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RESUMEN

ABSTRACT

Estimating the Efficacy of the Gough’s F–K Index to Detect Simulation: 
A Meta-Analytic Review.
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Antecedentes/Objetivos: El índice F–K de Gough es uno de los indicadores de validez del MMPI-2 (instrumento 
de referencia en el ámbito forense) con mayor efectividad en la discriminación entre protocolos de respuesta simulados 
y genuinos. Sin embargo, los resultados son tan elevados que pueden responder en cierta medida a efectos del diseño 
experimental. Por ello, nos planteamos un estudio con el objetivo de estimar el tamaño del efecto verdadero del Índice F–K 
en la discriminación entre protocolos de respuesta simulados y genuinos, así como el efecto debido al grupo de comparación 
(grupo control del propio estudio vs. grupo control combinado). Método: Se encontraron un total 54 estudios, de los que 
se obtuvieron 77 tamaños del efecto. Con los tamaños de efecto experimentales se ejecutó un metaanálisis psicométrico de 
efectos aleatorios. Resultados: Los resultados mostraron un tamaño del efecto verdadero promedio, δ = 3.67, positivo, más 
que grande, significativo, y generalizable en la condición de comparación con el grupo control del propio estudio. Asimismo, 
los resultados mostraron un tamaño del efecto verdadero promedio, δ = 2.43, positivo, más que grande, significativo, y 
generalizable en la condición de comparación con el grupo combinado. Comparativamente, los resultados informaron de 
un efecto significativamente mayor en la condición de comparación con el grupo control del propio estudio. Discusión: 
El efecto verdadero con los datos de los estudios originales (comparación con el grupo control del propio estudio) es tan 
grande (> que el 99% de todos los posibles) que es evidente que esta sobrestimado. Una fuente de esta sobrestimación es 
la configuración del grupo control que no es normativo. Se discuten las implicaciones de estos resultados para evaluación 
forense de la simulación en el contexto forense.

Background/Objectives: The Gough’s F–K index is one of the most effective validity indicators of the MMPI-2 (a 
reference instrument in the forensic setting) for discriminating between simulated and genuine profiles. However, 
the reported effect sizes are so large that they may be attributable, to some extent, to experimental design artifacts. 
Therefore, this study aimed to estimate the true effect size of the F–K Index in discriminating between simulated 
and genuine profiles, as well as the effect of the comparison group type (in-study control group vs. combined control 
group). Method: A total of 54 studies were identified, from which 77 effect sizes were obtained. A psychometric 
random-effects meta-analysis was performed on experimental effect sizes. Results: The results showed an average 
true effect size of δ = 3.67, which was positive, very large, significant, and generalizable for the in-study control 
group comparison condition. Likewise, the results showed an average true effect size of δ = 2.43, which was positive, 
very large, significant, and generalizable for the combined control group comparison condition. Comparatively, the 
results indicated a significantly larger effect for the in-study control group comparison condition. Discussion: The true 
effect found using data from the original studies (i.e., comparison with the in-study control group) is so large (> 99th 
percentile of all possible values) that it is undoubtedly overestimated. A source of this overestimation is the use of a 
non-normative control group configuration. The implications of these findings for the forensic evaluation of simulation 
in the forensic context are discussed.
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Introduction

The Declaration of Basic Principles of Justice for Victims of 
Crime and Abuse of Power (United Nations [UN], 1985) states 
that “‘victims’ means persons who, individually or collectively, 
have suffered harm, including physical or mental injury, emotional 
suffering, economic loss or substantial impairment of their 
fundamental rights, through acts or omissions that are in violation 
of criminal laws operative within Member States, including those 
laws proscribing criminal abuse of power” (p. 1). 

Thus, victim status necessarily requires the suffering of harm 
as a consequence of a crime defined in criminal law. However, 
this definition distinguishes several types of harm resulting from 
the victimization process, including mental injury or emotional 
suffering, that is, the psychological harm or imprint of the 
crime. In the forensic context, although crime victimization is 
compatible with numerous disorders, the literature has identified 
Post-Traumatic Stress Disorder (PTSD) as the primary imprint of 
psychological harm (Kessler et al., 1995, 2005), as it is considered 
the only one capable of establishing causality, rather than mere 
comorbidity, with the event under investigation. Adjustment 
Disorder (AD) is also contemplated when all criteria for PTSD 
are met, but the stressor (Criterion A in the DSM-5-TR; American 
Psychiatric Association [APA], 2022) is of a psychosocial nature; 
likewise, Acute Stress Disorder is considered when the duration of 
symptoms is less than one month (Arce, 2018).

The assessment of psychological harm, along with the 
assessment of witness memory (i.e., credibility) and/or 
psychological characteristics related to the capacity to testify, 
require a multimeasure (two measures) and multimethod 
(interview and psychometric measure) approach that includes 
control for (dis)simulation (Arce et al., 2006, 2009; Graham, 
2011; Rogers, 2018b; Vilariño et al., 2013). In other words, in 
the criminal context, forensic psychological assessment must 
consist of an interview, psychometric instrumentation, and, when 
necessary, other additional tests (Arce & Fariña, 2012). Moreover, 
deception must be suspected to preserve the principles of legality 
and presumption of innocence, since an innocent person can never 
be wrongfully convicted (i.e., false positives must be 0; Sentence 
of the Spanish Supreme Court 1029/1997, December 29), whereas 
it is sufficient that guilty parties are generally convicted (i.e., 
false negatives are admissible, but reprehensible and unethical; 
Sentence of the Spanish Supreme Court 213/2002, February 14). 
In criminal forensic evaluations, this deception translates into the 
differential diagnosis of simulation (malingering), that is, ruling 
out the “intentional production of false or grossly exaggerated 
physical or psychological symptoms, motivated by external 
incentives” (APA, 2022, p. 835), one of which is the evasion 
of criminal responsibility. Thus, if simulation cannot be ruled 
out, the psychological assessment is not valid as inculpatory 
forensic evidence (Arce, 2018). Furthermore, the simulation of 
harm in the forensic context is a common phenomenon in Spain 
(Puente-López et al., 2023, 2024), and its differential diagnosis 
is compatible with other alternative hypotheses, such as the 
severity of the harm (Arce, 2017; Arce, Fariña, & Vilarino, 2015; 
Graham, 2011; Fariña et al., 2014). Therefore, it must be ruled 
out before assessing the psychological harm.

Based on this premise, not just any method is acceptable, 
the techniques used in a forensic assessment must meet the 
Daubert criteria of scientific validity (Daubert v. Merrell Dow 
Pharmaceuticals, 1993). In this regard, the clinical-forensic 
interview (Arce & Fariña, 2001; Vilariño et al., 2013) is posited 
as an appropriate method for establishing a causal relationship 
between the psychological harm and the event under investigation. 
However, it does not discriminate against all forms of simulation; 
that is, it requires a complementary detection task: psychometric 
instrumentation (Rogers, 2018a). Several valid tests exist for the 
forensic context, such as the SCL-90-R (Vilariño et al., 2020) or 
the MMPI-2 (Gancedo et al., 2021; Graham, 2011; Lees-Haley 
et al., 2002; Rogers, 2018a; Rogers et al., 2003). The latter is 
the benchmark instrument and the most widely used in forensic 
assessment, as it measures psychopathology and psychological 
adjustment, and features validity scales and indices that rule out, in 
this case, all forms of simulation (Pope et al., 2006; Puente-López 
et al., 2024).

The Minnesota Multiphasic Personality Inventory (MMPI-2; 
Butcher et al., 1989; Butcher et al., 2019) assesses mental health 
through 9 clinical scales (there were originally 10, but the fifth 
scale, Masculinity-Femininity [Mf], is now obsolete due to the 
absence of mental disorders that include masculinity or femininity 
in their symptomatology): Scale 1 (Hs: Hypochondriasis), Scale 
2 (D: Depression), Scale 3 (Hy: Conversion Hysteria), Scale 
4 (Pd: Psychopathic Deviate), Scale 6 (Pa: Paranoia), Scale 7 
(Pt: Psychasthenia), Scale 8 (Sc: Schizophrenia), Scale 9 (Ma: 
Hypomania), and finally, Scale 0 (Si: Social Introversion). On 
the other hand, for controlling simulation, the MMPI-2 features 
several validity scales. In the forensic context, these include not 
only the original scales from the commercial version (i.e., ?, F, K, 
L) but also additional ones (i.e., TRIN, VRIN, Fb, Fp, FBS, RBS), 
as well as other widely validated scales and indices (F–K [Gough 
Index], F-Fb, %True responses, Fs, Ds, Fptsd) that demonstrate 
good discriminant validity and high classification accuracy for 
simulation (Gancedo, Sanmarco et al., 2020; Gancedo, Selaya et 
al., 2020; Gancedo et al., 2021; Rogers et al., 2003).

In particular, the Gough Index (F–K) is established as a validity 
indicator for the MMPI-2 (Brophy, 1995; Lees-Haley, 1989, 1991; 
Osborne et al., 1986; Sánchez et al., 2008), although it is not 
included in the commercial version following the restandardization 
by Butcher et al. (1989), nor in the Spanish adaptation (Butcher et 
al., 2019). It is composed of a total of 90 items on the MMPI-2 (it 
does not appear in the MMPI-2-RF or MMPI-A): 60 items from 
the F scale, which aims to detect infrequency or incoherence in 
responses (Gancedo et al., 2021; Greene, 2011; Rogers, 2018a); 
and 30 items from the K scale, whose function is to detect a subtle 
but persistent tendency to either exaggerate psychopathology 
and present in a very unfavorable light (low scores) or to deny 
psychopathology and present in a favorable light (high scores) 
(Graham, 2011; Fariña et al., 2017). This allows the Gough Index 
to interpret results from a dual dimension, such that if the raw score 
from the F–K difference is negative (F–K < -15/-21), dissimulation 
is suspected (Greene, 2011; Fariña et al., 2017), whereas if the F–K 
difference is positive (F–K ≥ 30), simulation is suspected (Arce et 
al., 2009; Rogers 2018a).
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Originally, Gough (1947, 1950) proposed the F–K index as a 
measure of feigned emotional distress, and although many cut-
off scores have been proposed, Graham (1990) suggests that as 
the F–K score increases above zero, the probability of simulation 
also increases. In fact, Gough (1950) found that an F–K score 
> 2 correctly detected 86% of faked MMPI profiles while only 
misidentifying 11% of genuine profiles. He therefore proposed the 
values F–K < -9 for the tendency to present a “good image” (i.e., 
dissimulation) and F–K > 9 for the tendency to feign a “bad image” 
(i.e., simulation), considering a profile valid only if its raw score 
fell within that range. However, these cut-off scores have been the 
subject of constant debate in the scientific community and have 
thus been corrected over the years (Fox et al., 1995). Nevertheless, 
no single index or scale classifies deception on its own; only their 
combination increases the validity of the approach for controlling 
false positives (Arce et al., 2024). Therefore, to validate a protocol 
and ensure a high probability of response distortion, a high Gough 
Index (F–K ≥ 30) is required, along with two or more of the 
following criteria: F, Fb, or Fp ≥ T-score of 66.45 (Arce et al., 
2009; Rogers, 2018a). In this context, only a positive F–K score is 
of interest—that is, the measure of simulation—as dissimulation 
has little to no relevance in the criminal field.

With the foregoing in mind, it can be concluded that the 
MMPI-2 is a widely studied and generally validated tool in the 
forensic context as a complementary test (Arce et al., 2009; 
Pope et al., 2006). However, elements remain to be explored. 
While numerous studies have aimed to detect the simulation of 
harm using the MMPI-2 validity scales and indices, there are 
scarcely any meta-analytic reviews oriented toward verifying their 
efficacy, especially regarding the F–K index (Nelson et al., 2006, 
2010; Rogers et al., 1994). Moreover, until recently, quantitative 
syntheses did not consider the study design type as a moderator 
variable, despite its influence on the obtained results and, therefore, 
on their generalization to forensic practice (Gancedo, Novo, & 
Arce, 2020). They only considered the comparison sample and 
the specific disorder being simulated (Rogers et al., 2003; Sharf 
et al., 2017). In this regard, it has been shown that many empirical 
studies in this field do not use a normative population (understood 
as the general population) for comparison; instead, they often 
use in-study groups in which an attempt is made to match the 
sociodemographic characteristics of the groups in question (i.e., 
experimental and control; Gancedo, Novo, & Arce, 2020).

For all these reasons, a meta-analytic study was designed with 
the objective of estimating the true effect size from experimental 
studies that tested the discriminant efficacy of the Gough Index 
(F–K) in distinguishing between simulated and genuine response 
protocols, as well as to analyze the effects of the control group 
type (in-study vs. normative). Consequently, we propose to test the 
following hypotheses:

Hypothesis 1: The F–K Index on the MMPI-2 significantly 
discriminates between genuine and simulated response protocols.

Hypothesis 2: The effect of comparing simulation responses 
with the in-study control group will be significantly larger than 
the effect of comparing them with a combined (normative) control 
group.

Hypothesis 3: The validity of the results (discriminant 
capacity between genuine and simulated response protocols) is 
generalizable across studies.

Method
Literature Search

To obtain the largest possible number of studies that quantified 
the ability of the F–K Index on the MMPI-2 to discriminate 
between genuine and simulated responses, or that published data 
allowing for the calculation of this effect, several strategies were 
employed. First, a search was conducted in the reference scientific 
electronic databases: Scopus, Web of Science, and PsycInfo. 
The following descriptors were used as meta-tags: MMPI AND 
(Gough index OR F–K index) FOR the F minus K variable; AND 
(“fake bad” OR “malinger” OR “faking bad” OR “simulation” 
OR “overreporting”) FOR the simulation variable*. Second, 
the reference sections of the articles found in the database were 
reviewed. Third, references contained in previous systematic 
and meta-analytic reviews that included the Gough Index on 
the MMPI-2 as a measure of simulation were identified: Nelson 
et al. (2006, 2010) and Rogers et al. (1994). Although an exact 
replication of existing reviews would be ideal, this task was not 
always possible due, on the one hand, to access limitations for the 
retrieved works and, on the other hand, to the non-inclusion of the 
necessary primary data in said studies. Finally, expert researchers 
in the field were contacted to obtain unpublished data.

Once the studies were identified and collected, they were 
reviewed. The first step consisted of detecting duplicate records 
(i.e., database entries, not studies), for which automated tools 
were used, although a manual procedure was also performed. 
Next, an initial screening by title and abstract was performed, and 
subsequently, the resulting studies were assessed according to the 
following inclusion criteria: the instrument had to be the MMPI-2; 
it had to report sociodemographic characteristics of participants 
relevant for the review and the study of moderators (number of 
participants, age, gender [as norms vary between gender], etc.); 
it had to provide an effect size calculation or statistical data that 
allowed for its calculation, such as means and standard deviations 
or the classification rate for simulation. 

a. Study design (Rogers, 2018c): simulation research (SR); 
known-groups comparison (KGC); differential prevalence 
design (DPD); and bootstrapping comparison (BTS). 

b. Design type: group comparison with a simulation group.

The following exclusion criteria were applied: a) studies based 
on the same dataset (resulting in duplicate effects), a common 
practice in this field, were excluded as they are not statistically 
independent; and b) unpublished studies or those published without 
peer review, or, in the case of doctoral dissertations, not defended 
before a panel (Daubert standard), were excluded.

Figure 1 presents the flowchart for the study search process 
for the present quantitative synthesis, developed following the 
PRISMA methodology (Page et al., 2021). This procedure yielded 
a total of 54 documents (see Annex), from which 77 effect sizes 
were obtained for the F–K Index: 53 of them from the comparison 
between Simulation Groups and the combined Control Group, 
and 24 related to the comparison between simulators and their 
respective in-study Control Group.
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Figure 1 
Flow diagram of the meta-analysis

Coding of the Primary Studies

Once the primary studies included in the meta-analytic review 
were selected, the information considered relevant from each study 
was coded. The following categories were coded: a) the primary 
study reference; b) document type (peer-reviewed paper, published 
doctoral dissertation); c) design characteristics (i.e., the moderator 
variables introduced); d) sample characteristics (i.e., size, sex, age, 
group of origin); e) the mean and standard deviation of the groups 
to be compared or, failing that, the necessary data to calculate the 
effect size; and f) the effect size (the reported effect sizes were 
recalculated with the data from the article itself to verify their 
accuracy).

The coding procedure was carried out by two independent, 
trained, and experienced raters (Montes et al., 2022). Between- 
and within-rate concordance was estimated using true Kappa (k̅; 
Fariña et al., 2002); that is, the concordance was corrected by the 
correspondence between raters, thus avoiding the coding of two 
errors as an agreement (Arce et al., 2000). For all studies, the results 
showed a total true between-rater concordance (k̅ = 1). Both raters 
recoded the protocols one week after the original coding (within-
rater concordance), obtaining a total true concordance (k̅ = 1). In 
short, the raters demonstrated stability in their coding over time 
(test-retest) and between each other. Consequently, other equally 
trained raters would have coded the studies in the same way on 
the analyzed variables, meaning they coded the variables with 
accuracy according to the coding categories (i.e., coding fidelity; 
Fariña et al., 2002).

Data Analysis

All effect sizes were calculated based on the d estimator from 
the data provided by the primary studies (i.e., using the sample 
sizes and the means and standard deviations of the corresponding 
group). This was justified because a large percentage of the studies 
did not report an effect size, or, if they did, they did not report 
how it had been computed. Therefore, the formula of Cohen (1988; 
for when groups are of equal size and for comparison with a test 
value), Hedges (1981; for when groups differ in size), or Glass 
(1977; for when the standard deviations vary considerably, i.e., 
the assumption of homogeneity of variances is violated, as occurs 
in the computation of the combined control group) was applied. 
With this information, Excel spreadsheets were created to ensure 
precise calculations, and their operational accuracy was verified 
by comparing them with manual execution. Next, the existence 
of outliers was examined by checking for the presence of outliers 
(±1.5*IQR) and extreme values (±3*IQR), as well as compliance 
with Chauvenet›s criterion (1891; ±2SD).

On the other hand, to quantitatively aggregate the results of 
the primary studies, the psychometric meta-analysis procedure 
for standardized differences (i.e., experimental effect sizes) by 
Schmidt and Hunter (2015) was followed, correcting the effect 
size for sampling error and for the unreliability of the criterion 
(dependent variable).

The significance of the meta-analytic results was estimated with 
Z, and the comparisons between the meta-analytic results were made 
with the q statistic, with its significance also tested with Z (Arce et 
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al., 2023; Cohen, 1988). Finally, the effect sizes were interpreted 
qualitatively in terms of small (d = 0.20), moderate (d = 0.50), large 
(d = 0.80), and very large (d > 1.20) magnitude (Arce, Fariña, Seijo 
et al., 2015; Cohen, 1988), and quantitatively with the Probability 
of Superiority of the Effect Size (PSES; Arce et al., 2020; Arias et 
al., 2020).

Criterion Reliability

Since the Gough Index is a combination of two scales (i.e., 
F and K), neither the primary studies nor the original manuals 
provide data on its reliability. Therefore, for its calculation, the 
internal consistency (i.e., Cronbach’s α; 1951) of both scales was 
taken as the unit of measurement, and an empirical distribution 
of reliability coefficients was created for each of the analyzed 
variables based on the obtained data. Thus, for both the F scale 
and the K scale, data from Butcher et al. (2019), García & Romero 
(2009), Mundia (2011), Silberman (2002), and Tarescavage et al. 
(2015) were used. Based on these values, the formula developed 
by Mosier (1943) for the reliability of a composite was applied, 
yielding an internal consistency (α) of .89.

Study of Moderator Variables

A moderator variable is one that “causes differences in the 
relationship between two other variables” (Hunter & Schmidt, 
2004, p. 90). In other words, it is a particular feature of the studies 
that varies from one to another and can affect the results (in the 
form of non-artifactual variance). Consequently, Schmidt and 
Hunter (2015) recommend breaking down the set of studies and 
creating smaller subcategories based on the characteristic to be 
analyzed. In this study, the data were coded considering three 
moderator variables, which have been previously considered 
(Gancedo, Novo et al., 2020): (1) the comparison population, (2) 
the simulated harm, and (3) the study design.

1. Comparison population. This is a moderator studied in 
other reviews with a reported effect on the effect size 
(Gancedo, Novo et al., 2020; Gancedo, Selaya et al., 
2020). While there are several relevant comparison 
groups, such as the clinical population (i.e., a positive 
criterion for non-simulation, or discriminant validity) 
and/or the general population (i.e., normative validity 
of the instrument or scale/index), the latter has greater 
transferability to forensic practice (Arce, 2017), since 
the goal of an assessment is to distinguish individuals 
who present with symptoms of psychological harm from 
the general population. However, it has been found that 
many studies using their own control group lack external 
validity (i.e., generalizability), as these groups are often 
analogous to the simulator group in sociodemographic 
characteristics and are not representative of the general 
population (Gancedo, Novo et al., 2020; Redondo et al., 
2019). This leads to the observation of experimental effect 
sizes that are excessively larger than expected, that is, 
larger than the population mean intended for the test (see 
Annex).

2. Simulated harm. It is a fact that, depending on the context, 
it is interesting to know the ability of the scales to detect 

specific disorders (e.g., schizophrenia, PTSD, depression, 
brain damage; Rogers et al., 2003; Sharf et al., 2017). 
However, it is relatively common to find small samples 
in this type of study (N < 400), which diminishes the 
generalizability of the results (Gancedo, Selaya et al., 
2020). Furthermore, the validity indices and scales of 
the MMPI-2 are mostly designed to assess simulation in 
general, not a specific disorder, unlike the MMDS (Henry 
et al., 2008).

3. Study design. Finally, different methodological approaches 
for measuring simulation have been found in the collected 
primary studies, which can affect both the results and 
their validity. Rogers (2018b) differentiates four types: 
1) simulation research (SR), in which the experimenter 
randomly assigns participants to experimental conditions 
(e.g., to respond honestly or in a simulated manner); 2) 
known-groups comparison (KGC), in which participants 
are classified based on some external indicator (e.g., 
the result of a test); 3) differential prevalence design 
(DPD), in which participants are classified based on 
their prior membership in groups that are presumed to 
exhibit a particular response style, different from that 
of the normative population (e.g., litigants, clinical 
patients, etc.); and (4) bootstrapping comparison (BTS), 
in which indicators and detection strategies are used 
to distribute participants (e.g., variance, biases, etc.). 
In terms of efficacy, although the simulation design is 
the most common and is posited to have higher internal 
validity than its counterparts, it also lacks generalizability 
(especially in the forensic context). This is due to several 
reasons: first, the nature of the incentives and repercussions 
between an experimental group and a real-world group 
in a judicial context (Rogers et al., 2019); second, the 
different formulations of the instructions in the various 
studies (Merckelbach et al., 2009); and third, the different 
simulation strategies followed—that is, whereas in a 
forensic context the goal is to simulate successfully while 
avoiding detection, in an experimental context the success 
of the simulation is maximized without regard for the risk 
of detection (Fariña et al., 1994). Conversely, the design 
with the highest external validity (i.e., applicability in the 
forensic context) is the known-groups design, followed by 
the differential prevalence and bootstrapping designs.

For all the reasons stated above, the first and last of these 
moderator variables were taken into consideration for the purposes 
of the present study.

Results
Outlier Analysis

Prior to the meta-analytic study, it is necessary to perform an 
exploratory data analysis with the objective of identifying outliers 
or extreme values, which can distort the value of the observed 
mean effect size, defined as “observations which deviate so much 
from other observations as to arouse suspicions that they were 
generated by a different mechanism” (Hawkins, 1980, p. 1). An 
exploratory data analysis of the observed effect sizes did not 
show outliers.
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General Results of the Meta-Analyses

The results of the meta-analysis (k = 55) comparing the 
Simulation Group (N = 4931) with a combined Control Group 
(N = 3158) exhibited (see Table 1) a mean true effect size of δ = 
2.43. This effect was positive (higher F–K scores in the simulation 
group), significant (Z = 8.64, p < .001), generalizable across 
studies (the credibility interval does not include 0), and of a very 
large magnitude (δ > 1.20; greater than 95.73% of all possible 
effects, PSES = .9573). These results confirm Hypotheses 1 and 
3. Nevertheless, the distribution of the studies is heterogeneous 
(%Var < 75%), with this variability being explained by moderators.

Table 1
Psychometric meta-analysis of the F–K Index comparing the Simulation Group with 
the Combined Control Group (NControl = 3158).

K N d SDObs S2
SE SDRes δ SDδ %Var 80% CI

53 4764 2.29 1.30 0.07 1.27 2.43 1.34 4.41 0.69,4.17
Note. k: Number of effect sizes; N: Total sample size; d: sample-size weighted observed effect 
size; SDObs: Sample size weighted observed standard deviation of d-values; S2

SE: Variance due to 
sampling error; %Var = Percent of variance in observed d-values accounted for by artifacts; SDRes: 
Standard deviation of d-values after removing sampling error variance; δ: Mean true effect size; 
SDδ: Standard deviation of delta; 80% CI: 80% Credibility Interval.

The results of the meta-analysis of the experimental effect 
sizes comparing the Simulation Group with the in-study Control 
Groups showed (see Table 2) a mean true effect size of delta = 
3.67. This effect was positive (higher F–K scores in the simulation 
group), significant (Z = 14.22, p = .001), generalizable across 
studies (the credibility interval does not include 0), and of a very 
large magnitude (delta > 1.20; greater than 99.53% of all possible 
effects, PSES = .9953). These results confirm Hypotheses 1 and 
3. Nevertheless, the distribution of the studies is heterogeneous 
(%Var < 75%), with this variability being explained by moderators.

Table 2
Psychometric meta-analysis of the F–K Index comparing the Simulation Group with 
the in-study Control Group.

K N d SDObs S2
SE SDRes δ SDδ %Var 80% CI

24 5566 3.46 1.43 0.04 1.41 3.67 1.50 2.12 1.74,5.16
Note. k: Number of effect sizes; N: Total sample size; d: sample-size weighted observed effect 
size; SDObs: Sample size weighted observed standard deviation of d-values; S2

SE: Variance due to 
sampling error; %Var = Percent of variance in observed d-values accounted for by artifacts; SDRes: 
Standard deviation of d-values after removing sampling error variance; δ: Mean true effect size; 
SDδ: Standard deviation of delta; 80% CI: 80% Credibility Interval.

When comparing the results of the meta-analyses on the effect 
of simulation on the F–K index by control group type (in-study 
control group vs. combined control group), the results showed a 
significantly smaller effect size, qs(N’ = 5116) = -0.342, Z = 17.29, 
p < .001, for the condition comparing with the combined control 
group (δ= 2.43 vs. δ = 3.67) than for the condition comparing with 
the in-study control group. This finding confirms Hypothesis 2.

Discussion

A meta-analytic review was conducted with the objective 
of estimating the true effect size of the Gough Index (F–K) and 

the effects of the control group type (in-study vs. normative) on 
this estimation. Limitations to its generalization emerge from 
the results of this review. First, the mean true effect size resulting 
from the comparison with the in-study control group is larger than 
99.53% of all possible effects, meaning the overall accuracy (i.e., 
the probability that an individual will be correctly classified by the 
F–K Index) would be practically perfect. This result contradicts 
the unreliability of the F–K Index found in this review (α = .89). 
Consequently, this result indicates that a large part of the effect is 
not due to the construct being measured, but rather to the method. 
Second, the results of the meta-analysis comparing the simulation 
group with a combined control group (true normative sample) are 
also of such a high magnitude—greater than 95.73% of all possible 
effects—that they are impossible. Third, the results are for mean 
comparison, then it is not directly valid for forensic practice (N = 1). 
Fourth, the cut score for the classification of simulation is known, 
then the results may not be generalized to forensic field (target: 
classification of simulation). 

From these results and limitations, the qualitative validity of the 
findings can be concluded: the F–K Index discriminates positively 
and significantly between simulated and genuine response 
protocols. However, they are not valid quantitatively: the effects 
are overestimated. One source of this method-based overestimation 
is the comparison group in the primary studies: these are not truly 
normative groups. In fact, the effect is significantly reduced when 
the effect size is calculated with the aggregated sample from the 
primary studies: the true normative sample of these studies. This 
implies that the comparison samples were not well-selected in the 
primary studies. Along these lines, Gancedo, Selaya et al. (2020) 
had already warned that many of these studies used university 
students for both the simulator and general population groups, 
thereby introducing a population bias. Nevertheless, the mean 
effect size corrected for this population bias remains so high 
that it is also untenable. Therefore, future literature should be 
oriented toward the search for other moderators (variance due to 
the method and not the measured construct; in this case, efficacy 
in the discrimination and classification of simulation) that have 
artificially inflated the effect. In this regard, Arce et al. (2023) have 
pointed out that a large part of the variance in the observed effect 
size is due to the design type of the primary studies, specifically 
simulation research (SR) designs.

Despite this, the results allow for practical implications to be 
drawn for forensic practice. First, it has been verified that the F–K 
Index of the MMPI-2 effectively discriminates between genuine 
and simulated response protocols, regardless of the comparison 
group used, although the power of its efficacy is exaggerated. This 
implies that it can be used as a reliable and valid indicator for the 
detection and classification of simulation. However, the margin of 
error is unknown, especially the Type II error (false negatives), 
which is not admissible in forensic assessment as it contravenes the 
principle of presumption of innocence—that is, the conviction of 
a falsely accused person (Sentence of the Spanish Supreme Court 
1029/1997, December 29). Consequently, this indicator must be 
used in combination with other indicators and guided by a forensic 
technique that controls for Type II error.
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Annex. Primary studies data

Reference Source Design
Simulation group Control group

d1 d2

N Participants N Participants
Austin (1992) Paper SR 37 Students 33 Students 4.43 4.62
Bagby et al. (1994) Paper SR 58 Students 90 Students 2.87 3.16
Bagby et al. (2000) Paper SR 23 Health professionals --- --- --- 1.75
Bagby et al. (1997a) Paper SR 40 Students 40 Students 3.17 3.13
Bagby et al. (1997b) Paper SR 78 Students --- --- --- 2.53

Psychiatric patients --- --- ---
Psychologists --- --- ---

Berry et al. (1995) Paper SR 18 Non-inpatients 20 General population 1.49 1.86
Berry et al. (1996) Paper SR 30 Inpatients --- --- --- 3.80
Berry et al. (2001) Paper SR 59 Non-inpatients --- --- --- 0.15
Bianchini et al. (2008) Paper KGC 58 Students --- --- --- 0.63

Non-inpatients --- --- ---
Blanchard et al. (2003) Paper SR 52 Students --- --- --- 4.00
Bury & Bagby (2002) Paper SR 131 Students --- --- --- 1.58
Cavenagh (2008) Doctoral dissertation SR 30 Litigants --- --- --- 0.97
Chang et al. (2017) Paper SR 40 Students 30 Students 4.63 4.52
Charles (1999) Doctoral dissertation KGC 42 Litigants 53 Honest litigants 1.27 0.75
Cramer (1995) Paper SR 124 Students 31 Students 1.89 ---
Crawford et al. (2006) Paper SR 27 Students --- --- --- 0.88
Elhai et al. (2001a) Paper SR 79 Students --- --- --- 3.07
Elhai et al. (2001b) Paper SR 80 Students --- --- --- 3.07
Gassen et al. (2007) Paper KGC 29 Prison inmates 37 Prison inmates 2.86 2.89
Greiffenstein et al. (1995) Paper KGC 121 Non-inpatients --- --- --- 0.17
Greiffenstein et al. (2002) Paper KGC 159 Litigants --- --- --- 0.13
Greiffenstein et al. (2004) Paper DPD 89 Non-inpatients --- --- --- 0.33
Greve et al. (2006) Paper KGC 162 Non-inpatients --- --- --- 0.37
Iverson et al. (1995) Paper SR 28 Prison inmates --- --- --- 2.95
Jana (2001) Doctoral dissertation SR 33 Prison inmates 15 Prison inmates 0.62 2.21
Kopf et al. (2016) Paper SR 47 Students --- --- --- 3.49
Kucharski & Johnsen (2002) Paper SR 90 Prison inmates 30 Prison inmates 2.09 2.74
Kurtz (1992) Doctoral dissertation SR 120 Prison inmates 20 Prison inmates 4.37 3.09
Lange et al. (2010) Paper SR 29 Students 20 Students 2.29 2.24
Larrabee (2003) Paper KGC 26 Litigants --- --- --- -0.09
Lees-Haley (1992) Paper KGC 55 Litigants 64 Honest litigants 2.445 0.92
Lewis et al. (2002) Paper KGC 24 Litigants --- --- --- 2.67
Mihura et al. (2000) Paper SR 20 Students 20 Students -4.32 0.38
Moayedi (2013) Doctoral dissertation SR 30 General population --- --- --- 0.89
Moran (1999) Doctoral dissertation SR 102 Students --- --- --- 1.27
Poggioli (2000) Doctoral dissertation SR 120 General population --- --- --- 3.29

Health professionals --- --- ---
Rogers et al. (1995) Paper SR 42 Non-inpatients --- --- --- 3.82
Ross et al. (2004) Paper DPD 59 Litigants --- --- --- 0.48
Sánchez et al. (2007) Paper SR 267 General population 541 General population 4.47 4.32
Sánchez et al. (2008) Paper SR 272 General population 1723 General population 4.79 4.33
Schaugaard (1999) Doctoral dissertation SR 15 Students 15 Students 2.11 2.35
Sivec et al. (1994) Paper SR 179 Students 58 Students 1.96 2.92
Steffan et al. (2003) Paper SR 92 Students --- --- --- 2.21
Steffan et al. (2010) Paper SR 45 Prison inmates --- --- --- 2.46
Storm & Graham (2000) Paper SR 440 Students --- --- --- 2.67
Sweet et al. (2006) Paper DPD 89 Litigants --- --- --- -0.06
Vaughan (1995) Paper SR 60 Prison inmates 30 Prison inmates 2.57 3.13
Viglione et al. (2001) Paper SR 88 Students --- --- --- 1.25
Walters (1998) Doctoral dissertation SR 342 Students 45 Students 1.69 1.98
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Reference Source Design
Simulation group Control group

d1 d2

N Participants N Participants
Walters & Clopton (2000) Paper SR 370 Students 95 Students 1.78 1.98
Wetter et al. (1992) Paper SR 70 Students 68 Students 2.07 3.60
Wetter et al. (1993) Paper SR 42 General population --- --- --- 3.80
Wetter et al. (1994) Paper SR 46 General population 36 General population 2.28 2.41
Wetter & Deitsch (1996) Paper SR 80 Students 44 Students 0.32 1.84

Note. SR: simulation research; KGC: known-groups comparison; DPD: differential prevalence design; d1: Cohen’s d for the comparison of the simulation group with in-study control group; d2: Cohen’s d 
for the comparison of the simulation group with the combined control group.
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