. The procedural

activity underpinning the justice system is the evidence, and the burden

of proof lies with the prosecution (criminal justice). The accuser's testi-

mony constitutes the main evidence of a crime committed in the private

sphere such as sexual abuse, sexual assault, or family violence (Novo &

Seijo, 2010). Memory contains a register of individual experiences that

is the corner stone of a testimony. However, a witness’ memory in the

courtroom is not sufficient evidence in itself, and must be submitted to

cross–examination and/or forensic evaluation to estimate both its reli-

ability (credibility), and validity (the value of the testimony as evidence

for judgment making). In judicial settings, witnesses are classified as

either credible (with value as evidence), or not credible (without value

as evidence), which correspond to the honest or dishonest witness in the

psychology of testimonies. Nevertheless, research on the memory of wit-

nesses has found the accounts of honest witnesses contained inaccurate

information (Köhnken et al., 1999; Memon et al., 1997, 2010). Hence,

and in line with the meta–analytical reviews (Memon et al., 2010), it

has been estimated that 10 to 20% of the information of an honest wit-

ness is inaccurate (Arce, 2017). The lack of accurate information

reported by witnesses is the object of judicial evaluation through cross–

examination. As a result of repeated cross examination, inaccuracies

may arise in honest testimonies owing to inexact memory, and the inter-

rogation techniques. Consequently, the lack of internal consistency of

the testimony through time, and the addition of other evidence may

undermine or annul the reliability (credibility), and in turn, the validity

of the testimony (without value as evidence) in judicial judgment mak-

ing (Arce, 2017). Thus, in order to bestow credibility to a complainant

witness’ testimony, forensic evaluation techniques involving the content

analysis of statements have been designed. These techniques do not vali-

date exactitude, but rather the external origin of memory (Gancedo et

al., 2021; Sporer & Küpper, 2004), reality memory (Undeutsch, 1967;

Steller & Köhnken, 1989; Vrij et al., 2021), or memory of self–experi-

enced events (Arce & Fariña, 2014). Nonetheless, cognitive researchers

have pointed out that an honest testimony (statement, account) can be
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the product of false memories implanted by using suggestive techniques

employed in several psychotherapeutic practices (Lindsay & Read,

1994). The identification of patient memory reports of abusive experien-

ces in psychotherapy as false memories by cognitive researchers has led

to the ‘memory wars’ in science (Loftus & Ketcham, 1994), which have

become among the most controversial debates in the history of psychol-

ogy (Davis & Loftus, 2015), and continue to be contentious (Patihis et

al., 2014). However, false memories in the forensic field are not only

associated to suggestive techniques in psychotherapy, but also funda-

mentally to both police and judicial interviews (Gudjonsson, 2003;

Memon et al., 2010; Deeb et al., 2022), That is, how the initial statement

was obtained, the subsequent interviews carried out for judicial proceed-

ings, extrajudicial interviews, and forensic techniques employing sug-

gestive techniques to obtain a testimony (e.g., anatomical dolls,

interrogations) (Arce, 2017; Köhnken, 2004).

So, what are false memories? The best definition is the operative one

i.e., the one used by memory studies measuring false memories. There

are three measurement paradigms: DRM lists, misinformation effect,

and memory implantation. The DRM lists (Deese–Roediger–Mcdermott

word lists; Deese, 1959; Roediger & McDermott, 1995) involve partici-

pants reading a list of semantically related words which evoke a ‘critical

lure’. After a delay, participants are encouraged to recognize the list of

words introducing a non–presented semantically related word. The rec-

ognition or recall of the critical word is the measure of the false memo-

ries. Indeed, this is not a false memory in terms of the statement of a

complainant (an event, account), in judicial judgment making this effect

is a suggested error. The misinformation effect paradigm consists of pre-

senting an event to participants (usually using a video, slide or photo)

with the later presentation of narratives or questions that include mis-

leading information about the presented material (Loftus et al., 1978;

Zaragoza & Mitchell, 1996). False memories are created via the intro-

duction of the misleading information (ordinarily through questions or a

narrative descriptions) as part of a ‘complex’ event (for example, a slide

of a car stopped at a stop sign; nevertheless, these are not complex in

terms of the judicial memory assessed in forensic reports, which exceeds

the witness’ learning ability; Arce, 2017; Köhnken, 2004; Undeutsch,

1968). Finally, the memory of participants is measured with false memo-

ries being the misleading information provided (for example, a yield

sign instead of a stop sign). Once again, this is not a false memory in

terms of a statement of a complainant. In fact, the material is from non–

self–experienced memories, not self–experienced memories (autobio-

graphical), and the implanted memory consists of a distortion of mem-

ory measuring if the implanted inaccurate information becomes part of

the original memory, not in the implanting of a non–experienced event

(or a partial, complete in itself and complex event). A third research par-

adigm referred to as ‘memory implantation’ (Loftus & Prickell, 1995;

Lindsay et al., 2004; Wade et al., 2002) is based on suggestive techni-

ques to implant the memory of a pseudoevent or a real event not remem-

bered by the participant. The suggestive techniques employed

encompass guided imagery (interviewers guide participants to imagine

events as if they really had happened; Lindsay et al., 2004; Wade et al.,

2002); prompts/cues (interviewers provide prompts/cues to participants

to remember a non–recalled event; Ost et al., 2005); pressure to answer

(interviewers urge participants to recall because their friends, parents or

others remembered or already told the event; Bruck et al., 2002; Prin-

cipe et al., 2013); and a non–directive technique (the interviewer asks

the participant to think about the event; Loftus et al., 1995).

The measure of the effect (false memory) is through the recall of the

implanted event (rich memory). This task (implanting a memory) and

the measure of the effects (entire events) are close to real life situations

of the memory reported by claimants in court, and in forensic assess-

ment (Otgaar & Candel, 2011). Nonetheless, the implantation of false

memories has not been the main focus of the laboratory research. Thus,

a bibliometric study found that the interest in the study of implanting

rich false memories (implantation paradigm: memories of entire events)

was less, 13.1%, than in the implanting or recognition of details

(misinformation paradigm: memory of details –non–rich false memo-

ries), 31.9% (Pezdek & Lam, 2007).

The present study

These findings, and the requirements for the forensic evaluation of

testimonies underscore the need to conclusively determine whether it is

possible to implant a complex event in a witness’ memory. This implies

forensic testimony evaluation techniques must be able to discriminate

not only between the memory of honest versus dishonest testimonies

(intentionally fabricated memories of an account), but also between

honest testimonies of self–experienced memories of events from rich

implanted memories of events. Thus, a meta–analytical review of the lit-

erature was performed to examine the claim of cognitive researchers

that rich false memories of an event can be implanted, to quantify the

prevalence, and to evaluate the effects of moderators relevant to forensic

evaluation.

Method

Database search of studies

The initial search for studies was a sensitive one performed with

‘false memory’ as descriptor in the scientific reference databases Web of

Science (all fields), Scopus (article title, abstract, keywords) and Psy-

cInfo (any field). The search returned 4545 primary studies in the Web

of Science, 7358 in Scopus, and 3112 in PsycInfo, which were reduced

to 4255 studies after eliminating duplicates and studies that did not

implant false memories. In order to avoid a gray literature bias or leav-

ing significant studies out, a ‘snowball method’ was applied to the

located studies that consisted in reviewing the references of the selected

studies. This procedure identified 202 additional papers. All studies

were screened if the formation/induction of false memories (focus of the

review) had been evaluated, with a total of 1381 studies being selected

(see in Table 1 the study characteristics).

No language, population, methodology, or publication time restric-

tion was applied. The last search date was December 2022.

Quantitative journal article reporting standards (JARS), and PRISMA

guidelines were followed, if possible, in the preparation of the manu-

script.

Inclusion and exclusion criteria

The following inclusion criteria (requirements for the validity of the

results for forensic practice, judicial judgment making or the perfor-

mance of a meta–analysis) were applied to the results of the database

searches: a) studies implanting rich autobiographical false memories

(implantation paradigm: implantation of a memory of an entire event);

b) studies assessing false memories using free recall; and c) studies

reporting the effect size for memory implantation or data to calculate it.

The exclusion criteria, based on the lack of validity for forensic practice

and/or judicial judgment making, were: a) studies using an alternative

method to rich false memories to implant false memories (implantation

of details, not of an entire event; misinformation paradigm, DRM lists);

b) research studies of false memories from a physiological approach

(these did not measure memory but physiological registers); c) studies

which implanted false memories from films or videos (not autobiograph-

ical memory); d) studies assessing source monitoring errors or using mis-

leading questions (memory of details, not entire memories of an event);

and e) crashing memories or social contagion studies in which the false

memory was not autobiographical.

After the application of the inclusion and exclusion criteria, a total of

30 primary studies were included in the meta–analysis (see flow dia-

gram in Fig. 1), and a total of 38 effect sizes were obtained.
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Table 1

Primary studies data.

Study Cite Total N Moderator h[95% CI]

Bruck et al. (2002) (Negative event) 16 False narrative 2.25[2.06, 2.44]

Underage (< 13 y/o)

Pressure to answer

Negative event

Bruck et al. (Positive event) 16 False narrative 2.09[1.88, 2.30]

Underage (< 13 y/o)

Pressure to answer

Positive event

Calado et al. (2021) (Standard implantation) 39 False narrative 0.94[0.81, 1.07]

Adults

Guided imagery

Negative event

Calado et al. (2021) (Repeated implantation) 41 False narrative 0.97[0.84, 1.10]

Adults

Guided imagery

Negative event

Calado et al. (2021) (Gradual implantation) 38 False narrative 1.25[1.10, 1.40]

Adults

Guided imagery

Negative event

Desjardins and Scoboria (2007) 44 False narrative 1.62[1.47, 1.77]

Adults

Guided imagery

Negative event

Garry and Wade (2005) 44 Adults 1.89[1.75, 2.04]

Guided imagery

Positive event

Garry and Wade (2005) 22 Doctored photograph 1.57[1.36, 1.78]

Garry and Wade (2005) 22 False narrative 2.26[2.10, 2.42]

Heaps and Nash (2001) 63 False narrative 1.30[1.18, 1.42]

Adults

Guided imagery

Hessen–Kayfitz and Scoboria (2011) 82 Doctored photograph 1.25[1.15, 1.35]

Adults

Guided imagery

Positive event

Huffman et al. (1997) 22 False narrative 0.76[0.62, 0.90]

Underage (< 13 y/o)

Pressure to answer

Hyman and Billings (1998) 66 False narrative 1.10[0.99, 1.21]

Negative event

Hyman et al. (1995) (I) 20 False narrative 0.93[0.75, 1.11]

Adults

Prompts/Cues

Hyman et al. (1995) (Experiment I) 20 Positive event 0.64[0.51, 0.77]

Hyman et al. (1995) (Experiment I) 20 Negative event 0.64[0.51, 0.77]

Hyman et al. (1995) (Experiment II) 51 False narrative 1.06[0.94, 1.18]

Adults

Prompts/Cues

Negative event

Hyman and Pentland (1996) 65 False narrative 1.04[0.94, 1.14]

Adults

Negative event

Hyman and Pentland (1996) 32 Guided imagery 1.32[1.15, 1.49]

Hyman and Pentland (1996) 33 Non–directive technique 0.71[0.60, 0.82]

Lindsay et al. (2004) 45 False narrative 1.82[1.68, 1.96]

Adults

Guided imagery

Negative event

Loftus and Pickrell (1995) 24 False narrative 1.05[0.88, 1.22]

Adults

Non–directive technique

Negative event

Mazzoni and Memon (2003) 72 False narrative 1.85[1.74, 1.96]

Adults

Guided imagery

Negative event

Ost et al. (2005) 31 False narrative 0.99[0.84, 1.14]

Adults

Prompts/Cues

Negative event

Ost et al. (2005) 31 Positive event 0.73[0.61, 0.85]

(continued)
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Coding of primary studies

The following data from the studies were coded for the meta–analy-

sis: a) primary study reference; b) document type (article, doctoral the-

sis, proceeding paper, chapter); c) sample characteristics (i.e., age,

gender, sample size); d) estimation of the reliability/concordance of cod-

ings; and e) reported effect size for implanting memory, or the data

necessary to compute it. Additionally, a successive approach procedure

was employed for the definition of the encoding categories of modera-

tors relevant for forensic evaluation (Vilariño et al., 2013). This con-

sisted of two researchers with knowledge in scanning all the selected

papers to search for moderators. Identified variables were discussed and

a consensus on moderators was reached by the researchers. Thus, four

moderators of relevance for a testimony were coded: a) the type of

Table 1 (Continued)

Study Cite Total N Moderator h[95% CI]

Otgaar et al. (2008) 76 False narrative 2.06[1.96, 2.16]

Underage (< 13 y/o)

Guided imagery

Negative event

Otgaar et al. (2009) 91 False narrative 1.43[1.33, 1.53]

Underage (< 13 y/o)

Guided imagery

Negative event

Otgaar et al. (2010) 120 False narrative 1.44[1.35, 1.53]

Underage (< 13 y/o)

Guided imagery

Negative event

Otgaar et al. (2012) 45 False narrative 1.59[1.44, 1.74]

Underage (< 13 y/o)

Guided imagery

Positive event

Pezdek et al. (1997) (Experiment I) 51 False narrative 1.06[0.94, 1.18]

Underage (13–18 y/o)

Non–directive technique

Negative event

Pezdek et al. (1997) (Experiment II) 20 False narrative 0.80[0.64, 0.96]

Non–directive technique

Negative event

Pezdek and Hodge (1999) 39 False narrative 1.49[1.33, 1.65]

Underage (< 13 y/o)

Pressure to answer

Negative event

Porter et al. (1999) 77 False narrative 1.69[1.58, 1.80]

Adults

Guided imagery

Negative event

Principe et al. (2013) 40 Experienced event 1.77[1.62, 1.92]

Underage (< 13 y/o)

Pressure to answer

Principe et al. (2017) 108 Experienced event 2.16[2.08, 2.24]

Underage (< 13 y/o)

Prompts/Cues

Quas et al. (1999) 40 False narrative 1.42[1.27, 1.57]

Underage (< 13 y/o)

Prompts/Cues

Negative event

Shaw and Porter (2018) 60 False narrative 2.06[1.95, 2.17]

Adults

Guided imagery

Negative event

Strange et al. (2006) 115 Doctored photograph 1.13[1.05, 1.21]

Underage (< 13 y/o)

Prompts/Cues

Positive event

Strange, Wade and Hayne (2008) 105 False narrative 1.11[1.02, 1.20]

Adults

Prompts/Cues

Positive event

Strange, Hayne and Garry (2008) 62 Doctored photograph 1.24[1.12, 1.36]

Underage (< 13 y/o)

Prompts/Cues

Positive event

Wade et al. (2002) 20 Doctored photograph 1.57[1.35, 1.79]

Adults

Guided imagery

Positive event

Wade et al. (2010) 53 Doctored photograph 1.70[1.57, 1.83]

Adults

Guided imagery

Positive event

Note. h: effect size h[95% CI].
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stimuli (materials employed for memory implantation); b) the age of the

participants (underage and adults); c) the suggestive technique

employed for implanting false memories; and d) the emotional valence

of the event (positive and negative events).

Two experienced and trained raters analysed independently the stud-

ies in these categories. After a week of the original analysis, each rater

reanalysed 50% of the studies (within–coder concordance). The

between– and within–rater concordance were estimated with true kappa

k; Fariña et al., 2002). This was to correct the Cohen's kappa controlling

a systematic source of error: the correspondence between coding (true

kappa). Succinctly, if the exact correspondence was not verified, the two

errors were encoded as an agreement. This correction is called true

kappa. The results showed a total concordance (k=1). Additionally, the

raters were consistent in other studies i.e., in other contexts (Gancedo et

al., 2021). Thus, between– and within–raters and inter–contexts true

concordance was verified, and the coding accurately reflected the con-

tent of the categories i.e., the coding was reliable (Wicker, 1975). In

other words, another trained rater would find the same data.

Data analysis

Since the aim of the meta–analysis design was to determine the prob-

ability of implanting false memories (observed proportion, po), the effect

sizes were calculated with Cohen's h, which is equivalent to d (the results

are shown as d), for differences between proportions and a proportion

with a constant. The probability of implanting false memories was not

reported directly in the primary studies. Thus, it was computed by raters

from the data reported (po = number of rich implanted memories of

events/N). Therefore, the effect size was computed as an h index, con-

trasting the observed probabilities of implanted memory with a con-

stant, which provides a conservative estimate of the effect (Arce et al.,

2020). The constants were taken as follows (Fandiño et al., 2021): a) a

trivial probability (≤ 0.05; statistical significant criterion: if the effect

was ≤ 0.05, it was insignificant and if it was higher than 0.05, the

observed effect; the correspondent d/h scores for p of 0.05 is 0.10); b) a

common probability (= 0.5; probable, observed in 50% of the popula-

tion); and c) a normal probability (≥ 0.90; normal, observed in 90% or

more of the distribution). The magnitude of the increase or decrease of

the effect size (observed contingency) was evaluated in terms of the

Effect Incremental Index (EII; Arias et al., 2020) i.e., oe–c / oe, where oe

is the observed effect and c, the constant.

Having obtained the effect sizes, meta–analyses of random effects

were carried out, correcting the effect size for sample error (the lack of

reliability of the measurement variable ―memory implantation― could

not be corrected given that the primary studies did not estimate the reli-

ability of the encoding of memory, but concordance) (Schmidt &

Hunter, 2015), consisting in weighting each effect size by its sample i.e.,

the bare–bones procedure (this procedure produces more accurate
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4) Other (n = 305)

Full-text ar�cles assessed 
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(n = 193)
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2) Memory conformity (n = 24)

3) Individual differences (n = 22)

4) Video induced FM (n = 17)

5) Other (n = 89)
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quan�ta�ve synthesis 

(meta-analysis)

(n = 30)

Fig. 1. Flow diagram of the meta–analysis.
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estimates of population SDs). As for this, the sample size weighted mean

effect size (dw); sample size weighted observed variance of d–values

(S2obs); the standard deviation of d–values after removing sampling error

variance (SDobs); the variance attributed to sampling error variance

(S2se); the variance attributed to sampling error variance (S2se); the vari-

ance of d–values after removing sampling error (S2res); the standard

deviation of d–values after removing sampling error (SDres); the percent

of observed variance accounted by sampling error (%Var); the 95% con-

fidence interval for d–values (95% CId); and the 80% credibility interval

(80% CV) were computed. For this the meta–analysis software created

by Schmidt and Le (2014) was run.

If the sampling error explained the bulk of the variance (≥ 60%;

rule for sampling error as the only artifact; Hunter et al., 1982),

then the non–explained variance was not systematic, meaning the

results were not mediated by moderators. On the other hand, if the

variance due to the sampling error explained less than 60% of the

results, these were influenced by the effects of moderators. As for

the 95% confidence interval for d, if this interval had no zero, the

effect was significant. However, with this procedure trivial effects

can appear to be significant (Schmidt & Hunter, 2015). Hence, as a

safeguard, the effect should not be trivial (insignificant): an effect

was trivial if the observed probability was ≤ 0.05 (0.10 in d/h

scores); thus, if the confidence interval observed in d included 0.10,

the effect was trivial (Mayorga et al., 2020). In relation to the gener-

alization of the effect, if the 80% credibility interval of d had no

zero, the results were generalizable to other studies, the lower limit

being the minimum result expected for 90% of the studies. Con-

versely, if the 80% credibility interval of d passed zero, the results

of the studies were contradictory, and, consequently, subject to the

effects of moderators (Vilariño et al., 2022).

The magnitude of effect size (d) was interpreted qualitatively as

small (d = 0.20, an effect size larger than 55.6%), moderate

(d = 0.50, an effect size larger than 63.7%), large (d = 0.80, an

effect size larger than 71.6%), or more than large (d > 1.20, an

effect size larger than 80.2%) (Cohen, 2013; Arce et al., 2015).

Additionally, the magnitude was interpreted quantitatively as the

Probability of Superiority of the Effect Size (PSES; Gancedo et al.,

2021). This consists in transforming the observed effect size into a

percentile. Thus, meta–analytical results may be interpreted in terms

of the probability of superiority of the observed effect size (percen-

tile) over all possible effects (percentile distribution). Finally, the

mean effect sizes of the meta–analyses were compared converting

effects to correlations and computing the difference between two

correlations (q). Then, the Zeta value for the observed difference

was estimated with the associated probability (α) (Arias et al.,

2020). As for the computation of the PSES and the comparison of

the effects, the authors created excel spreadsheets, the correctness

of which were contrasted with a manual execution.

Results

Global analysis

The results of the analysis of the hypothesis of the existence of false

memories (in contrast to the probability of observing nothing, 0, i.e., the

non–existence of false memories; see Table 2), showed a significant (the

confidence interval for d had no 0); positive (supporting false memory

implantation); and more than large (d > 1.20; an effect size above

84.4%, PSES = 0.844) mean effect size (dw = 1.43). Moreover, it was

generalizable (the credibility interval had no 0) to 90% of the studies

with a minimum effect of 1.13 (lower limit of the credibility interval),

and not subject to moderators (sampling error explained more than 60%

of the variance i.e., the studies were homogeneous).

The results of the meta–analysis on the observed probability con-

trasted with a constant (trivial prevalence; 0.10 in d scores; see Table 2),

showed the registered prevalence of false memories was significant, pos-

itive (higher than a trivial prevalence), and with a large effect size (d >

0.80; an effect size above 75.5%, PSES = 0.755). Moreover, the increase

in the effect (false memory implantation) over a trivial effect was 89.8%

(EII = 0.898). This result was generalizable to 90% of the studies with a

minimum effect of 0.67 (lower limit of the credibility interval), and not

subject to moderators (%Var ≈ 60).

In the comparison of the observed probability of implanting a false

memory (success) with the probability of not implanting a false memory

(failure), i.e., p–q, the results of the meta–analysis (see Table 2) indi-

cated the mean effect size was not significant (the confidence interval

for d had 0), that is, an equal probability of success or failure in implant-

ing false memories. In short, the probability of implanting false memo-

ries was 50% i.e., a common effect. Nonetheless, these results were not

generalizable (the credibility interval had 0) to inter–studies, and were

subject to moderators (%Var < 60). That is, effects under 50% (the lower

limit of the credibility interval was –0.48) or above 50% (the upper limit

of the credibility interval was 0.34) may be explained by moderators.

Bearing in mind that the magnitude of the effects in implanting rich false

memories was mediated by moderators, the moderators with implica-

tions for the evaluation of the testimony, and the effects were compared.

Study of moderators

Though the previous results corroborated the existence of false mem-

ories (i.e., the probability of implanting was significant, generalizable,

and not subject to moderators), the literature has focused on the effects

of moderators that have an impact on the evaluation of a testimony. A

total of four moderators relevant to testimonies have been described in

the studies: the type of stimuli (upper limit of the credibility interval of

0.34); the age of the participants (underage and adults); the suggestive

techniques (suggestive technique used for the interviewer to introduce

Table 2

Meta–analyses of the implantation of false memories.

k N dw S2obs SDobs S2se %Var S2res SDres 95% CId 80% CV

For non–effect (0.0)

35 1901 1.43 0.1455 0.3815 0.0935 64.27 0.0520 0.2280 1.33, 1.53 1.13, 1.73

For Trivial Effect (0.05)

35 1901 0.98 0.1439 0.3794 0.0836 58.09 0.0603 0.2456 0.88, 1.08 0.67, 1.29

For a common effect (.50)

35 1901 –0.07 0.1763 0.4199 0.0746 42.32 0.1017 0.3189 –0.16, 0.02 –0.48, 0.34

Note. k: Number of effect sizes; N: total sample size; dw: Sample size weighted mean effect size; S2obs: Sample size

weighted observed variance of d–values; SDobs: Sample size weighted observed standard deviation of d–values;

S2se: Variance attributed to sampling error variance;%Var = Percent of observed variance accounted by sam-

pling error variance; S2res: Variance of d–values after removing sampling error variance; SDres: Standard devia-

tion of d–values after removing sampling error; 95% CId: 95% confidence interval for d; 80% CIδ = 80%

credibility interval.
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the false memory) employed for implanting false memories; and the

emotional charge of the event (positive and negative events). As the

magnitude of the effect was mediated by moderators (for the contrast of

po–q, the explained variance by sampling error was less than 60%), the

effects on the moderators relevant for forensic practice were analysed

and the effects compared.

The primary studies assessed several stimulus types for implanting

false memories: experienced event (self–experienced event, excluding

events watched on video), false narrative (read by participants or nar-

rated by researchers), and doctored photographs. Thus, a meta–analysis

was performed on the effects of each of these moderators (stimulus

type). The results of the meta–analysis for ‘experienced event’ stimulus

type moderator (see Table 3) found a positive (self–experienced event

implant false memories); significant (the confidence interval for d had

no 0); and more than large (d > 1.20; an effect size above 92.5%,

PSES = 0.925) mean effect size (dw = 2.03). The generalization to other

studies was not possible as the residual variance was zero (i.e., the pri-

mary studies were not randomly distributed; N < 400 and k < 3). Thus,

the probability of implanting false memories with this method was sig-

nificant, but further studies are required to ascertain their full impact.

In relation to the ‘false narrative’ stimulus type, in the primary stud-

ies the false event was either read by the participant, or narrated by the

researcher. Hence, separated meta–analysis were performed for a false

narrative read by the participant, or narrated by the researcher. The

results (see Table 3) exhibited equal effect in read by participant

(dw = 1.46), or narrated by researcher (dw = 1.33), q

(N’ = 328) = 0.054, Z = 0.69, p = 0.490. As the medium for introduc-

ing the false event (read vs. narrated) had no different effects in implant-

ing false memories, a meta–analysis was conducted with all the effect

sizes of the false event stimulus. The results of the meta–analysis for the

moderator ‘false narrative’ stimulus type (see Table 3) revealed a posi-

tive (false narrative implanted false memories); significant (the confi-

dence interval for d had no 0); and more than large (d > 1.20; an effect

size above 82.9%, PSES = 0.829) mean effect size (dw = 1.35). This

result was generalizable (the credibility interval had no 0) to 90% of the

studies with a minimum effect of 1.04 (lower limit of the credibility

interval); and not subject to moderators (%Var > 60). Thus, the result

was conclusive: the probability of implanting false memories with this

method was significant, of an extraordinarily large magnitude, general-

izable, and not mediated by moderators, that is, the effect was exclu-

sively due to the method.

The results of the meta–analysis for the moderator ‘doctored photo-

graph’ stimulus type (see Table 3) revealed a positive (doctored photo-

graphs implant false memories); significant (the confidence interval for

d had no 0); and more than large (d > 1.20; an effect size above 81.9%,

PSES = 0.819) mean effect size (dw = 1.29). The generalization to other

studies was not possible as the residual variance was zero (i.e., the pri-

mary studies were not randomly distributed; N < 400), and additional

studies to estimate it are required. In short, the probability of implanting

false memories with this method was significant, but more studies are

needed to confirm the effects of this moderator.

Comparatively, the ‘self–experienced event’ type of stimuli obtained

a significantly higher probability of implanting false memories than the

‘false narrative’, q(N’ = 265) = 0.258, Z = 2.95, p = .003, or ‘doctored

photograph’, q(N’ = 208) = 0.284, Z = 2.88, p = .004, stimulus type;

whilst ‘false narrative’ and ‘doctored photograph’ stimulus type had the

same effect in implanting false memories, q(N’ = 563) = 0.029,

Z= 0.44, p= .660.

The results of the meta–analysis for implanting false memories for

the age of the participant moderator (see Table 4) showed for the under-

age a significant (the confidence interval for d had no 0); positive (it is

probable to implant false memories in children and adolescents); and

more than large (d > 1.20; an effect size above 84.6%, PSES = 0.846)

mean effect size (dw = 1.44). This result was generalizable (the credibil-

ity interval had no 0) to 90% of the studies with a minimum effect of

1.03 (lower limit of the interval), but subject to moderators (%Var <

60). Thus, the probability of implanting false memories in children and

adolescents was significant, generalizable, of an extraordinarily large

magnitude, but subject to the effects of moderators. As the primary stud-

ies divided their samples into two cohorts (children under 13 years, and

adolescents from 13 to 18 years), educational level has a weak effect on

rich memories (Álvarez et al., 2021), and that children testimony was

highly influenced by suggestibility (Köhnken, 2004), that is, a higher

probability of implanted memories, a meta–analysis of children's

Table 3

Meta–analyses of the implantation of false memories for the type of stimuli moderator.

k N dw S2obs SDobs S2se %Var S2res SDres 95% CId 80% CV

Experienced event

2 148 2.03 0.0331 0.1820 0.0827 1001 0.0000 0.0000 1.63, 2.43 2.03, 2.03

False narrative

28a 1399 1.35 0.1563 0.3953 0.0996 63.71 0.0567 0.2382 1.23, 1.47 1.04, 1.65

24b 1208 1.33 0.1585 0.3981 0.0984 62.05 0.0601 0.2453 1.21, 1.45 1.02, 1.64

4c 191 1.46 0.1269 0.3562 0.1075 84.71 0.0194 0.1393 1.14, 1.78 1.28, 1.64

Doctored photograph

6 354 1.29 0.0382 0.1955 0.0831 1001 0.0000 0.0000 1.06, 1.52 1.29, 1.29

Note.
1 The predicted variance overcomes the observed variance, rounding it to 100%.
a Narrated or read false narrative.
b Narrated false narrative.
c Read false narrative.

Table 4

Meta–analyses of the development of false memories for the age of the participant moderator.

k N dw S2obs SDobs S2se %Var S2res SDres 95% CId 80% CV

Underage (< 18 years)

14 841 1.44 0.1881 0.4337 0.0850 45.18 0.1031 0.3211 1.29, 1.59 1.03, 1.85

13a 790 1.47 0.1893 0.4351 0.0846 44.72 0.1047 0.3235 1.31, 1.63 1.05, 1.89

Adults (≥ 18 years)

20 1040 1.36 0.1257 0.3545 0.0959 76.28 0.0298 0.1726 1.22, 1.50 1.14, 1.58

Note.
a Meta–analysis for children (< 13 years).
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samples (< 13 years) was replicated, and found similar results (the confi-

dence intervals for d overlapped; see Table 4).

The results of the meta–analysis for implanting false memories for

the age of the participant moderator (see Table 4) in adults exhibited a

significant (the confidence interval for d had no 0); positive (it was prob-

able to implant false memories in adults); and more than large (d > 1.20;

an effect size above 83.2%, PSES = 0.832) mean effect size (dw = 1.36).

This result was generalizable (the credibility interval had no 0) to 90%

of the studies with a minimum effect of 1.14 (lower limit of the credibil-

ity interval), and not subject to moderators (%Var > 60). Thus, the result

was conclusive: the probability of implanting false memories in adults

was significant, of an extraordinarily large magnitude, generalizable,

and not mediated by moderators. Comparatively, the probability of

implanting false memories in adults and the underage was similar in

both, q(N’= 930) = 0.033, Z= 0.71, p= .478.

The instructions for implanting false memories in the primary studies

consisted of 4 techniques: guided imagery (participants guided to imag-

ine events as if they really had happened); prompts/cues (prompts/cues

provided by the interviewer to remember a non–recalled event); pres-

sure to answer (participants are urged by the interviewer to recall

because their friends, parents or others remembered or already told the

event); and a non–directive technique (participants are asked by the

interviewer to think about the event).

As in the primary studies the guided imagery suggestive technique

for implanting memory was used on its own, or complemented with con-

text reinstatement (guided imagery and context reinstatement), separate

meta–analyses were performed to determine if the addition of the con-

text reinstatement instruction (k = 6) to the guided imagery technique

(k = 13) increased the implanting of false memories. The results

revealed a similar effect in both conditions (the confidence intervals for

d overlapped; see Table 5); that is, the results for the guided imagery

technique on its own were similar to those obtained for the guided imag-

ery technique complemented with context reinstatement, indicating

context reinstatement did not increase the effect of guided imagery.

Hence, all of the studies applying the guided imagery technique were

analysed.

The results of the meta–analysis of guided imagery instructions for

implanting false memories (see Table 5) showed a significant (the confi-

dence interval for d had no 0); positive (implanting false memories with

prompts/cues was probable); and more than large (d > 1.20; an effect

size above 84.9%, PSES = 0.849) mean effect size (dw = 1.45). This

result was generalizable (the credibility interval had no 0) to 90% of the

studies with a minimum effect of 1.19, and not subject to moderators (d

> 1.20; an effect size above 84.9%, PSES = 0.849). Thus, the result was

conclusive: the probability of implanting false memories with guided

imagery and guided imagery plus context reinstatement was significant,

of an extraordinarily large magnitude, generalizable, but not mediated

by moderators, that is, the effect was exclusively due to the method.

The results of the meta–analysis for prompts/cues instructions for the

implantation of false memories (see Table 5) showed a significant (the

confidence interval for d had no 0); positive (implanting false memories

with prompts/cues was probable); and more than large (d > 1.20; an

effect size above 82.6%, PSES = 0.826) mean effect size (dw = 1.33).

Moreover, this result was generalizable (the credibility interval had no

0) to 90% of the studies with a minimum effect of 0.92 (lower limit of

the credibility interval), but subject to moderators (%Var < 60). Thus,

the probability of implanting false memories with prompts/cues was sig-

nificant, generalizable, and with an extraordinarily large magnitude, but

subject to the effect of moderators.

The results of the meta–analysis of ‘pressure to answer’ instructions

(e.g., peer pressure) for implanting false memories revealed a significant

(the confidence interval for d had no 0); positive (implanting false mem-

ories via guided imagery and context reinstatement was probable); and

more than large (d > 1.20; an effect size above 86.4%, PSES = 0.864)

mean effect size (dw = 1.56). The generalization to other studies could

not be assessed due to the zero residual variance (i.e., the primary stud-

ies were not randomly distributed; N < 400), and further studies are

required to estimate it. Thus, the probability of implanting false memo-

ries by pressing to answer was significant, but additional studies are

needed to fully understand their impact.

The results of the meta–analysis of the non–directive technique for

implanting false memories (see Table 5) showed a significant (the confi-

dence interval for d had no 0); positive (implanting false memories via

guided imagery and context reinstatement was probable); and large (d >

0.80; an effect size above 73.9%, PSES = 0.739) mean effect size

(dw = 0.90). The generalization to other studies could not be assessed

due to the zero residual variance (i.e., the primary studies were not ran-

domly distributed; N < 400), and further studies are required to estimate

it. Therefore, the probability of implanting false memories without pres-

sure was significant, but additional studies are needed to fully under-

stand their impact.

Comparatively, non–directive instructions (e.g., think hard about

this) for implanting memory entailed less implanting of false memories

than guided imagery instructions (guided imagery, and guided imagery

plus context reinstatement) for implanting false memory, q

(N’ = 227) = –0.237, Z = –2.51, p = .012, or pressure to answer, q

(N’ = 130) = 0.281, Z = 2.24, p = .025; whereas false memories with

non–directive instructions, or prompts/cues were equally implanted, q

(N’ = 250) = 0.188, Z = 1.63, p = .059; with guided imagery and

prompts/cues, q(N’ = 718) = 0.049, Z = 0.93, p =. 352; with guided

imagery and pressure, and with prompts/cues and pressure, q

(N’= 211) = 0.064, Z= 0.65, p= .516.

Table 5

Meta–analyses of the development of false memories for the techniques for implantation of false memories.

k N dw S2obs SDobs S2se %Var S2res SDres 95% CId 80% CV

Guided imagery

6a 354 1.51 0.0884 0.2974 0.0880 99.55 0.0004 0.0198 1.27, 1.75 1.49, 1.54

13b 754 1.42 0.1473 0.3839 0.0874 59.30 0.0600 0.2449 1.26, 1.58 1.11, 1.73

19c 1108 1.45 0.1303 0.3610 0.0858 67.22 0.0427 0.2067 1.32, 1.58 1.19, 1.71

Prompts/Cues

8 532 1.33 0.1788 0.4229 0.0743 41.55 0.1045 0.3233 1.14, 1.52 0.92, 1.74

Pressure to answer

5 133 1.56 0.1853 0.4305 0.2007 1001 0.0000 0.0000 1.17, 1.95 1.56 1.56

A non–directive technique

4 128 0.90 0.0245 0.1566 0.1402 1001 0.0000 0.0000 0.53, 1.27 0.90, 0.90

Note.
a Guided imagery.
b Guided imagery and context reinstatement.
c Guided imagery, and guided imagery plus context reinstatement.
1 The predicted variance overcomes the observed variance, rounding it to 100%.
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The results of the meta–analysis of positive events (see Table 6)

found a significant (the confidence interval for d had no 0); positive (it

is probable to implant false memories of positive emotional events); and

more than large (d > 1.20; an effect size above 81.6%, PSES = 0.816)

mean effect size (dw = 1.27). Moreover, this result was generalizable

(the credibility interval had no 0) to 90% of the studies with a minimum

effect of 1.10 (lower limit of the credibility interval), and was not subject

to moderators (%Var > 60). In short, the result was conclusive: the prob-

ability of implanting false memories in positive events was significant,

of an extraordinarily large magnitude, generalizable, and not mediated

by moderators.

As for the meta–analysis of negative events (see Table 6), the results

revealed a significant (the confidence interval for d had no 0); positive

(implanting false memories of negative emotional events was probable);

and more than large (d > 1.20; an effect size above 82.1%, PSES =0.821)

mean effect size (dw = 1.30). Moreover, this result was generalizable

(the credibility interval had no 0) to 90% of the studies with a minimum

effect of 1.04 (lower limit of the credibility interval), and was not subject

to moderators (%Var > 60). In short, the result was conclusive: the prob-

ability of implanting false memories of negative events was significant,

of a magnitude more than large, generalizable, and not mediated by

moderators.

The comparison of the results of positive and negative events showed

the effects were similar in both, q(N’ = 776) = 0.013, Z = 0.26,

p= .795.

Discussion

The findings corroborated the hypothesis of the existence of false

memories, and the general inter–studies result was of an extraordinarily

large effect size (above ±85%). Moreover, a File Drawer Analysis (FDA)

showed that the findings were resistant to sampling bias (424 > 185;

Rosenthal, 1979), and to reduce the observed effect of implanting false

memories to a trivial effect (insignificant), 0.10 (Fandiño et al., 2021), a

total of 465 studies with a null effect would be required to refute the

results (Schmidt & Hunter, 2015). Succinctly, strong empirical support

(more than large effect size of the probability of implanting false memo-

ries); the generalization of the inter–studies results (the studies were

homogeneous in implanting false memories); and the absence of studies

with inconvenient results (without effect), confer the implanting of false

memories the status of ‘scientific fact’ or ‘scientific truth’ (Popper,

1973). This result underscored that forensics techniques for evaluating

testimonies based on the content analysis of memories should not focus

on the classification of honest memories, or in discriminating between

honest and dishonest testimonies (false memories are honest testimo-

nies), but rather they should aim to discriminate between memories of

self–experienced events, and fabricated memories of events (false mem-

ories are fabricated memories, not lived ones). If the forensics tools

applied have not been contrasted in the correct classification of

implanted memories or in discriminating between memories of self–

experienced events or implanted memories of events, they are invalid

(e.g., Criteria Based Content Analysis [CBCA]; Steller & Köhnken, 1989;

Reality Monitoring [RM]; Gancedo et al., 2021; Sporer & Küpper, 2004).

Moreover, in accordance with the principle of the presumption of inno-

cence (Art. 11 of the Universal Declaration of Human Rights; United

Nations, 1948), and that no innocent person should be found guilty, the

probability of false positives (i.e., implanting memories classified as

self–experienced) should be guaranteed to be 0. However, the probabil-

ity of implanting false memories was common (= 0.50).

As for the stimulus material for implanting memories, these can

include an array of stimuli (experienced events, false events, doctored

photographs), which is in line with the general results. Though all of the

stimulus conditions examined had an impact on judicial testimonies, the

implanting of false memories in experienced events entails additional

implications for the forensic evaluation of a testimony. Thus, by implant-

ing memories into experienced events, the part of the witness’ memory

of self–experienced events is truthful. Consequently, the reference foren-

sic techniques for assessing witness credibility focused on classifying

truthful statements are based on reality criteria (e.g., CBCA), memory

attributes (e.g., RM), or content categories of self–experienced events (e.

g., Global Evaluation System [GES]; Arce & Fariña, 2014) to identify

this memory as real (CBCA), of external origin (RM), or with content cri-

teria of self–experienced events (GES). This underscores that categorical

content analysis should be complemented with an analysis of validity to

control this effect. Reality Monitoring only relates memory attributes

without proposing a specific forensic technique (e.g., interview, validity

check; Gancedo et al., 2021), so this memory of self–experienced events

should be evaluated as part of the testimony. The SVA includes the test-

ing of the hypothesis of implanting a false event into a real one, but in

spite of the cautioning, there is no means of controlling false memory in

the analysis of the testimony (Köhnken, 2004). Regarding GES, content

analysis is exclusively restricted to the events being investigated, elimi-

nating from the content analysis all memory that is not the target of the

events under investigation. For example, an accusation of sexual assault

must be restricted to the content analysis of the assault itself, eliminating

prior or post testimony of the assault. In short, the control of the effects

of the incrustation of a false memory in an experienced event rest on the

analysis of the validity of the evidence.

In the forensic evaluation of testimonies, false memories have been

particularly associated to allegations of child sexual abuse (Davis & Lof-

tus, 2020). The results corroborated that the probability of implanting

any type of event (implanted events are diverse, the effects of the con-

tent of the event have not been analysed, and no study on sexual abuse

was found) was similar in both children and adults.

As for the techniques for implanting false memories and their impli-

cations in the evaluation of a testimony, the results revealed that the

guided imagery technique used by police for recovering memory from

witnesses and suspects, and clinicians in recovering traumatic memories

(Davis & Loftus, 2020) were associated to a high prevalence of

implanted false memories. Likewise, the prompts and cues that are fre-

quently employed in police interviews and in judicial cross–examination

also foster the implanting of false memories. Thus, the use of prompts

and cues in police interviews should be controlled, and the memory

obtained from them deemed invalid. The pressure to answer technique

also facilitated the implantation of false memories. The pressure to

answer in judicial proceedings comes mainly from police interrogation,

judicial cross–examination, and judges’ interviews to witness. Hence, a

witness’ observance of pressure to answer in police interrogation, judi-

cial cross–examination, and judges’ interviews invalidates the evidence

obtained. Even the use of non–directive techniques employed by judges

in judicial cross–examination (Arce, 2017) facilitated the implanting of

false memories, but to a lesser extent. Therefore, these memories should

be removed as legal evidence from the judicial decision–making process

as they constitute extra–legal evidence. Likewise, forensic interview

Table 6

Meta–analyses of the development of false memories for the event emotional valence moderator.

k N dw S2obs SDobs S2se %Var S2res SDres 95% CId 80% CV

Positive event

11 593 1.27 0.1085 0.3295 0.0905 83.39 0.0180 0.1343 1.09, 1.45 1.10, 1.44

Negative event

22 1126 1.30 0.1384 0.3720 0.0958 69.20 0.0426 0.2065 1.17, 1.43 1.04, 1.56
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techniques should not employ prompts or cues (interrogative phase) as

they facilitate false memory implantation i.e., contaminates memory (e.

g., NICHD, Poole Guide, stepwise interview, improved cognitive inter-

view). Furthermore, the information obtained in the interviews lack

forensic value, as the objective of the evaluation is not to obtain specific

information or the cross–examination of the witness (police/judicial

aim), but the analysis of content categories of memory. Moreover the

free recall forensic interview technique should not be based on guiding

imagination i.e., interviewers should not guide witnesses to imagine the

event, as a source of contamination of the memory, but in context rein-

statement (Fisher & Gieselman, 1992; Memon et al., 2010) of sensory

memories of the event (Arce, 2017).

Though false memories have often been related to negative events,

the results revealed positive events can be equally implanted. For foren-

sic evaluation, this implies that a memory of a positive event may be

implanted, so a false memory can support innocence (e.g., an accused of

sexual abuse may implant in child memory a positive event). Thus, in a

claimant's non–guilty testimony, the implanting of a positive event

should be suspected.

The results of the meta–analyses were subject to several limitations

that should be borne in mind. First, though the results substantiated the

existence of false memories, the effect sizes observed were so extraordi-

narily high that it was highly probable they had been overestimated. It

is well known that simulation designs (all of the primary studies were

based on simulation designs), with judicial implications obtained signifi-

cantly different results between field and experimental studies (Fariña et

al., 1994). In fact, simulation design studies in legal psychology have

face validity, but external validity is uncertain (Konecni & Ebbesen,

1992). Second, primary studies did not control the effect of both the

interview and the interviewer in memory content. The literature on the

effects of the type of interview on memory content is abundant (Memon

et al., 2010). Furthermore, interviewers are often untrained and have no

access to standardised training schemes. Therefore, two sources of error

go uncontrolled: the contamination of memory by the interviewer, and

the effect of the interviewer in memory productivity (Arce, 2017). Third,

the encoding of memories has been neither systematised, nor responded

to categories of content analysis constituting a methodic system (i.e.,

reliable and valid). Fourth, the agreement between two raters was evalu-

ated, not the reliability of the encodings. Agreement is not reliability.

Moreover, as the results were limited to agreement between two raters

and non–systematic measures, it was not possible to ascertain if encod-

ing results were generalizable to other raters (i.e., valid). Fifth, in several

meta–analyses the primary studies were not randomly distributed (the

variance after removing sampling error variance was 0), so the results

were estimates. This highlights the need for further studies to substanti-

ate the results of the meta–analyses of the pressure to answer and non–

directive techniques to implant a memory; and of the experienced event

and doctored photograph stimulus types. Sixth, the designs did not con-

trol if the false memory implantation was a real (conversion), or a fake

implantation (normative pressure) (Moscovici, 1980). Once again, this

overestimated the effect.

Hence, further research should examine the real probability (in field

studies) of implanting false memories and the moderators of the effects

in prompts/cues instructions and in the underage. Likewise, future liter-

ature should seek to overcome the limitations of method concerning the

content analysis system, the type of interview, the interviewer, and the

reliability and validity of the measures.
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