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a b s t r a c t 

Anomalous phenomena are human experiences that are characterized by challenging the foundations of current 
scientific ontology (i.e., psi phenomena). The problem lies in the fact that some studies have obtained significant 
results that support the existential validity of psi phenomena. This fact calls into question the role of psychology 
-and specifically that of psychological assessment- in scientifically justifying and objectively evaluating this type 
of behavior. This work examines the construct validity and reliability of the Multivariable Multiaxial Suggestibility 
Inventory-2 (MMSI-2), a psychometric test that measures both anomalous phenomena and the main psychological 
predictive variables that could generate them. The study included 804 participants without psychiatric history. 
The participants were evenly distributed into two groups: participants who believe in the existence of the paranor- 
mal and participants who are non-believers. Confirmatory factor analysis was applied, factorial invariance between 
both groups was examined, and Cronbach’s alpha and Omega reliability coefficients were calculated. The results al- 
lowed accepting the ‘strong factorial invariance’ for the internal structure of the MMSI-2. In parallel, latent means 
analysis indicated that believers had higher scores than non-believers in the 4 latent variables of the test. Re- 
gression models indicated that the Clinical Personality Tendencies (CPT), Incoherent Manipulations (IMA) and Altered 
States of Consciousness (ASC) scales predicted 51.2% of anomalous phenomena. It is concluded that the MMSI-2, 
with its 174 items and 20 scales, is a valid and reliable psychometric instrument. This research is a continuation 
of the Escolà-Gascón (2020) report, in which the first psychometric properties of the MMSI-2 were published. 
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. Introduction 

Certain types of behaviors that are scientifically difficult to ex-
lain are called anomalous phenomena (e.g., French and Stone, 2014 ),
lthough they do not have to be inexplicable (see Lange et al.,
019 ). Research into these phenomena is complex because they chal-
enge or might appear to contradict current scientific ontology (e.g.,
arkinson, 2019 ). These phenomena can be very diverse and vary ac-
ording to each scientific discipline (e.g., Bobrow, 1983 , 2003 ). This re-
ort focuses on the psychometric study of ‘psi’ phenomena and of anoma-
ous experiences associated with parapsychology. The term ‘psi’ phe-
omena serves to classify the investigation of three objects of study (e.g.,
rwin and Watt, 2007 ; Jinks, 2019 ): (1) anomalous mind-to-mind commu-
ication (also informally called “telepathy ”); (2) anomalous anticipation
f information (called “precognition ”); and (3) anomalous mind-matter in-
eraction (informally known as “psychokinesis ”) (see also Eysenck and
argent, 1982 ). In some cases, other phenomena related to parapsy-
hology are also included, such as mediumship or out-of-body experiences
hereinafter OBEs), which makes the classification of the 3 previous
ategories vary according to the criterion applied by professional re-
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earchers (e.g., Beischel and Zingrone, 2015 ). From psychiatry and clin-
cal psychology, these behaviors are justified as hallucinatory symptoms
e.g., Kelly et al., 2020 ), perceptual alterations or bias (e.g., Wright et al.,
020 ) and as belief systems that allow the attribution of “paranormal ”
eanings to the daily experiences that each subject experiences (e.g.,

rwin, 2009 , 2003 ; Irwin et al., 2013 ; Jinks, 2019 ). For this reason, in
lace of informal terminology, the use of the expression “anomalous
henomena ” or “anomalous behavior ” is accepted. On the one hand,
hey are behaviors whose clinical or psychopathological value is unclear
e.g., David, 2010 ; Nordgaard et al., 2019 ) and, on the other hand, they
lso assume the hypothesis that some unknown psychological mecha-
ism intervenes in the development of these behaviors (e.g., Utts, 2018 ).
his hypothesis is called the ‘psi’ hypothesis and differs from the para-
ormal model in that it does not assume the existence of supernatural
orces or realities (e.g., Mayer, 2017 ). However, many researchers con-
used this hypothesis and understood it as one more expression of beliefs
n the paranormal (see Carter, 2012 ). 

In any case, anomalous phenomena are observable behaviors in psy-
hiatric and psychological evaluations (e.g., Parker, 2006 ; Shapiro et al.,
019 ). Because of this, psychology and psychiatry play a role in how to
ovember 2020 
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valuate, quantify and identify the criteria that should be used to scien-
ifically explain this type of behavioral anomaly (e.g., Lawrence, 2016 ).
here is sufficient evidence that discredits or questions the scientific va-

idity of ‘psi’ phenomena (see O’Keeffe and Wiseman, 2005 ; Reber and
lcock, 2019 ; Wagenmakers et al., 2011 ). However, this type of phe-
omenon is not incompatible with the scientific method, and numerous
tudies present significant results in favor of the ‘psi’ hypothesis (e.g.,
eischel et al., 2015 ; Bem, 2011 ; Bem et al., 2016 ; Honorton, 1985 ;
elly and Arcangel, 2011 ; Maher, 1999 , 2000 , 2015 ; Maher and
ansen, 1992 , 1995 ; Mossbridge et al., 2012 ; Robertson and Roy, 2001 ,
004 ; Roy and Robertson, 2001 ; Schwartz and Russek, 2001 ). Thus, it
s no longer a debate exclusive to the “philosophy of science. ” The fact
hat there is scientific research with results that support the validity
f the ‘psi’ hypothesis makes the scientific discussion of these objects of
tudy also methodological (e.g., Jinks, 2019 ). According to Tressoldi and
tts (2015) , this has three main implications: (1) the systems used in sci-
ntific research to measure and quantify the ‘psi’ phenomena must be
xamined; (2) the methodological designs and statistical analyses used
hould be reviewed; and (3), the procedures and results of the investi-
ations should be replicated. Therefore, all this requires the application
f the scientific method in the evaluation and examination of anoma-
ous phenomena. It should be noted that the method used can be ap-
lied at different levels and ways (e.g., Bunge, 2013 ; Wright and Hal-
quist, 2020 ). One of these ways or levels is the psychometric approach,
specially using self-reporting techniques (e.g., Abad et al., 2015 ). 

One of the problems is how to evaluate the behavior of an individ-
al in an objective and scientific manner (e.g., Groth-Marnat, 2009 ).
lthough the method of direct and systematic observation is applica-
le in clinical psychology, the technique most commonly used in eval-
ation is indirect observation through structured self-reporting tests
e.g., Miller and Lovler, 2020 ). These self-reporting tests have several
lassifications (see Weiner and Greene, 2017 ), but the two most com-
only used are structured interviews and self-report questionnaires . The

elf-report questionnaires allow the psychometric profile to be traced
ith the scores associated with the psychological variables that could

xplain a certain type of behavior/discomfort (e.g., Kline, 2013 ). There
re multiple questionnaires or psychometric instruments that serve to
uantitatively measure anomalous phenomena (e.g., Bell et al., 2006 ;
ason and Claridge, 2006 ; Stefanis et al., 2002 ). 

In the context of anomalous experiences, self-report questionnaires
ave been used for three main purposes: (1) as measures to quantify
allucinatory behaviors and to try to discriminate the most intense
pathological) symptomatology from the most attenuated symptomatol-
gy (not pathological) (e.g., Johns and van Os, 2001 ; Shapiro et al.,
019 ; van Os et al., 2009 ). This idea is based on the psychosis continuum
odel and is not only applied with hallucinatory symptoms but also

ncludes other traits attributed to psychotic symptoms, which are sum-
arized in the so-called negative symptoms (see Fekih-Romdhane et al.,
020 ). The purpose of evaluating hallucinations refers to identifying the
sychotic phenotype that would allow estimating and preventing future
sychotic crises (e.g., Oliver et al., 2019 ). (2) They have also been used
o quantify perceptual distortions or alterations and cognitive biases

e.g., Barberia et al., 2013 ; Barberia et al., 2018 ; Groome et al., 2019 ;
hun et al., 2016 ). This use comes from the semiotic model of perception
nd from cognitive psychology, which determine a very clear differ-
nce with respect to hallucinations: in perceptual distortions, a provoca-
ive sensory object exists, but it is perceived in an altered way (e.g.,
elloch et al., 1995 ). In contrast, the hallucination develops without
rovocative sensory stimuli, and it is the patient who infers new unreal
erceived content (e.g., Upthegrove et al., 2015 ). The objective of these
uestionnaires is related to basic science applied to the psychology of
erception and the exploration of illusory symptoms (which are not hal-
ucinations) present in both psychotic symptoms (e.g., Chapman et al.,
978 ) as in other non-psychotic clinical conditions, such as eating dis-
rders (e.g., Sirvent et al., 2019 ). (3) Another use is found in the mea-

urement of belief systems and mental representations associated
ith the paranormal (e.g., Font, 2016 ; Heotis, 2019 ; Irwin, 1993 , 2000 ,
003 , 2009 ; Jaspers, 1993 ). This is based on the phenomenological model
nd on the part of cognitive psychology that studies mental processes
elated to consciousness (e.g., French and Stone, 2014 ). This model pos-
ulates that certain scientifically impossible phenomena —for example,
earing the thoughts of another person (which would be an experience of
ind-to-mind interaction) —are not explained by hallucinatory or per-

eptual errors (e.g., Irwin, 2009 ). According to Irwin et al. (2013) this
ype of experience is a subjective cognitive attribution that generates a
agical interpretation of an ordinary and extraordinary situation. The

oncept of “extraordinary ” describes uncommon but scientifically pos-
ible situations. An example is the phenomena of random coincidences
e.g., having the feeling that something bad has happened to someone and
hat later is true ). It is possible that the presentiment is explained both
y the hypothetical-deductive rational processes developed by the sub-
ect, as well as by processes of a more emotional or intuitive nature
e.g., Jinks, 2019 ; Parkinson, 2019 ). In any case, it is the individual who
entally represents this phenomenon under an attribution that can be

nclusive within the framework of science or exclusive to the scientific
orld (which in this case would be the “paranormal ” attribution) (e.g.,
rinkwater et al., 2017 ). The importance of this model lies in the type
f representation that the subject produces and not in whether the phe-
omenon occurred as described by the patient (e.g., Cameron, 2016 ;
ont, 2016 ). 

For the ‘psi’ phenomena, the following detail should be clarified:
one of the three previous points accepts the ontological and scientific
alidity of ‘psi’ phenomena (e.g., Reber and Alcock, 2019 ). In reality,
n the psychological evaluation, it is not necessary to check whether
he anomalous phenomenon described by the patient has a direct em-
irical reference, but its irrational and divergent content with scientific
iscourse should not necessarily verify its hallucinatory condition (e.g.,
obrow, 2003 ). This is a clear example of the Aristotelian fallacy of verify-

ng a consequence from an uncertain cause (e.g., Pardo and Román, 2013 ).
ssuming that it is a “perceptual alteration ” (consequence) because “the
iscourse seems incompatible with the rational principles of science ”
antecedent) is equivalent to the following fallacious statement: “the
round is wet (consequence) because it has rained (antecedent) ”. The
ntecedent is uncertain because the ground may have gotten wet in
any other ways. Confirmation that it had rained would also not ex-

lude other possibilities; for example, someone might have previously
een washing with water. The same happens with the ‘psi’ phenomena
valuated in psychiatric practice: it can be accepted that there are “per-
eptual alterations ” (consequence), but not because their content is “sci-
ntifically impossible ” (antecedent). Other possible hypothetical prece-
ents may exist within the scientific framework, such as that the pa-
ient simulates or undertakes fraud (e.g., Leonard and Williams, 2019 ).
nother possibility would be cognitive biases such as the Barnum ef-

ect (e.g., Shermer, 2011 ) or the systems of meaning themselves (see
rwin, 2009 ). 

All this indicates that when faced with an anomalous experience, es-
ecially a supposed ‘psi’ phenomenon, the causes should not be judged
rom the “diagnostic impression ” (e.g., Parker, 2006 ). Even in a clini-
al examination, the hypothetical causal antecedents must be scientifi-
ally contrasted using the tools provided for this purpose (e.g., Groth-
arnat, 2009 ). It is at this point that several problems arise. 

First, in the scientific literature, there are no psychometric tools
hat assess anomalous phenomena, including the three applications de-
cribed in the previous paragraphs (e.g., Houran et al., 2019 ). Psycho-
etric scales can be found that separately and independently examine

nomalous phenomena such as hallucinations, distortions or perceptual
llusions and belief systems (e.g., Wahbeh et al., 2019 ). The main draw-
ack is that they are analyzed as if they were independent psychiatric
r psychological models, when in reality they are correlated with each
ther (e.g., French and Stone, 2014 ). Second, although these specific
cales present satisfactory statistical validation, none of them explore
ther possible psychological antecedent variables that can correlate with
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he anomalous experiences experienced. Knowing and analyzing these
oncomitant variables is something that could also contribute to psy-
hological intervention, since they would give clues to the health pro-
essional about what dimensions should be modified to achieve a ther-
peutic change (e.g., Harary, 2006 ). Third, while it is true that clinical
uestionnaires are available to examine standardized psychiatric traits
nd symptoms (e.g., Butcher et al., 2019 ), it is also true that the items
rom these instruments were originally designed and validated with a
edical-pathological population (e.g., Morey, 2011 ). This is another
rawback because although the items and their scores are measured
ith non-clinical control groups, their content will remain patholog-

cal because it will not vary qualitatively (e.g., Butcher et al., 1995 ;
ernández-Ballesteros, 2011 ). This impairs the professional evaluation
f anomalous phenomena in the general population because according
o this logic, the experiences would be assumed to be exclusively patho-
ogical hallucinations (e.g., Parker, 2006 ). As Pasricha (2011) warns,
lassic clinical inventories are tools that in this study object provide
iased information that does not help professional researchers make ef-
ective decisions. New tools are needed to explore the main hypothetical
ata and help the researcher or health professional make more accurate
nd objective clinical decisions (e.g., Waugh et al., 2017 ; Wright and
allquist, 2020 ). 

This report examines the confirmatory validity and reliability indices
f the Multivariable Multiaxial Suggestibility Inventory-2 (MMSI-2). Specif-
cally, the factorial invariance of the MMSI-2 is analyzed in a group of
ubjects who believe in the paranormal and another group formed by
on-believers. The purpose is to know if the believing subjects tend to
core higher in the MMSI-2 than the non-believers, and should that be
he case, if the reasons for these higher scores are related to the act of be-
ieving in the paranormal or to the MMSI-2. The MMSI is a psychometric
nstrument that quantifies anomalous phenomena by integrating them
nd relating them with 12 other psychological variables: Inconsistencies
K), Lies (L), Fraud (F), Simulation (Si), Neurasthenia (Nt), Substance Use
Cs), Suggestibility (Su), Thrill-Seeking (Be), Histrionism (Hi), Schizotypy
Ez), Paranoia (Pa) and Narcissism (Na). The test groups the anomalous
henomena into four dimensions: Anomalous Visual/Auditory Phenomena
Pva), Anomalous Tactile Phenomena (Pt), Anomalous Olfactory Phenom-
na (Po) and Anomalous Cenesthetic Phenomena (Pc). The objective of this
eport lies in contrasting the theoretical structure of MMSI-2, which is
ased on exploratory factor analysis (EFA) applied previously by Escolà-
ascón (2020) in a sample of more than 3,000 subjects. According to the

esults of the first validation phase, the 16 dimensions were distributed
nto 4 latent variables: Clinical Personality Tendencies (CPT), Anomalous
erceived Phenomena (APP), Incoherent Manipulations (IMA) and Altered
tates of Consciousness (ASC). Therefore, we intend to analyze the statis-
ical relationship between the 4 latent variables and whether the CPT,
MA and ASC factors are correlated with perceptual alterations (APP). 

. Methods 

.1. Participants 

The subjects who were part of this study came from the Spanish gen-
ral population, specifically from Madrid (50%) and Barcelona (50%)
N total = 804). The participants signed an informed consent form, volun-
arily collaborated with the study without receiving any financial com-
ensation and reported no psychiatric history. The latter was the main
nclusion criterion, since if the participants had a psychopathological
istory, the probability of suffering from a mental disorder would be
igher and, therefore, also the probability of belonging to a medical
opulation group. The sampling was not probabilistic. 

The 804 subjects were classified according to two groups: (1) believ-
rs in the existence of the paranormal (N = 402) and (2) nonbelievers in the
xistence of the paranormal (N = 402). This classification was made from
elf-reported data that participants declared about their belief system.
ach participant was asked the following question: Do you believe that
aranormal phenomena exist? The subjects who answered ‘yes’ were part
f the ‘believing group’ and those who answered ‘no’ formed the ‘non-
elievers’. In each group, the number of subjects associated with the
ariables sex (men and women), educational level (classified according
o the National Statistics Institute of Spain ) and city of residence (Madrid
r Barcelona) were equal to 50% except for 33.3% in the case of ‘edu-
ational level’. This descriptive information is specified in Table 1 . 

For the analysis of the age variable, the means (M) and the standard
eviations (SD) were calculated for each specific group of subjects. Again,
able 1 summarizes the information of these statistics. The age of the
articipants did not show significant differences in their means between
he group of believers and non-believers. This ensured that the means
ssociated with age were similar in each sample and that they their
ispersion was homogeneous. 

.2. Procedure 

This study is based on multivariate and ex post facto research de-
igns, mainly using structural equation models and statistical analysis of
nvariance . The preparation of the research, data collection, statistical
nalysis and the report presented here are part of a university project
hat aims to measure statistics and psychological prediction of anoma-
ous phenomena. This project began in 2013 and triggered the develop-
ent of the Multivariable Multiaxial Suggestibility Inventory-2 or MMSI-2,
 new psychometric test that evaluates anomalous phenomena and the
ain psychological indicators that could justify them scientifically (see
scolà-Gascón and Gallifa, 2020 ). The construction of the MMSI-2 and
art of its statistical justification are described in Escolà-Gascón (2020) .
his fact is relevant because it supports the beginnings of the research
resented here. 

To summarize, the wording of all the items of the MMSI was based on
he scientific literature that related abnormal experiences with certain
sychological attributes (e.g., Irwin, 2009 ). No initial or previous theo-
etical model was used. Decisions about which items should be written
nd what possible scales could be developed in the MMSI were deter-
ined by the empirical evidence published in the current scientific lit-

rature. The main psychological variables significantly correlated with
nomalous phenomena were identified, and the MMSI items were writ-
en based on their characteristics or properties. Once the first inventory
f items was developed (called the MMSI), each item was reviewed and
nalyzed using a content validity process. Of the 223 initial items, 49
ere eliminated. The remaining 174 items were applied to a large sam-
le of subjects belonging to the Spanish general population (N = 3,224).
y not having a prior theoretical model, it was decided to contrast its
mpirical value and internal structure by applying various exploratory
actor analyses (EFAs). The factorial solutions determined which groups
f items would form the scales of the test. Then, using the direct scores
f these scales, an initial scale and standardization of the MMSI with
ifferentiated normative groups according to the variable ‘sex’ was per-
ormed. These first analyses concluded with the MMSI-2 version. The
resent research is based on these analyses and examines the construct
alidity of the MMSI-2 according to the empirical-statistical scales con-
tructed from the initial EFAs (see Escolà-Gascón, 2020 ). Fig. 1 shows
 diagram that summarizes the dimensions of the MMSI-2, its macro-
actors and scales. 

The hypothetical model aims to correlate the anomalous phenomena
rouped in the latent variable APP with the other variables. Fig. 1 only
epresents the hypothesis of the model to contrast based on the initial
FAs. 

After defining the structural model and the measurement model, in
uly 2018, the methodological preparation of the sampling and appli-
ation materials began, and the collaborating professionals who would
e responsible for the collection of the sample were contacted (see the
cknowledgments section). At this point, the informed consents were
lso drafted, it was ensured that the recorded data of the participants
as anonymous and the survey was designed to identify the previous so-
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Table 1 

Subject recounts and sample settings. 

Groups Initial sample (N = 946) Removal process (Removed = 142) Final sample (N = 804) 

Sex 

M Believers 217 16 201 

Non-believers 266 65 201 

W Believers 217 16 201 

Non-believers 246 45 201 

Education level 

A Believers 144 (M = 50; W = 94) 10 (M = 4; W = 6) 134 (M = 46; W = 88) 

Non-believers 163 (M = 58; W = 105) 29 (M = 23; W = 6) 134 (M = 35; W = 99) 

B Believers 138 (M = 67; W = 71) 4 (M = 4; W = 0) 134 (M = 63; W = 71) 

Non-believers 175 (M = 66; W = 109) 41 (M = 23; W = 18) 134 (M = 43; W = 91) 

C Believers 152 (M = 100; W = 52) 18 (M = 8; W = 10) 134 (M = 92; W = 42) 

Non-believers 174 (M = 142; W = 32) 40 (M = 19; W = 21) 134 (M = 123; W = 11) 

Spanish Cities 

BCN Believers 219 (M = 148; W = 71) 18 (M = 11; W = 7) 201 (M = 137; W = 64) 

Non-believers 262 (M = 185; W = 77) 61 (M = 34; W = 27) 201 (M = 151; W = 50) 

Mad. Believers 215 (M = 69; W = 146) 14 (M = 5; W = 9) 201 (M = 64; W = 137) 

Non-believers 250 (M = 81; W = 169) 49 (M = 31; W = 18) 201 (M = 50; W = 151) 

Age Believers Mean = 27.72; SD = 12.454 t test = -0.076; df = 802; p = 0.939 

U test = 79,079.5; p = 0.599 

Z test = -0.526; p = 0.599 

Non-believers Mean = 27.65; SD = 12.482 

Note: A = Compulsory secondary education or basic vocational training; B = Baccalaureate or higher vocational training; C = university or higher education; M = Men; W = 
Women; BCN = Barcelona; Mad. = Madrid; df = Degrees of freedom; SD = Standard Deviation. 

Fig. 1. Hypothetical model of the internal 
structure of the MMSI-2 using structural 
equations. 
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iodemographic data. The direct scores obtained for each MMSI-2 scale
ere recorded in the data matrix. Although in the exploratory valida-

ion of the MMSI, psychometric scores were already made based on the T
cores, the purpose of this research was statistical and was not intended
o question or define individual interpretation criteria that require the
tudy of the metric quality of the scales. Therefore, we chose to work
tatistically with the direct scores instead of using the T scores, which
ere still recently obtained and lacked subsequent statistical replica-
ions. In the same vein and following the example of Arribas (2011) ,
he responses of the 174 items of the MMSI-2 were not recorded be-
ause each professional was provided with a system of correction tem-
lates that automatically allowed obtaining the direct scores for each
actor. This was done to facilitate sample collection and computation of
he data. 

In September 2018, formal data collection began. Between January
nd March 2019, data entry began, and an initial sample sufficiently
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arge (N = 359) was collected to carry out a prior statistical check. Statis-
ical normality tests were performed, the heterogeneity of the data was
nalyzed, and the correlation matrix was examined. These first analyses
upported the idea of applying a CFA and continuing with expanding
he sample. It was at this point when it was decided to continue collect-
ng data to apply CFAs in different types of samples. This converted the
esearch design into a multiple-group model . This design offers the pos-
ibility of performing a statistical analysis of configural invariance, weak
actorial invariance (metric), strong factorial invariance (scalar) and strict
actorial invariance (residual) (see Brown, 2015 ). 

In December 2019, the data collection phase ended. In total, 946
ubjects participated (42% men and 58% women). During that month,
he statistical control technique of equalizing proportions over recorded
ociodemographic variables was applied (see Fleiss et al., 2003 ). This
nformation is summarized in Table 1 . First, the number of subjects was
atched according to the variable beliefs in the existence of the para-

ormal . Two groups were established, one consisting of subjects who
laimed to be believers in the existence of the paranormal (N = 476)
believing subjects) and another with individuals who did not believe
n the paranormal (N = 476) (unbelieving subjects). Second, the number
f subjects was also balanced according to the variables sex (men and
omen); educational level (compulsory secondary education or modules
f basic professional training, baccalaureate studies or higher profes-
ional training and university or higher education); and place of resi-
ence (Barcelona or Madrid). Taking into account the objective of the
equalizing technique’, a total of 142 subjects were eliminated using 4
teps: (1) First, counts for each subgroup were performed. (2) The deci-
ion of how many subjects should be excluded to match the counts was
etermined by the minimum observed frequency of subjects in the sub-
roups classified in Table 1 . The smallest observed frequency was that
elonging to the variable ‘educational level’ for category B and for the
elievers sub-group, which had a recount of 138 subjects. (3) The third
tep was related to outliers . At this point, it was observed that there were
 subjects with atypical direct scores on the scales of the L (Lies), Pva
Anomalous Visual/Auditory Phenomena) and K (Inconsistencies) tests.
hese scores were below the minimum value that can be obtained in
he respective scales. Therefore, these 4 subjects were eliminated from
elievers sub-group B, reducing its number to 134. As it was the small-
st frequency within the variable ‘educational level’, the value 134 was
he corrected minimum value ( 𝑀𝑉 ) that all subjects should have dis-
ributed in that variable, since: 

 𝑉 𝑥 = 

(
𝑀 𝑂 𝑖𝑗 − 𝐴 𝑉 𝑖𝑗 

)

 𝑉 𝐸𝐿 = 

(
𝑀 𝑂 𝐵𝐵 − 𝐴 𝑉 𝐵𝐵 

)

 ( 138 − 4 ) = 134 ⋅ 6 = 804 

here 
𝑀 𝑉 𝑥 is the corrected minimum value of the counts of the x variable

educational level’ or EL ; 
𝑀 𝑂 𝑖𝑗 is the minimum observed frequency in the i group and in the j

ubgroup of the selected variable, which in this case is educational level
 and the subgroup is that of believers (now also B ); and 
𝐴 𝑉 𝑖𝑗 is the number of cases with outliers observed in the i group and

n the j subgroup of the selected variable, which in this case is educa-
ional level B and subgroup B. 

The matching of these 6 subgroups to 134 subjects yields a total
umber of 804 subjects, which was also used to balance the groups of
he other sociodemographic variables in parallel. (4) At this time, the
ourth filter was applied simultaneously. Knowing that in the variables
sex’ and ‘city of origin’ the distinction was made between believing and
on-believing subjects, in total, there should be 4 sub-groups in each
f the two previous variables (see Table 1 ). If the final sample had 804
ubjects in total, each of these 4 groups had 201 subjects. Thus: 

 𝑖𝑗 − 𝑂 

′
𝑖𝑗 
= 𝑂 1 𝐵 − 𝑂 

′
1 𝐵 = 219 − 201 = 18 
 1 𝑁𝐵 − 𝑂 

′
1 𝑁𝐵 = 262 − 201 = 61 

 2 𝐵 − 𝑂 

′
2 𝐵 = 215 − 201 = 14 

 2 𝑁𝐵 − 𝑂 

′
2 𝑁𝐵 = 250 − 201 = 49 

here 

𝑂 1 𝐵 is the observed frequency belonging to BCN (1) and the subgroup
of believers (B) 

𝑂 1 𝑁𝐵 is the observed frequency belonging to BCN (1) and the sub-
group of non-believers (NB). 

𝑂 2 𝐵 is the observed frequency belonging to Madrid (2) and sub-group
B. 

𝑂 2 𝑁𝐵 is the observed frequency belonging to Madrid (2) and sub-
group NB. 

𝑂 

′
𝑖𝑗 

are the relative frequencies of the assigned number of subjects
(201). 

(5) Finally, for each of the previous results (also applied to the vari-
ble ‘educational level’), random quantities of men and women were
liminated. In total, 81 women and 61 men were eliminated. It was not
ossible to match the variable sex in the eliminations because the origi-
al counts did not allow it. It is important to highlight that eliminating
he men and women from the cases was done randomly to eliminate
he previously selected variables of city of residence and ‘educational
evel’. The selection of these cases was not completely random since the
resence of outliers (as indicated in step 3) was also taken into account.
hus, of the 18 subjects selected to be eliminated in the case of 𝑂 1 𝐵 , 2
f them contained outliers. The remaining 16 subjects were randomly
liminated. This logic was applied in the rest of the eliminations. In to-
al, the initial sample had 23 cases with outliers that were eliminated.
n the remaining cases (of the 119 remaining subjects), the elimination
f men and women was random. In any case, the final sample (N = 804)
id not have cases with atypical scores. The variable ‘age’ was analyzed
y comparison of means ( t-test ) and ranges ( Mann-Whitney U test ). 

After the statistical cleansing of the original data matrix, data anal-
sis and application of the structural equation models were developed,
nd the present research report was drafted. 

.3. Instruments 

We used the Multivariable Multiaxial Suggestibility Inventory-2 (MMSI-
), composed of 174 polytomous items distributed in the following
cales: Inconsistencies (K), Lies (L), Fraud (F), Simulation (Si), Neurasthe-
ia (Nt), Substance Use (Cs), Suggestibility (Su), Thrill-Seeking (Be), Histri-
nism (Hi), Schizotypy (Ez), Paranoia (Pa), Narcissism (Na), Anomalous
isual/Auditory Phenomena (Pva), Anomalous Tactile Phenomena (Pt),
nomalous Olfactory Phenomena (Po) and Anomalous Cenesthetic Phenom-
na (Pc). It also has scales elaborated empirically from different second-
rder factor analyses: Clinical Personality Tendencies (CPT), Anomalous
erceived Phenomena (APP), Incoherent Manipulations (IMA) and Altered
tates of Consciousness (ASC). 

The participant must indicate up to what point he/she considers the
ontents of each item to be true using a 5-point Likert scale, which ranges
etween 1 (which means completely disagree ) and 5 (which means com-
letely agree ). All questions must be answered. If the subject leaves items
nanswered, this could lead to outliers in the dimension scores of the
est (below the minimum direct score of each scale). If this occurs and
annot be resolved, the outliers should be invalidated or the entire pro-
le should be excluded. In the Spanish version, the direct scores of each
cale can be transformed to standardized scores (or T scores), which
acilitate the individual analysis of scores and the preparation of psy-
hological profiles. 
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The results of the test can be interpreted gradually; as the scores in
ach dimension increase, the greater the probability that the subject will
resent the respective attribute measured. 

.4. Data analysis 

In relation to construct validity, structural equation models were used
o contrast and analyze the theoretical structure of the MMSI-2 obtained
mpirically by statistical methods based on EFAs. More specifically, fol-
owing the statistical recommendations of Brown (2015) , the confirma-
ory factor analysis (CFA) technique was applied, and it was decided to
evelop a cross-validation psychometric design with the two samples of
articipants (group of believers and non-believers). We wanted to test
hether the structural model of MMSI had acceptable and equivalent

onstruct validity in both groups. When the variables are correctly mea-
ured and represented in the items of the inventory, the equality con-
traints imposed by the model ( configural invariance) , the factor loadings
 weak factorial (metric) invariance ), the item intercepts ( strong factorial
scalar) invariance ) and residual variations ( strict factorial (residual) in-
ariance ) should not impair the goodness of fit of the non-constrained
odel. According to Byrne (2014) , one should test whether the changes

hat these constraints cause in the fit indices of the unconstrained model
re significant. It is essential that the variations in the fit indices are not
ignificant because in the contrary case, it would indicate the possibil-
ty that the contrasted models in each group would be different. This
ould imply questioning whether in both groups the same construct
ould actually be measured and, therefore, would also entail ques-

ioning the construct validity of the questionnaire. For the application
f the multiple-group analysis based on ‘strong factorial (scalar) invari-
nce’ and ‘strict factorial (residual) invariance’, the following steps were
eveloped, specified by Brown (2015) : (1) The hypothetical model of
ig. 1 was applied to each group separately using the CFA technique.
he purpose was to ensure that the model in Fig. 1 fit satisfactorily in
oth groups. (2) Once the fit indices for each group of subjects were ac-
epted, a CFA was again applied to the complete set including the two
roups with and without invariance constraints. (3) Upon observing a
inimal variation in the fit indices, we decided to contrast the null hy-
othesis of statistical significance. For this, the Chi Square statistic was
sed. Given that this statistic is highly sensitive to sample size, the crite-
ion developed by Vandenberg and Lance (2000) was used, based on the
utoff point 0.01 in the comparative indices, specifically the comparative
t index (CFI). If the application of a determined invariance constraint
aused this index to vary in an amount equal to or greater than 0.01,
hen the null hypothesis of equality would be rejected, and the result
ould suggest that the structural model is not the same in the groups.
he equality between the empirical covariance matrices of the two groups
as not analyzed because this statistical contrast can yield errors and

esults that would contradict the subsequent invariance analysis (e.g.,
yrne, 2014 ; Byrne et al., 1989 ; Jaccard and Wan, 1996 ). As a prelim-

nary exploration, it is worth noting that prior to the CFAs, EFAs were
pplied to ensure whether it was recommendable to proceed with the
ubsequent structural equations. All CFAs were based on the maximum
ikelihood method, and EFAs were calculated using the unweighted least
quares method. Likewise, these analyses were carried out with the sta-
istical program SPSS.25 and its extension AMOS , specializing in struc-
ural equation models. 

Reliability was analyzed based on the Cronbach’s alpha coefficient ( 𝛼),
aking into account that the MMSI scales are quantitative interval vari-
bles. This statistic examines the internal consistency of the scores from
he variance-covariance matrix between the scales of the test. However,
he Cronbach’s alpha becomes unstable when the matrix dimension is
 ×2 and penalizes the consistency when the values of the variables are
xcessively heterogeneous (see Abad et al., 2015 ). As an alternative and
omplementary analysis, the calculation of Omega’s reliability coefficient
 𝜔 ) was applied. Although there are numerous estimates, all of them are
ased on the model factor loadings and on the communality of the items
see Trizano-Hermosilla and Alvarado, 2016 ). Mathematical expression
1) was chosen in this study, which is based on the contributions of
cDonald (1999) : 

 𝑡 = 

(∑
𝜆𝑗 
)2 

[(∑
𝜆𝑗 
)2 + 

∑(
1 − 𝜆2 

𝑗 

)] = 

(∑
𝜆𝑗 
)2 

[(∑
𝜆𝑗 
)2 + 

(∑
𝜓 
)] (1)

here 𝜆𝑗 is the factor loading of item j , 

𝜆2 
𝑗 

is the communality of item j , and 
𝜓 is the unique variance. 

This equation is incorporated into the statistical program JAMOVI
see The Jamovi Project, 2019 ), which is open access and was the one
sed for this calculation. All reliability coefficients were calculated for
ach group (believers and non-believers) and for the total sample. 

. Results 

.1. Initial exploratory factor analysis 

Before the application of the respective CFAs, a descriptive and fac-
orial exploratory examination of the working groups included in this
esearch proceeded. The first point to know was whether the two groups
believers and non-believers) had similar scores and trends in the first-
rder scales of the MMSI. To do this, various (parametric and non-
arametric) statistical hypothesis tests were calculated. All of them are
pecified in Tables 2 and 3 . The effect size of each contrast was also
xamined by the Cohen’s d (see Cohen, 1988 ). Significant results were
btained in the 16 scales/dimensions that suggested rejecting the null
ypothesis of equality of means. Believers tended to systematically score
igher than non-believers in the existence of the paranormal. The scales
hat obtained the largest effect sizes were dimensions L, Nt, Hi, Ez, Na
nd Pva. The Be scale yielded the smallest effects. Measures of central
endency and dispersion support these results. One unusual result can be
bserved in the Mann-Whitney U test of the L scale, whose critical value
ends to infinity and therefore is truncated to 0. This also indicates that
he difference between the means (more specifically between interquar-
ile ranges) exceeds the standard deviation of the group of non-believers
ix-fold. 

The EFA applied in each of the groups shows a similar factorial so-
ution between the two types of samples. Unlike CFAs, in EFAs, it is
dvisable to apply the unweighted least squares extraction method, since
t is the most conservative and allows the previous calculation of the
communalities’ necessary to deduct the subsequent factor loadings (e.g.,

ulaik, 2018 ). As seen in Table 4 , in each group, 4 latent factors were
xtracted with eigenvalues greater than 1. The EFA applied to the group
f believers explained 87.75% of the total variance. In contrast, the
roup of non-believers yielded a total explained variance of 81.91%.
n this same group, it seems that the K, L, F and Si scales also have a
igh saturation in the first factor (CPT). However, the loads of these
imensions remain highest in the third factor (IMA). These preliminary
esults favor the use of CFAs through structural equations and indicate
hat it is recommended to contrast the internal structure of the MMSI in
oth groups. 

.2. Multiple-group structural equation models 

For each group, the CFA technique was applied based on the struc-
ural model of Fig. 1 . Figs. 2 and 3 show the regression coefficients
nd standardized covariances between the respective variables of the
odel. As can be observed, the factorial coefficients are similar be-

ween both groups. Regarding the goodness of fit, both models pre-
ented indices with satisfactory values (see Table 5 ). According to
bad et al., (2015) and Kline (2013) the following adjustment indices

hresholds were used: root mean square error of approximation (RM-
EA, threshold = < 0.05); comparative fit index (CFI, threshold = > 0.95);
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Fig. 2. Weighted regressions and stan- 
dardized covariances between the vari- 
ables of the MMSI-2 theoretical model 
(group of believers). 

Fig. 3. Weighted regressions and stan- 
dardized covariances between the vari- 
ables of the MMSI-2 theoretical model 
(group of non-believers). 
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Table 2 

Descriptive statistics of MMSI-2 scales. 

Scales Believers Non-believers Complete sample t test Cohen’s d 

M SD M SD M SD U test 

Z test 

K 21.28 2.628 17.32 2.595 19.30 3.279 − 21.538 ( p < 0.001) 1.516 ∗ ∗ 

22,647 ( p < 0.001) 

− 17.736 

L 55 3.347 33.86 2.97 44.43 11.039 − 94.724 ( p < 0.001) 6.681 ∗ ∗ 

∞ ⇒ 0 (p < 0.001) 

− 24.573 

F 42.53 2.862 31.56 2.853 37.05 6.186 − 54.414 ( p < 0.001) 3.84 ∗ ∗ 

583 ( p < 0.001) 

− 24.413 

Si 20.02 3.416 13.06 3.374 16.54 4.863 − 29.074 ( p < 0.001) 2.05 ∗ ∗ 

12,205 ( p < 0.001) 

− 20.875 

Nt 35.24 3.495 24.25 3.463 29.75 6.503 − 44.77 ( p < 0.001) 3.158 ∗ ∗ 

2008 ( p < 0.001) 

− 23.957 

Cs 14.82 3.086 11.95 3.047 13.39 3.385 − 13.296 ( p < 0.001) 0.935 ∗ 

37,248.5 ( p < 0.001) 

− 13.294 

Su 23.26 3.174 14.26 3.167 5.504 5.504 − 40.227 ( p < 0.001) 2.838 ∗ ∗ 

3466 ( p < 0.001) 

− 23.519 

Be 12.56 3.046 11.5 3.013 12.03 3.074 − 4.959 ( p < 0.001) 0.35 ∗ 

65,422 ( p < 0.001) 

− 4.694 

Note: K = Inconsistencies; L = Lies; F = Fraud; Si = Simulation; Nt = Neurasthenia; Cs = Substance Use; Su = Suggestibility; Be = Thrill-Seeking; M = Mean; SD = Standard 
Deviation; ∗ ∗ = large effects; ∗ = medium effects. Cohen’s d was corrected using Hedge’s g. 

Table 3 

Descriptive statistics of MMSI-2 scales. (Continuation Table 2 ). 

Scales Believers Non-believers Complete sample t test Cohen’s d 

M SD M SD M SD U test 

Z test 

Hi 43.59 2.903 32.62 2.884 38.11 6.206 − 53.779 ( p < 0.001) 3.791 ∗ ∗ 

811.5 ( p < 0.001) 

− 24.339 

Ez 35.67 4.104 23.74 4.025 29.7 7.222 − 41.633 ( p < 0.001) 2.935 ∗∗ 

3279.5 ( p < 0.001) 

− 23.565 

Pa 28.35 3.203 19.37 3.165 23.86 5.504 − 39.962 ( p < 0.001) 2.82 ∗ ∗ 

4134 ( p < 0.001) 

− 23.328 

Na 34.36 3.415 24.4 3.371 29.38 6.027 − 41.62 ( p < 0.001) 2.935 ∗ ∗ 

3238.5 ( p < 0.001) 

− 23.591 

Pva 32.11 3.805 20.14 3.778 26.13 7.088 − 44.772 ( p < 0.001) 3.157 ∗ ∗ 

2040.5 ( p < 0.001) 

− 23.943 

Pt 25.49 4.007 16.5 3.997 20.99 6.019 − 31.848 ( p < 0.001) 2.246 ∗ ∗ 

9249.5 ( p < 0.001) 

− 21.757 

Po 24.07 3.921 16.14 3.845 20.11 5.547 − 28.925 ( p < 0.001) 2.042 ∗ ∗ 

12,327 ( p < 0.001) 

− 20.825 

Pc 20.03 3.903 16.08 3.86 18.06 4.354 − 14.428 ( p < 0.001) 1.017 ∗ ∗ 

38,352 ( p < 0.001) 

− 12.923 

Note: Hi = Histrionism; Ez = Schizotypy; Pa = Paranoia; Na = Narcissism; Pva = Anomalous Visual/Auditory Phenomena; Pt = Anomalous Tactile Phenomena; Po = Anomalous 
Olfactory Phenomena; Pc = Anomalous Synesthetic Phenomena; M = Mean; SD = Standard Deviation; ∗ ∗ = large effects. Cohen’s d was corrected using Hedge’s g . 
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ucker-Lewis coefficient (TLI, threshold = > 0.95); incremental fit in-
ex (IFI, threshold = > 0.95); Relative fit index (RFI, threshold = > 0.95);
ormed fit index (NFI, threshold = > 0.95); adjusted goodness of fit index

AGFI, threshold = > 0.9). It should be noted that the Chi square statis-
ic is highly sensitive to the sample size, and the probability of signif-
cance could be altered by simply manipulating the size of the groups
e.g., Brown, 2015 ). Therefore, by itself, Chi Square could not be inter-
reted. These results suggested that invariance analysis could be a good
ption. 

When fit indices were applied to the total set assuming the con-
traints of the different invariance models (see Table 5 ), their values
ere satisfactorily high, and the CFI had a variation lower than 0.01.
he chi-square statistic also showed non-significant variations ( Δp ∗ >
.05). Unlike the analyses of a single group, in nested designs, this statis-
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Table 4 

Exploratory factor analysis. 

Scales Believers (N = 402) Non-believers (N = 402) Ordinal alphas ∗ 

CPT APP IMA ASC CPT APP IMA ASC 

Ez 0.845 0.847 0.997 

Su 0.838 0.829 0.995 

Pa 0.838 0.829 0.991 

Na 0.832 0.831 0.997 

Be 0.803 0.820 0.865 

Hi 0.79 0.782 0.993 

Pt 0.897 0.895 0.988 

Pva 0.867 0.869 0.996 

Pc 0.864 0.878 0.994 

Po 0.795 0.813 0.996 

F 0.684 0.632 0.670 0.993 

Si 0.668 0.685 0.673 0.996 

K 0.635 0.624 0.624 0.973 

L 0.609 0.619 0.669 0.994 

Cs 0.933 0.947 0.878 

Nt 0.831 0.814 0.997 

% var. 38.37 21.088 15.346 10.552 39.525 21.47 16.012 10.904 - 

Note: K = Inconsistencies; L = Lies; F = Fraud; Si = Simulation; Nt = Neurasthenia; 
Cs = Substance Use; Su = Suggestibility; Be = Thrill-Seeking; Hi = Histrionism; 
Ez = Schizotypy; Pa = Paranoia; Na = Narcissism; Pva = Anomalous Visual/Auditory Phenomena; Pt = Anomalous Tactile Phenomena; Po = Anomalous Olfactory Phe- 
nomena; Pc = Anomalous Synesthetic Phenomena; CPT = Clinical Personality Tendencies; APP = Anomalous Perceived Phenomena; IMA = Incoherent Manipulations; 
ASC = Altered States of Consciousness; %var. = explained variance. 

∗ Ordinal alphas came from Escolà-Gascón (2020) report. 

Table 5 

Model fit indices of the MMSI-2 internal structure and multi-group analysis. 

Indices Initial models Multi-group models 

B NB Configural invariance 
Weak factorial 
invariance 

Strong factorial 
invariance 

Strict Factorial 
invariance 

𝜒2 211.937 236.912 448.849 450.25 450.408 575.966 

p < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

Δ𝜒2 - - - ↑ 1.401 ↑ 0.158 ↑ 125.558 

Δp ∗ ∗ - - - N.S. N.S. < 0.0001 

X 2 / df 2.141 2.393 2.267 2.144 2.047 2.451 

RMSEA 0.053 

(0.043- 

0.063) 

0.059 

(0.049- 

0.069) 

0.04 

(0.035- 

0.045) 

0.038 

(0.033- 

0.041) 

0.036 

(0.031- 

0.041) 

0.043 

(0.038- 

0.047) 

CFI 0.982 0.981 0.982 0.982 0.983 0.975 

ΔCFI - - - 0.000 ↑ 0.001 ↓0.008 

TLI 0.979 0.977 0.978 0.98 0.982 0.974 

IFI 0.983 0.981 0.982 0.982 0.983 0.975 

RFI 0.961 0.961 0.961 0.963 0.965 0.958 

NFI 0.968 0.968 0.968 0.968 0.968 0.958 

AGFI 0.914 0.903 0.908 0.913 0.917 0.905 

Note: B = Believers group; NB = Non-believers group; RMSEA = Root mean square error of approximation; CFI = Comparative fit index; TLI = Tucker-Lewis index; 
IFI = Incremental fit index; RFI = Relative fit index; NFI = Normed fit index; AGFI = Adjusted goodness of fit index; Δ𝜒2 = Increase in the Chi Square coefficient; 
Δp ∗ ∗ = Probability that the increase in Chi Square does not differ from the previous model; ΔCFI = Increase in the CFI index. 
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ic is also used to examine the probability that the progressive increase
n the Chi Square itself did not differ from the initial Chi Square values
i.e., those belonging to the unconstrained model). If the increments
resent probabilities lower than 0.05 (and consequently were signifi-
ant), then it would not be possible to assume factorial invariance. This
ould imply that the items and scales of the MMSI would not mea-

ure the same attribute in the two groups. Table 5 indicates that the in-
reases in Chi Square did not yield significant probability values under
he ‘strong factorial (scalar) invariance’ assumption. In contrast, prob-
bility did become significant under the ‘strict factorial (residual) in-
ariance’ assumption. Although the ideal would have been to accept
esidual invariance, this situation is the most common in this type of
sychometric model, and it is not necessary to assume the strictest in-
ariance model to accept the construct validity of the test analyzed (e.g.,
yrne, 2014 ; Little, 2013 ). Therefore, according to this idea, the theo-
etical model of the MMSI, the measurements and the content that eval-
ate its scales have the same meaning in both the group of believers and
he group of non-believers, offering satisfactory construct validity and a
ood fit. 

However, although the scales can have the same meaning, it does not
ean that the scores of both groups are the same. Tables 2 and 3 show

hat the means between both groups were different. These results and
he accepted invariance model allow us to examine whether the latent
eans (those belonging to the variables IMA, ASC, APP and CPT) are
qual or differ from “0 ”. This analysis can be done in several ways. The
ost accurate and appropriate for this type of design consists of fixing the
eans of the reference group at zero. The other means are estimated freely.

n this case, the reference group is that of non-believers. In reality, the
eans freely estimated in the group of believers are not the empirical
eans of the second-order factors of the MMSI. They are average values

hat reflect the number of units the scores of the group of believers vary
ith respect to the reference group. This is the main difference with
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Table 6 

Latent means, descriptive statistics and reliability coefficients. 

G LV Means estimates ( p ) S.E. OM SD Hypothesis Contrast Tests 𝜔 𝛼

Believers 

(N = 402) 

CPT 9.09 

p < 0.0001 

0.214 177.79 18.211 - 0.959 0.963 

IMA 7.932 

p < 0.0001 

0.193 138.84 11.133 - 0.931 0.925 

ASC 10.867 

p < 0.0001 

0.252 50.06 6.321 - 0.916 0.912 

APP 5.819 

p < 0.0001 

0.209 101.7 14.617 - 0.952 0.952 

Non-believers 

(N = 402) 

CPT 0 - 125.89 18.152 - 0.963 0.963 

IMA 0 - 95.8 11.118 - 0.957 0.955 

ASC 0 - 36.2 6.222 - 0.901 0.901 

APP 0 - 68.87 14.588 - 0.958 0.958 

Complete 

sample 

(N = 804) 

CPT - - 151.84 31.693 t test = -40.47 ∗ 

U test = 3552 ∗ 

Z test = -23.465 ∗ 

Cohen’s d = 2.854 ∗ ∗ 

0.97 0.965 

IMA - - 117.32 24.233 t test = -54.843 ∗ 

U test = 569 ∗ 

Z test = - 24.377 ∗ 

Cohen’s d = 3.868 ∗ ∗ 

0.963 0.892 

ASC - - 43.13 9.647 t test = -31.335 ∗ 

U test = 9361.5 ∗ 

Z test = -21.716 

Cohen’s d = 2.209 ∗ ∗ 

0.866 0.770 

APP - - 85.29 21.974 t test = -31.880 ∗ 

U test = 8915 ∗ 

Z test = -21.838 ∗ 

Cohen’s d = 2.248 ∗ ∗ 

0.966 0.957 

Note: G = groups; CPT = Clinical Personality Tendencies; APP = Anomalous Perceived Phenomena; IMA = Incoherent Manipulations ASC = Altered States of Consciousness 
(ASC); OM = observed means; SD = standard deviation; ∗ ∗ = large effects; 𝜔 = McDonald’s Omega; 𝛼= Cronbach’s Alpha. Cohen’s d was corrected using Hedge’s g . 
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Fig. 4. Simultaneous regression model. Regression weights are provided. 

e  

t
 

e  

t  

h  

(  

R  

 

v  

a  

I  

T

espect to comparison tests of groups based on the contrast of means or
anks (see Brown, 2015 ). Therefore, constraining the means associated
ith the latent variables of the non-believer group to “zero ”, the average
ispersion values shown in Table 6 were obtained. The p- value of this
able indicates the probability that the scores of the Believers group
re distributed according to the distribution given by the scores of the
eference group. All the mean estimates obtained significant probability
alues ( < 0.0001). 

According to the results in Table 6 , this means that the scores of the
elieving subjects are significantly higher than the scores of the group of
on-believers. This result was confirmed through statistical hypothesis
esting generated for the empirical means of each group. These data are
lso shown in Table 6 . 

.3. Simultaneous regression models between latent variables 

Figs. 2 and 3 show that the standardized covariances between the la-
ent variables of the model were low. It was asked if this situation could
hange using the total sample (N = 804) and using the simultaneous re-
ression models. This is justified by three main reasons: (1) in other stud-
es, the macro-factors of the MMSI were extracted from oblique factorial
olutions, allowing the possibility that the macro-factors were correlated
see Escolà-Gascón, 2020 ; Escolà-Gascón and Gallifa, 2020 ). (2) Taking
nto account the results of the factorial invariance, contrasting this pos-
ibility would also facilitate knowing if these belief systems modulate
he covariances between the macro-factors. (3) In addition, according
o Abad et al. (2015) , in the behavioral sciences, orthogonal solutions
re unusual, and it is most likely that there would be intercorrelations
etween the constructs. Therefore, to caution against possible intercor-
elations between macro-factors and following the recommendations of
rribas (2011) , it was decided to contrast the structural model through
imultaneous regressions, as shown in Fig. 4 . The 4 macro-factors de-
ned in the previous Figs. were chosen, and their predictive value was
xamined, especially on the APP variable. To determine the fixing of the
ffects, previous research that verified significant correlations between
he latent variables was also taken into account. 

As was suspected, when the two groups are merged, the lin-
ar correlations between the 4 factors increase significantly. Given
hat the regressions had been developed using the maximum likeli-
ood method, the following fit indices were calculated: 𝜒2 = 8.424
 p = 0.004); normed 𝜒2 = 8.424; CFI = 0.996; TLI = 0.979; IFI = 0.996;
FI = 0.976; NFI = 0.996; AGFI = 0.948; and RMSEA = 0.09 (0.04-0.16).

The IMA, CPT and ASC variables explained a total of 51.2% of the
ariance of APP. IMA explained 64.2% of the variance of CPT. Both IMA
nd CPT explained 50.9% of the ASC variance. This contrast shows that
MA, CPT and ASC predict the anomalous phenomena evaluated by APP.
able 7 shows the matrix of linear correlations between macro-factors. 
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Table 7 

Matrix correlations between latent variables. 

IMA CPT ASC APP 

IMA - 

CPT 0.823 ∗ - 

ASC 0.7 ∗ 0.677 ∗ - 

APP 0.706 ∗ 0.654 ∗ 0.574 ∗ - 

Note: CPT = Clinical Personality Tendencies; APP = Anomalous Perceived Phe- 
nomena; IMA = Incoherent Manipulations ASC = Altered States of Consciousness 
(ASC); ∗ p < 0.001. 
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These results suggest that the variable beliefs in existence in the
aranormal could have moderating effects on the relationship between
acro-factors. When this variable is isolated and recorded as a constant

establishing the two groups and imposing invariance constraints), the
acro-factors lose predictive power, and the solution tends to be or-

hogonal. 

.4. Reliability analysis 

Cronbach’s Alpha and McDonald’s Omega reliability coefficients also
hown in Table 6 . The values of these coefficients will be acceptable
rom 0.7 and excellent when they are greater than 0.9 (e.g., George and
allery, 2003 ; Trizano-Hermosilla and Alvarado, 2016 ). Both the omega

nd alpha indices were calculated for each of the groups (believers and
on-believers), as well as for the total set of the sample. All of them
ere acceptable and excellent in several cases, so it was not necessary

o eliminate any scale to optimize these indices. Likewise, the lowest
oefficients (especially that of the ASC dimension) can be associated
ith the small number of scales that are grouped. In general, the results
f these indices allow us to satisfactorily accept the reliability of internal
onsistency in MMSI-2 scores. 

. Discussion 

First, the validity and reliability of the MMSI-2 was tested using the
tatistical techniques of the structural equations, the analysis of the ‘fac-
orial invariance’ and the reliability coefficients applied. The three de-
igns showed results supporting the construct validity of the MMSI-2
nd the reliability associated with its scores. Second, the initial objective
f the study —based on the validation of a structural and measurement
odel with respect to anomalous phenomena —also had the purpose of

ontrasting the empirical relationship between the variables that, ac-
ording to the published background, correlated with the anomalous
henomena. In this case, through the simultaneous regression models,
t was possible to conclude that the 4 latent variables (CPT, ASC, APP
nd IMA) were positively correlated with each other when both groups
ere merged. Finally, the third objective was to examine the variabil-

ty or change in scores between the group of believers and the group
f non-believers. This was carried out through comparison of means
ests and the ‘latent means’ analysis of the factorial model. All results
upported the hypothesis that believers in the existence of the paranor-
al scored significantly and in most scales above those of non-believers.
ach of these findings in the results raises questions and new hypotheses
elated to the problems formulated in the theoretical framework. Two
uestions of interest for clinical psychology and applied psychology in
he forensic realm can be posed: (1) why do believing subjects score sys-
ematically higher than non-believing subjects? Moreover, are systems
f meaning truly responsible for these differences? (2) What informa-
ion or utility do the MMSI-2 scales —especially the CPT, ASC and IMA
acro-factors —have in the evaluation of those behaviors that are “ap-
arently ” without scientific explanation or that are extremely uncertain
nd divergent with the clinical discourse? 

One of the most important points was whether subjects who believe
n the paranormal interpret and conceive anomalous phenomena in the
ame way as non-believers. The phenomenological model originally pro-
osed by Jaspers (1993) and Irwin (2009) postulates that one can ob-
erve a change in ‘systems of meanings’ and ‘causal attributions’ between
elieving and non-believing subjects. According to this approach, believ-
ng subjects would be more vulnerable to experiencing anomalous phe-
omena because they possess cognitive systems capable of interpreting
ny situation under an attribution of paranormal cause (e.g., Irwin et al.,
013 ). This idea can be related to the results obtained in the comparison
f means test (see Table 2 ). In all the contrasts, the means of the believ-
ng subjects were higher than the means of the non-believing subjects,
specially in the scales grouped in APP. This convergence and compat-
bility with the postulates of Irwin et al. (2013) is also reflected in the
nalyses of ‘latent means’. However, there is the question of whether
hese differences in the systems of meanings are truly responsible for
ne group to score higher than the other. These differences cannot be
egated qualitatively since the contents and categories of each system
f meanings are different in each group. However, it can be questioned
here they come from. It would seem logical to expect the rejection of

he ‘strong factorial invariance’ assumption if one starts from the ba-
is that believers interpret anomalous phenomena differently than non-
elievers. However, the applied structural equation models present fit
ndices with satisfactory results and non-significant variations when im-
osing invariance constraints. The statistical interpretation derived from
hese results supports the possibility that, in effect, both groups under-
tand and the contents of each scale in the same way. This calls into ques-
ion the reasons why believing subjects systematically score higher than
thers. The qualitative and categorical differences between the cogni-
ive systems of believers and non-believers are present and obvious (see
rench and Stone, 2014 ). However, these results indicate that these dif-
erences do not cause the scores to be higher in the group of believers.
ven imposing these invariance constraints, the ‘latent means’ of the be-
ievers deviate between 5 and almost 11 units with respect to those of
he group of non-believers. 

This does not contradict the hypothesis of Irwin (2009) , but it does
arn that other psychological mechanisms could intervene and generate

hese differences. Taking into account the studies published by several
rofessionals, it is possible that the variables responsible for these dif-
erences are related not only to beliefs but also to cognitive or causal
earning mechanisms (e.g., Barberia et al., 2013 ; Barberia et al., 2018 ;
roome et al., 2019 ). 

Regarding the psychological value provided by macro-factors in the
sychometric evaluation of anomalous phenomena, two types of inter-
retations can be identified: on the one hand, the results observed in
igs. 2 and 3 and in the analysis of factorial invariance can be used. On
he other hand, the simultaneous equations models that relate and al-
ow predicting the APP variable with a total weight of 51.2% can also be
sed. While the first possibility offers an ‘orthogonal’ interpretation, the
econd is based on the relationship and prediction among the 4 factors,
o it offers a more ‘oblique’ view. The CFAs applied to the two groups
uggest that APP, ASC, IMA and CPT are not significantly related to
ach other. They present low correlations (the most relevant ones fluc-
uate between 0.1 and 0.3) and do not allow estimating the coefficient
f determination (R 

2 ). This does not preclude the interpretation of the
nomalous phenomena evaluated by the MMSI, but it does make it dif-
cult because it would not be possible to distinguish the psychological
ntecedents from the anomalous phenomena. However, this only occurs
hen subjects are differentiated according to whether they believe in the
aranormal. When contrasting the null hypothesis of independence and
he predictive value of macro-factors in the total sample of the study, the
esults are completely different. Fig. 4 clearly shows that the factors are
nterrelated. This antagonistic change between some models and oth-
rs can be explained by two main reasons, but both are related to the
riteria used for the distribution of the two groups. 

First, as mentioned in the section on results 3.3., it is possible that
he grouping variable (i.e., the belief in the existence of the paranormal)
ntervenes as a moderating variable (and not necessarily a mediator ) in
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Fig. 5. Diagram of hypothetical formulations based on MMSI-2 scores. 
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he relationship of IMA, ASC and CPT with APP. This allows noting the
ossible interaction between this moderator variable and the IMA, ASC
nd CPT macro-factors. This is supported by the results in the ‘latent
eans’ analyses and the comparison of means. 

Second, in addition to this first possibility, one must also take into ac-
ount how both groups have been formed and with what characteristics.
he most obvious is that the quantities for each of the values relating to
he sociodemographic variables were matched. This may have favored
omogeneity in the covariance between the scores of one group and the
cores in the other, which optimizes the ‘factorial invariance’ analysis.
owever, it is possible that this has also penalized the covariability be-

ween the latent variables. Unless the factorial solution used is based
n ‘oblique’ extraction criteria, which is not the case because the EFAs
n this report have not been manipulated obliquely, this homogeneity
n the covariances decreases as factors of a higher order are extracted
see Mulaik, 2018 ). In any of the cases, Abad et al. (2015) warn that
ompletely ‘orthogonal’ solutions are not common in this type of analy-
is and, therefore, recommend replicating the intercorrelations and the
redictive value among the latent variables of the model. 

If the relationship of the four latent variables is based on Fig. 4 ,
hen one could hypothesize mechanisms or criteria to differentiate the
xplanation and classification of anomalous phenomena. The diagram
n Fig. 5 was developed according to the contents grouped in each
acro-factor. It summarizes the possible hypothetical interpretations

hat should be investigated and contrasted in future research. 
Fig. 5 presents only hypothetical associations. The hypotheses in this

iagram do not come directly from the results of this research. However,
ased on an evaluation without discriminating belief systems and taking
nto account the contents belonging to each scale, it is possible to deduce
he hypotheses presented in Fig. 5 . 

Considering the dilemma generated by the investigation of the ‘psi’
henomena and their impact on psychological evaluation, the MMSI-
 scales offer the possibility of formulating scientific hypotheses about
he etiology and classification of anomalous phenomena. While conven-
ional stereotypes tend to incur (though not always) in the ‘Aristotelian
allacy of verification of the consequent’, including statistical decisions
see Pardo and Román, 2013 ), MMSI-2 represents a resource to pre-
ent this type of error. It attempts to substantiate the observations and
uspicions of the professional-researcher working in the field of mental
ealth. It is as erroneous to assert that ‘psi’ phenomena exist to deny
heir possible existence. It is erroneous to accept that anomalous phe-
omena have a “parapsychological ” origin, as all of them are halluci-
ations related to psychosis (e.g., French and Stone, 2014 ). Academic
esearch related to cognitive and perceptual processes should be based
n the application of scientific methodology through the testing of em-
irical indicators ( scientific empiricism ) and should not be limited to the
xclusive use of scientific rationalism (e.g., Carter, 2012 ). Precisely, one
ay to combat these argumentative and fallacious errors rests on the
sychometric development of scientific evaluation protocols, such as
he MMSI-2. It should be noted that the MMSI does not verify or con-
rm the causal antecedents of anomalous phenomena (APP). However,
igs. 4 and 5 at least empirically ground the explanatory psychological
ypotheses and would help in the prevention of type I and II errors . Given
hat the criteria in Fig. 5 are designed to be applied both in the statis-
ical study and at the individual level, new research is needed to test
he predictive validity of Fig. 5 and the quality of the scales, especially
ith regard to cut-off scores. This is discussed again in the following
aragraphs. 

One of the most obvious limitations of this research is that the CFAs
ave not been directly applied to the 174 items of the MMSI-2. This en-
ailed assuming the primary scales as the observable variables of the
odel and the macro-factors as the respective latent variables. This
ecision followed the statistical model applied by Arribas (2011) in
he TEA Personality Test (TPT). The same idea has been used in multi-
le self-report questionnaires (see Butcher et al., 2019 ; Gorsuch, 1983 ;
orey, 2011 ). The advantage it offers with respect to the conventional
FA models based on the items is that in this class of models, the analy-
is of the structural model is optimized. However, a demonstrated disad-
antage and limitation is that accuracy (but not information) is lost with
espect to the study of the metric quality of the items. In any case, as in-
icated by Mulaik (2018) , if the items presented problems of covariance
r measurement, these errors would also affect the higher order factor
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nalysis. Given that the solutions and models presented seem acceptable
n terms of goodness of fit, the metric of the items would not impair the
esults obtained. 

As a second limitation, it can be noted that the interpretative hy-
otheses in Fig. 5 lack objectivity if cutoff points for each scale and
atent factor of the MMSI-2 are not specified. This criticism is related to
he scoring of the direct scores and the sensitivity and specificity of the
est. Although Spanish scales are available to obtain guidance thresh-
lds (see Escolà-Gascón and Gallifa, 2020 ) and thus make evaluative
ecisions, it would be advantageous to test the sensitivity and speci-
city of the MMSI with new samples and external evaluation criteria.
his would also be related to the possibility of validating the MMSI-
 with a clinical population. The latter would allow examining cut-off
oints not only to discriminate what is elevated and what is not; it could
lso contrast the discriminative value of what is psychopathological and
hat is sub-clinical. 

Finally, it should be noted that new psychometric research is needed
o explore and replicate the relationship between primary scales, macro-
actors and other variables of interest. Examples are those attributes
elated to the detection of lying, simulation and fraud. Although the
MSI-2 has a scale that is intended for the assessment of deliberate

raud (F scale), it would be necessary to conduct an experimental study
etween groups (one of simulant subjects and another of non-simulant
ubjects), which contrasts with the degree to which the F scale and the
MA factor are able to identify simulation behaviors. This same logic can
e extrapolated with other clinical and educational variables. 

It can be concluded that the MMSI-2, with its 20 total scales, rep-
esents a valid and reliable psychometric instrument for the exami-
ation of anomalous phenomena and other concomitant psychologi-
al variables. The test also shows that the psychological (and non-
sychopathological) etiology of anomalous phenomena is conditioned
nd can be estimated hypothetically from the macro-factors ‘Clinical
ersonality Tendencies’ (CPT), ‘Incoherent Manipulations’ (IMA, related
o fraud and lie detection) and ‘Altered States of Consciousness’ (ASC),
ll of which were examined by the MMSI-2. Therefore, the MMSI-2 can
e a useful tool for evaluation and lie-detection in the subjects who re-
ort anomalous experiences. Likewise, the MMSI-2 can also be applied
n the clinical scope with the purpose of discriminating if the anoma-
ous experiences are unexplained experiences, perceptive deformations
r hallucinations. In conclusion, the most relevant contribution of the
MSI-2 is being the only psychometric instrument designed in the field

f psi research, that offers objective measurements to know if anomalous
xperiences have a psychological explanation or not. 
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