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Abstract

Hostility and other related terms like anger and aggression are often used interchangeably

to describe antagonistic affect, cognition, and behavior. Psychometric studies suggest that

hostility consists of multiple separate factors, but consensus is currently lacking. In the pres-

ent study we examined the hierarchical structure of hostility. The hierarchical structure of

hostility was examined in N = 376 people (i.e., a mixed community and highly hostile sam-

ple), using both specific and broad hostility self-report measures. A series of Principal

Components Analyses revealed the structure of hostility at five levels of specificity. At inter-

mediate levels, hostility can consistently be expressed in affective, cognitive, and behavioral

components. At the most specific level, hostility can be expressed in terms of Angry Affect;

Hostile Intent; and Verbal, Relational, and Physical Aggression. The pattern of associations

showed significant convergence, and some divergence with broad and more specific hostil-

ity measures. The present findings stress the need for novel instruments that capture each

hostility facet separately to reduce conceptual confounding.

Introduction

In psychological research, human antagonistic behavior and its’ related cognitive-affective

experiences are often operationalized by the terms anger, hostility, or aggression. Unfortu-

nately, these and other related terms (e.g., irritability, agitation, and frustration) are often used

interchangeably. Some use the same term for different constructs (i.e., the jingle fallacy), while

others use different terms for the same construct (i.e., the jangle fallacy) [1]. For example, one

may refer to hostility as the ‘cognitive component’ [2, 3], while others refer to hostility as the

interrelated elements of cynical beliefs, angry feelings and aggressive responding [4]. Some

have referred to anger as the ‘affective component’ [5, 6], while others refer to anger as a com-

bination of cognitive (i.e., biased information processing) and affective factors [7]. There are

researchers who refer to anger as ‘irritability’ [8]. Also, the behavioral component of hostility is

often restricted to observable aggressive behavior [1], while others refer to aggression as the

sum of physical/verbal aggressive behavior, attitudinal hostile beliefs and angry responsiveness

[9]. Moreover, many self-report measures in the field also use a wide array of terms that even
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combine two concepts such as ‘anger expression’, ‘hostile aggression’, ‘affective aggression’

and ‘angry hostility’, adding further confusion.

Adding to this confusion, two theoretical perspectives can be distinguished that conceptual-

ize hostility and its related cognitive-affective experiences. The first, a unidimensional perspec-
tive conceptualizes hostility as one construct that includes the interrelated elements of cynical

beliefs about others and the world, hostile attribution bias (i.e., the tendency to interpret emo-

tionally ambiguous scenario’s as hostile), angry emotional states, and aggressive behavior [4,

10, 11]. The second, a multidimensional perspective conceptualizes hostility in terms of a broad

conceptual domain that consists out of two or more lower-level facets [2, 3, 12]. Empirical evi-

dence tends to converge with this multidimensional perspective of hostility. That is, explor-

atory factor analytic (EFA) studies generally find multifactorial solutions [9, 13–15]. Typically,

these studies include multiple measurements of hostility and apply EFA to identify the optimal

number of factors. Part of the confusion surrounding the concept of hostility can be attributed

to diverging results from these exploratory studies. Some previous studies demonstrated two

factors such as anger expression and anger experience [14–17]. Others reported three-factor

solutions, distinguishing affect, behavior and cognition [14, 18, 19]–also referred to as the

ABC-model [20], or similarly the AHA-model (i.e., anger, hostility, aggression) [3]. Finally,

also a four factor model has been reported with distinctions between hostility, anger, verbal

aggression, and physical aggression [9, 13]. Taken together, the findings of methodologically

heterogeneous factor analytic studies hardly converge in terms of number of produced factors

and factor content.

A major caveat in the available evidence is that previous work focused on two levels of anal-

ysis: a higher order domain, trait, or latent construct (e.g., hostility) and lower-level facets (e.g.,

experience and expression). Consequently, the outcomes of EFA’s are likely to be a function of

the combination of instruments, subscales and items that were fed into the respective models.

Theoretically the ABC- or AHA-model has been influential. However, empirical evidence

shows that the optimal factor structure of hostility is debatable. Moreover, it is unclear how dif-

ferent homogenous facets relate to each other and how central they are to the broad-hostility

domain. Lack of consensus leads to measurement imprecision. Close inspection of item-con-

tent in widely adapted measures of hostility facets for example shows that items often cross-

capture hostility facets. For example, how often one shows certain aggressive behaviors when
angry (Reactive Proactive Questionnaire) [21], or “I have become so mad that I have broken

things” (Buss-Perry Aggression Questionnaire) [9], or “When I get mad I say nasty things”

(State-Trait Anger Expression Inventory-2) [6]. Studies in the broad personality psychology

field suggest that there is value in investigating model solutions that include more than two

conceptual, hierarchical layers [22]. For example, within the construct of narcissism it has

been shown that seemingly diverging results of factor analytic studies (i.e., showing different

‘optimal’ factor solutions) converge into a five-layered hierarchical model in which lower-

order facets become more and more specific with each hierarchical layer [23]. Other examples

of presumed diverging models that converge into a multi-layered hierarchical model have

been reported for agreeableness [24], impulsivity [25], emotion expression [26], and avoidance

behavior [27]. Along the same lines, hostility could potentially be expressed as a hierarchical

structure consisting of one higher order domain that clusters into two to many facets that

become more specific in each additional hierarchical layer. To the best of our knowledge, no

hierarchical cluster analysis on hostility has been previously performed.

In sum, factor-analytic evidence tends to converge with a multidimensional view of the hos-

tility construct, but previous work shows differences in number and content of factor solu-

tions. The current study, including facet-level and broad-domain measures, therefore builds
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on earlier work by examining the hierarchical structure of the hostility concept. The main

expectation is that a multidimensional hierarchical structure will be uncovered.

Materials and methods

Participants

Participants were sampled in two ways. First, participants were recruited from the general pop-

ulation in Maastricht, the Netherlands through advertisement. Second, ensuring a representa-

tive distribution with enough variation at the extreme end of the hostility dimension (i.e., an

estimated 12.4% of the Dutch population show signs of clinically relevant hostility, given that

in the Netherlands an estimated 24.5% of people suffer from a mental disorder (i.e., anxiety,

mood, eating, personality and somatoform disorders) in one year [28]. Of these individuals an

estimated 51% report moderate levels of anger [29]), we actively recruited participants with

increased and clinically relevant levels of hostility from two mental health facilities in the

Maastricht area (i.e., METggz and U-Center). Patients with a score above 1.22 on the hostility

subscale of the Personality Inventory for DSM-5 (PID-5H) were eligible to enter the study.

This cutoff equals 1 SD above the observed mean in a Danish population (a comparable popu-

lation to the Netherlands) and approximates the mean in a clinical population [30]. Exclusion

criteria were age younger than 18 and higher than 60, and illiteracy. Patients were excluded

from participation by clinical judgement in the mental health facility if they showed signs of

current psychosis or mania, alcohol or drug abuse/dependency, and acute suicide risk. For

EFA, a minimum sample size of N = 300 is suggested [31]. In total, we recruited n = 347 people

from the general population and n = 30 patients with clinically relevant levels of hostility. One

patient withdrew consent from the study, so the final sample consisted of N = 376. Sample

characteristics are shown in Table 1. Statistical analyses showed that, compared to non-

patients, patients were less often female, lower educated, student, and were more often using

active psychotropic medication.

Materials

State trait anger expression inventory-2. In the 10-item trait anger scale of the State

Trait Anger Expression Inventory-2 (STAXI-2T) [6] items (e.g., “I am hot-headed”) are scored

on a 4-point Likert scale ranging from one (not at all) to four (very much). Internal consis-

tency, test-retest reliability (e.g., α = .72 - .96) and concurrent validity are good and adequate

construct validity has been demonstrated [6, 32].

Aggression questionnaire. In the 10-item hostility scale of the Aggression Questionnaire

(AQH) [9] items (e.g., “Other people always seem to get the breaks”) are scored on a 5-point

Likert scale ranging from one (extremely uncharacteristic of me) to five (extremely character-

istic of me). Internal consistency (e.g., α = .73 - .81) and test-retest reliability are good and ade-

quate/good construct validity has been demonstrated [33, 34].

Forms of aggression questionnaire. The 40-item Forms of Aggression questionnaire

(FOA) [35] comprises a list of harmful behaviors measured across five subscales including

physical (e.g., “I hit, kick, or push them”), verbal (e.g., “I say mean things to them”,) property

(e.g., “I damage their property”), relational (e.g., “I ruin their friendships with other people”)

and passive-rational (e.g., “I criticize their work, even if it is good”) aggression. In the original

version people are asked to indicate how often each behavior occurs when angry. To minima-

lize overlap with affective features of hostility, participants in the current study were asked to

indicate how often each behavior occurs in general instead. Items are scored on a 5-point

Likert scale ranging from one ((almost) never) to five ((almost) always). Good internal
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consistency (e.g., α = .93 - .94) and adequate construct, convergent and discriminant validity

have been demonstrated [35].

Personality inventory for dsm-5. In the 10-item hostility scale of the Personality Inven-

tory for DSM-5 (PID-5H) [36] items (e.g., “I snap at people when they do little things that irri-

tate me”) are scored on a 4-point Likert scale ranging from zero (very false or often false) to

three (very true or often true). Internal consistency (e.g., α = .88 - .90) is good and adequate

construct and convergent validity have been demonstrated [30, 37–39].

Procedure

The Ethical Review Committee Psychology and Neuroscience at Maastricht University pro-

vided ethical approval to carry out the study (ERCPN- 167_08_05_2016). The study was pre-

Table 1. Sample characteristics.

Stratum Statistical dif.

Total sample (N = 376) Non-clinical (n = 347) Clinical (n = 29) ZZ/ X2/ t (p)
Age in years, mean (SD) 35.15 (14.72) 34.93 (14.97) 37.72 (11) 1.47 (.141)

Female, n (%) 280 (74) 266 (77) 14 (48) 11.34 (.001)

Male, n (%) 96 (26) 81 (23) 15 (52)

Nationality, n (%) 2.05 (.563)

Dutch 353 (95) 324 (93) 29 (100)

Belgian 13 (3) 13 (4) 0 (0)

German 4 (1) 4 (1) 0 (0)

Other 6 (2) 6 (2) 0 (0)

Education, n (%) 27.46 (< .001)

Low 91 (24) 89 (26) 2 (7)

Middle 141 (38) 114 (33) 24 (83)

High 144 (38) 141 (41) 3 (10)

Work situation, n (%) 26.14 (< .001)

Employed 155 (41) 141 (41) 14 (48)

Unemployed 42 (11) 36 (10) 6 (21)

Student 135 (36) 135 (39) 0 (0)

Social security 41 (11) 32 (9) 3 (10)

Retired 3 (1) 3 (2) 0 (0)

Medication use, n (%)

Antidepressant, SSRI 24 (6) 16 (5) 8 (28) 23.64 (< .001)

Antidepressant, SNRI 10 (3) 5 (1) 5 (17) 25.81 (< .001)

Antidepressant, TCA 2 (1) 2 (1) 0 (0) .17 (.682)

Antidepressant, other 3 (1) 2 (1) 1 (3) 2.79 (.095)

Antipsychotic, atypical 6 (2) 4 (1) 2 (7) 5.62 (.018)

Anxiolytic 10 (3) 5 (1) 5 (17) 25.81 (< .001)

Mood stabilizer 3 (1) 2 (1) 1 (3) 2.79 (.095)

Stimulant 7 (2) 6 (2) 1 (3) .43 (.511)

Study variables

STAXI-2T, mean (SD) 16.67 (5.21) 16.01 (4.53) 24.76 (6.03) -7.63 (< .001)

AQH, mean (SD) 19.01 (7.25) 18.47 (7.02) 25.45 (7.04) -5.13 (< .001)

FOA, mean (SD) 56.72 (13.12) 55.57 (11.99) 70.52 (17.78) 4.89 (< .001)

PID-5H, mean (SD) .74 (.59) .66 (.51) 1.65 (.68) -7.69 (< .001)

SSRI = selective serotonergic reuptake inhibitor; SNRI = selective noradrenergic reuptake inhibitor; TCA = tricyclic antidepressant.

https://doi.org/10.1371/journal.pone.0239631.t001
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registered at https://osf.io/gpju6. Some protocol changes were made after the study was prereg-

istered. Specifically, we decided to perform a different analytical approach, we chose to study

hostility at trait level (instead of at both state and trait levels) and patients were not screened

for instable use of psychotropic medication. The study was performed completely online using

Qualtrics software. Beforehand, people were told that the study was about investigating the

relationship between thoughts, feelings, and behaviors. After participants provided informed

consent, an online link to the study’s questionnaires was sent by e-mail. Then, information

about demographic variables, use of psychotropic medication were obtained and the PID-5H,

STAXI-2T, AQH, and FOA were administered. After completion, participants were debriefed

and received course credit or participated in a raffle with 347 times €7,50 worth of rewards.

Statistical analysis

IBM SPSS and Amos version 24 were used for statistical analysis. First, descriptive statistics

were calculated. Second, Spearman’s correlation analysis was run to examine baseline correla-

tions between all multidimensional and unidimensional hostility measures. Then, the hierar-

chical structure of hostility was examined using the so-called ‘Bass-Ackwards’ method [40].

Within the context of the examination of personality models, Goldberg [40] provided a

method of examining hierarchical structures in models with more than two levels. The

approach allows for the examination of various hierarchical levels of specificity, from a broad

construct to more fine-grained, lower-level facets that become more specific at each hierarchi-

cal level. Factor solutions were identified using Principal Components Analysis (PCA). First,

one unrotated principal component was extracted, followed by the extraction of successively

(i.e., two, three, etc.) more Varimax rotated principal components. Varimax rotation was

opted following Goldberg [40] because of optimal parsimony and to encourage factor markers

that are maximally unrelated to each other. This was then repeated until one of the factors was

either too specific to be interpreted (e.g., containing one item) or was no longer interpretable

(e.g., by containing items that show hardly any content similarity). After each extraction, factor

loadings were saved and correlated to compare relationships at each level. The identified prin-

cipal components were then correlated with the raw scores of the questionnaires. The minimal

anonymized data set and accompanying syntax are presented in S1 Syntax and S1 Data.

Results

Means and standard deviations of study variables are shown in Table 1. All study variables

were positively skewed (i.e., the value 0 is outside the +/- 2 � standard error interval of the

skewness value). All scores resembled those of other studies using population samples [32, 34,

35, 41–43]. Univariate outlier inspection of study variables revealed no bimodality or consis-

tent univariate outliers (following the 3 � interquartile range criterion), suggesting that the

patients in the present sample did not form a data-cluster.

First, Spearman’s correlations and Cronbach’s α’s are shown in Table 2. These results sug-

gest that the STAXI-2T, AQH, FOA and PID-5H are significantly positively interrelated. All

correlations were large according to Cohen [44] except for the relationship between the FOA

and AQH, that was medium.

Then, to examine the hierarchical structure of hostility a PCA was run using the ‘Bass-Ack-

wards’ method. We evaluated multivariate normality and linearity by inspecting Mahalanobis

distance. We observed two multivariate outliers who were removed from the analysis. We

observed non-normality on eighteen FOA items (i.e., skewness values smaller or larger than

three standard errors) [45]. Of these eighteen items fifteen extremely violated the normality

assumption even after inverse-transformation (i.e., 1/x) and were removed from further
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analyses to maintain model robustness. The removed items are shown in S1 Table. Factor load-

ings are presented in S2 Table. S1 Fig shows the decision process for principal component

extraction. First, one unrotated principal component was extracted, followed by the extraction

of successively (i.e., two, three, etc.) more Varimax rotated principal components. This was

then repeated until one of the factors was either too specific to be interpreted (e.g., containing

one item) or was no longer interpretable (e.g., by containing items that show hardly any con-

tent similarity). The first unrotated principal component accounted for 30% of the total vari-

ance. The first ten eigenvalues were: 16.16, 3.90, 2.68, 2.12, 1.61, 1.35, 1.24, 1.20, 1.13, and 1.06.

Then, successively larger solutions (i.e., two, three, etc.) were examined. Inspection of the

6-principal component solution showed that the last factor consisted of the two items: “I resent

being told what to do, even by people in charge” and “I feel annoyed when not given recogni-

tion for doing good work”. Thus, the 6-principal component solution was interpreted as not

meaningful, resulting in a 5-principal component solution as base of the hierarchical model,

accounting for 49% of the variance.

The hierarchical 5-principal component model is shown in Fig 1. Correlations between the

component loadings and the original scales are shown in Table 3. Rotated component loadings

and item content are shown in S2 Table. All principal components were labeled according to

what was most common to all these items. The first component (P1.1) was labeled Hostility

and demonstrated significant positive associations to the original hostility scales ranging from

r = .66 (AQ-H) to r = .88 (PID-5H). The principal components in the two-factor solution were

Table 2. Spearman’s rho correlations between uni- and multidimensional hostility constructs.

STAXI-2T AQH FOA α

STAXI-2T .88

AQH .54� .86

FOA .60� .43� .93

PID-5H .79� .51� .65� .88

Note.
�p< .001.

Cronbach’s α is reported in the diagonal.

https://doi.org/10.1371/journal.pone.0239631.t002

Fig 1. Hierarchical structure of hostility.

https://doi.org/10.1371/journal.pone.0239631.g001
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labeled Hostile Cognition (P2.1) and Aggressive Behavior (P2.2). Hostile Cognition related

most strongly to the total scores of the STAXI-2T, AQH and PID-5H. Aggressive Behavior

most strongly related to the FOA (r = .92). In the three-component solution the Hostile Cogni-

tion component split into an Angry Affect (P3.1) and Hostile Intent (P3.3) component. Angry

Affect most strongly related to the STAXI-2T and PID-5H. Hostile Intent most strongly

related to the AQH (r = .92). In the four-component solution items from the Aggressive

Behavior component split into a Social Aggression (P4.2) and Physical Aggression (P4.4,

including many inverse-transformed items) components. Social Aggression related most

strongly to the FOA (r = .87), whereas Physical Aggression related most strongly to the

STAXI-2T (r = -.17, p = .001) and FOA (r = .11, p = .029). In the five-component solution con-

tent from the Social Aggression component split into a Verbal Aggression (P5.2) and Rela-

tional Aggression (P5.4) component. Verbal Aggression (r = .72) and Relational Aggression

(r = .35) both most strongly related to the FOA.

Discussion

The present study is, to the best of our knowledge, the first to explore the hierarchical structure

of self-reported trait-hostility. We predicted that hostility can be defined as a construct that

can be interpreted at different levels of specificity or, in other words, that hostility shows a

multidimensional hierarchical structure. We observed that at the highest, most abstract level

Hostility is characterized by a low threshold to experience and react harmfully upon angry

affect. Findings demonstrate large positive associations between hostility and raw scores on

different instruments of hostility. This finding is consistent with different conceptualizations

of hostility [4, 8, 10, 11, 46, 47]. At the second level, hostility splits up into an experiential (Hos-

tile Cognition) and expressive component (Aggressive Behavior), converging with factor ana-

lytic studies [14–17]. Correlations with the original scales show that experiential aspects of

Table 3. Spearman’s rho correlations between factor scores and hostility instruments.

STAXI-2T AQH FOA PID-5H

P1.1 .84��� .66��� .87��� .88���

P2.1 .80��� .77��� .33��� .76���

P2.2 .35��� .14�� .92��� .42���

P3.1 .74��� .18��� .28��� .75���

P3.2 .30��� .18��� .90��� .36���

P3.3 .35��� .92��� .20��� .29���

P4.1 .75��� .18��� .28��� .76���

P4.2 .34��� .18��� .87��� .38���

P4.3 .34��� .92��� .19��� .29���

P4.4 -.17�� .00 .11� -.08

P5.1 .71��� .16�� .20��� .72���

P5.2 .35��� .13� .72��� .37���

P5.3 .35��� .93��� .20��� .30���

P5.4 .02 .10 .35��� .05

P5.5 -.12� .04 .23��� -.03

� significant at p< .05;

�� significant at p< .01;

��� significant at p< .001.

R2-values of each level are respectively: 29.93, 37.16, 42.12, 46.04, and 49.03.

https://doi.org/10.1371/journal.pone.0239631.t003
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hostility are mostly captured by the STAXI-2T, AQH and PID-5H, whereas the expressive

aspects are mostly captured by the FOA. At the third level, the experiential factor splits up into

an affective (Angry Affect) and cognitive factor (Hostile Intent). This is in line with factor ana-

lytic studies that demonstrated a cognitive, affective and behavioral hostility factor [14, 18, 19].

Correlations with the original scales show that the affective component is mostly captured by

the STAXI-2T and PID-5H, whereas the cognitive component is mostly captured by the

AQ-H. At the fourth level, the behavioral component differentiated in an interpersonal (Social

Aggression) and physical (Physical Aggression) component. This largely converges with stud-

ies showing a four-factor solution consisting of a cognitive, affective and two behavioral factors

[9, 13]. Associations with the original scales show that Social Aggression is mostly captured by

the FOA, whereas Physical Aggression was mostly captured by the STAXI-2T and the FOA.

Moreover, we demonstrated that the interpersonal component split up into a verbal and rela-

tional aggression component. In short, the present findings show that seemingly diverging fac-

tor analytic solutions from previous studies converge into one hierarchically structured model

of hostility.

Similar to other models for which hierarchical structures have shown value (e.g., narcissism,

agreeableness, impulsivity, avoidance behavior, emotional expression), the current research

demonstrates that at the highest, most abstract level 30% of the variance in hostility is explained

by one underlying dimension. Already at the second hierarchical level behavioral characteris-

tics are separated from cognitive characteristics, showing that behavior is a clear distinct

characteristic within hostility. Moving down another hierarchical layer, interpretational char-

acteristics are separated from affective characteristics. The affective and interpretational com-

ponents of hostility remain stable facets in the majority (i.e., three out of five) of hierarchical

layers, marking their relative stability. At even more specific hierarchical layers, behavioral

characteristics of hostility differentiate in three expressive forms of aggressive behavior: physi-

cal, verbal, and relational aggression. Together, these five facets explain 49% of the variance in

hostility items. Surprisingly, the Physical Aggression component at level four and five showed a

negative association with the STAXI-2T. A likely explanation is that all inversely-transformed

items are included in the Physical Aggression component, and that the STAXI-2T includes

many items that tap into physical aggressive behavior (e.g., “When I get mad I say nasty

things”). Overall, these findings show that hostility can be perceived as multifaceted construct

in which affective, interpretational, and behavioral characteristics are stable components.

Several limitations impact the present findings. First, the present work did not include any

predictive measures. Although the present findings show convergent validity, we cannot draw

any definite conclusions on the criterion validity of the present findings. A recommendation

for future research is hence to include instruments that show differential relationships to dif-

ferent hostility facets, such as agreeableness, shame proneness, empathy, trust, and compas-

sion. Second, the majority of the sample (74%) was female. Given that women exhibit more

indirect forms of aggression (e.g., relational, or passive-rational aggression) and men exhibit

more direct forms (e.g., physical aggression) [48], the results might differ from a sample that

includes more men. Third, 30 patients were included in the present sample to ensure enough

variation at the extreme end of the hostility dimension. Network models of psychopathology

suggest that overall symptom severity is positively related to the strength of correlations

between symptom clusters [49]. Recent work shows that hostility is associated with increase

psychopathological severity [50]. Theoretically it could be possible that different patterns in

the patient subgroup may impact the present findings, for example by artificially driving up

correlations. Nonetheless, absence of bimodality and univariate outliers suggests that hostility

levels in the present sample reflect a distribution that might be expected in the population and

is in line with the dimensional approach to psychopathology [51]. Fourth, all self-reports were
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administered in Dutch. Consequently, the results of present work may be culturally bias and

may not generalize to non-Dutch cultures. Fifth, the present work approached hostility from a

trait approach. As a result, self-report measures were used. A recommendation for future

research is to include measures that capture (state) aspects of hostility on different analytical

levels, such as physiologically (e.g., variations in heart-rate variability or skin conductance) or

behaviorally (e.g., Competitive Reaction Time Task or Point Subtraction Aggression Paradigm

[52, 53]. Last, in the present study we worked with a selection of instruments that measure hos-

tility constructs. The STAXI-2 and AQ show excellent psychometric properties [6, 32–34] and

are extensively used and cited—A Web of Science citation report on 15 November 2019 reveals

that the STAXI(-2) and AQ are cited respectively 6160 and 4139 times in scientific articles

since 1988. The FOA is less commonly used and cited, but does show good psychometric prop-

erties in its original form and closely fits modern definitions of aggressive behavior (i.e., any
behavior that is intended to cause harm to another person) [1]. Despite this careful question-

naire selection, future research needs to examine whether this hierarchical structure holds

when more or other instruments are used.

The current finding that hostility is a construct that can be interpreted at different levels of

theoretical generality versus specificity comes with several main implications. One implication

is that a person can score high on a measure that captures one aspect of hostility but will not

necessarily score high on another. For example, a person with a tendency to be easily angered

does not necessarily easily engage in aggressive behavior. Also, a person with the tendency to

respond physically aggressive, does not necessarily have the tendency to be verbally aggressive.

Hostile affect, cognition and behavior may therefore have different antecedents and conse-

quences, requiring a different approach in clinical context. More importantly, the current

study illustrates that the lack of consensus in the current hostility literature is likely the result

of conceptual identity confusion (i.e., jingle and jangle fallacies). This, in turn, leads to reduced

measurement precision and a fragmentation of the research field (i.e., two researchers could

study the same construct but name their construct differently). Note that hostility is investi-

gated not only in the field of aggression, but also the fields of social psychology, clinical psy-

chology, and psychiatry. This underlines the need to be both more critical towards the use of

language and to be very precise in choice of measurement instruments in these fields. This

includes, for instance, the use of items that cross-capture hostility facets, while they pretend to

measure only one facet (see S2 Table for examples of items that capture multiple facets). Hope-

fully, this study will stimulate joint efforts to move towards the standardized use of hostility

and its subcomponents. Moreover, we hope to contribute towards moving the field of aggres-

sion research to a more valid and standardized assessment level by further stimulating and

ameliorate the accurate and standardized assessment and operationalization of hostility.

Supporting information

S1 Data. Minimal anonymized data set.

(SAV)

S1 Syntax. Syntax accompanying the minimal anonymized data set.

(SPS)

S1 Table. FOA items that were removed due to extreme normality violation.

(DOCX)

S2 Table. Item content and loading for all rotated principal component solutions.

(XLSX)

PLOS ONE Hierarchical structure of hostility

PLOS ONE | https://doi.org/10.1371/journal.pone.0239631 September 29, 2020 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239631.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239631.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239631.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239631.s004
https://doi.org/10.1371/journal.pone.0239631


S1 Fig. Decision flow chart Bass-Ackwards approach.

(TIF)

Acknowledgments

There are no acknowledgments for the present work.

Author Contributions

Conceptualization: Martijn W. van Teffelen, Jill Lobbestael, Marisol J. Voncken, Frenk

Peeters.

Formal analysis: Martijn W. van Teffelen.

Investigation: Martijn W. van Teffelen.

Methodology: Martijn W. van Teffelen, Jill Lobbestael, Marisol J. Voncken, Frenk Peeters.

Project administration: Martijn W. van Teffelen.

Supervision: Jill Lobbestael, Frenk Peeters.

Validation: Jill Lobbestael, Marisol J. Voncken, Frenk Peeters.

Writing – original draft: Martijn W. van Teffelen, Frenk Peeters.

Writing – review & editing: Jill Lobbestael, Marisol J. Voncken.

References
1. Anderson CA, Bushman BJ. Human aggression. Annu Rev Psychol. 2002; 53(1):27–51. Epub 2001/12/

26. https://doi.org/10.1146/annurev.psych.53.100901.135231 PMID: 11752478.

2. Smith TW. Hostility and health: Current status of a psychosomatic hypothesis. Health Psychol. 1992; 11

(3):139–50. https://doi.org/10.1037//0278-6133.11.3.139 PMID: 1618168

3. Spielberger C. D., Johnson E., Russell S., Crane R., Jacobs G., & Worden T. (1985). The experience

and expression of anger: Construction and validation of an anger and hostility in cardiovascular and

behavioral disorders. In Chesney M. A. & Rosenman R. H. (Eds.), Anger and hostility in cardiovascular

and behavioral disorders (pp. 5–30). Hemisphere.

4. Chaplin JP. Dictionary of psychology. New York, N.Y.: Laurel; 1982.

5. Ramirez JM, Andreu JM. Aggression, and some related psychological constructs (anger, hostility, and

impulsivity); some comments from a research project. Neuroscience and Biobehavioral Reviews. 2006;

30(3):276–91. https://doi.org/10.1016/j.neubiorev.2005.04.015 PMID: 16081158.

6. Spielberger CD. State-Trait Anger Expression Inventory-2. Lutz, Florida: Psychological Assessment

Resources; 1999.

7. Wilkowski BM, Robinson MD. The cognitive basis of trait anger and reactive aggression: An integrative

analysis. Pers Soc Psychol Rev. 2008; 12(1):3–21. https://doi.org/10.1177/1088868307309874 PMID:

18453470.

8. Vidal-Ribas P, Brotman MA, Valdivieso I, Leibenluft E, Stringaris A. The status of irritability in psychia-

try: A conceptual and quantitative review. J Am Acad Child Adolesc Psychiatry. 2016; 55(7):556–70.

https://doi.org/10.1016/j.jaac.2016.04.014 PMID: 27343883

9. Buss AH, Perry M. The aggression questionnaire. J Pers Soc Psychol. 1992; 63(3):452–9. Epub 1992/

09/01. https://doi.org/10.1037//0022-3514.63.3.452 PMID: 1403624.

10. Barefoot JC. Developments in the measurement of hostility. In: Friedman HS, editor. Hostility, coping, &

health. Washington, DC: American Psychological Association; 1992. p. 13–31.

11. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th ed.

Washington, DC2013.

12. Buss AH. The psychology of aggression. Hoboken, NJ: John Wiley & Sons Inc; 1961.

13. Maier KJ, Goble LA, Neumann SA, Giggey PP, Suarez EC, Waldstein SR. Dimensions across mea-

sures of dispositional hostility, expressive style, and depression show some variation by race/ethnicity

PLOS ONE Hierarchical structure of hostility

PLOS ONE | https://doi.org/10.1371/journal.pone.0239631 September 29, 2020 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239631.s005
https://doi.org/10.1146/annurev.psych.53.100901.135231
http://www.ncbi.nlm.nih.gov/pubmed/11752478
https://doi.org/10.1037//0278-6133.11.3.139
http://www.ncbi.nlm.nih.gov/pubmed/1618168
https://doi.org/10.1016/j.neubiorev.2005.04.015
http://www.ncbi.nlm.nih.gov/pubmed/16081158
https://doi.org/10.1177/1088868307309874
http://www.ncbi.nlm.nih.gov/pubmed/18453470
https://doi.org/10.1016/j.jaac.2016.04.014
http://www.ncbi.nlm.nih.gov/pubmed/27343883
https://doi.org/10.1037//0022-3514.63.3.452
http://www.ncbi.nlm.nih.gov/pubmed/1403624
https://doi.org/10.1371/journal.pone.0239631


and gender in young adults. J Soc Clin Psychol. 2009; 28(10):1199–225. https://doi.org/10.1521/jscp.

2009.28.10.1199

14. Martin R, Watson D, Wan CK. A three-factor model of trait anger: Dimensions of affect, behavior, and

cognition. J Pers. 2000; 68(5):869–97. https://doi.org/10.1111/1467-6494.00119 PMID: 11001152

15. Musante L, MacDougall JM, Dembroski TM, Costa PT. Potential hostility and dimensions of anger.

Health Psychol. 1989; 8(3):343–54. https://doi.org/10.1037//0278-6133.8.3.343 PMID: 2767023

16. Buss AH, Durkee A. An inventory for assessing different kinds of hostility. J Consult Psychol. 1957; 21

(4):343–9. https://doi.org/10.1037/h0046900 PMID: 13463189

17. Fuqua DR, Leonard E, Masters MA, Smith RJ, Campbell JL, Fischer PC. A structural analysis of the

State-Trait Anger Expression Inventory. Educ Psychol Meas. 1991; 51(2):439–46. https://doi.org/10.

1177/0013164491512018 PMID: 20464291

18. Kopper BA, Epperson DL. The experience and expression of anger: Relationships with gender, gender

role socialization, depression, and mental health functioning. J Couns Psychol. 1996; 43(2):158–65.

https://doi.org/10.1037/0022-0167.43.2.158

19. Riley WT, Treiber FA. The validity of multidimensional self-report anger and hostility measures. J Clin

Psychol. 1989; 45(3):397–404. https://doi.org/10.1002/1097-4679(198905)45:3<397::aid-

jclp2270450308>3.0.co;2-4 PMID: 2745729

20. Hilgard ER. The trilogy of mind: Cognition, affection, and conation. J Hist Behav Sci. 1980; 16(2):107–

17. https://doi.org/10.1002/1520-6696(198004)16:2<107::aid-jhbs2300160202>3.0.co;2-y PMID:

11608381

21. Raine A, Dodge K, Loeber R, Gatzke-Kopp L, Lynam D, Reynolds C, et al. The reactive-proactive

aggression questionnaire: Differential correlates of reactive and proactive aggression in adolescent

boys. Aggress Behav. 2006; 32(2):159–71. https://doi.org/10.1002/ab.20115 PMID: 20798781

22. Bacon DR. An evaluation of cluster analytic approaches to initial model specification. Structural Equa-

tion Modeling. 2001; 8(3):397–429. https://doi.org/10.1207/S15328007SEM0803_4

23. Crowe ML, Lynam DR, Campbell WK, Miller JD. Exploring the structure of narcissism: Toward an inte-

grated solution. J Pers. 2019; 87(6):1151–69. https://doi.org/10.1111/jopy.12464 PMID: 30742713

24. Crowe ML, Lynam DR, Miller JD. Uncovering the structure of agreeableness from self-report measures.

J Pers. 2018; 86(5):771–87. https://doi.org/10.1111/jopy.12358 PMID: 29072788

25. Kirby KN, Finch JC. The hierarchical structure of self-reported impulsivity. Pers Individ Dif. 2010; 48

(6):704–13. https://doi.org/10.1016/j.paid.2010.01.019 PMID: 20224803

26. Barr LK, Kahn JH, Schneider WJ. Individual differences in emotion expression: Hierarchical structure

and relations with psychological distress. J Soc Clin Psychol. 2008; 27(10):1045–77. https://doi.org/10.

1521/jscp.2008.27.10.1045

27. Declercq M, De Houwer J. Evidence for a hierarchical structure underlying avoidance behavior. J Exp

Psychol Anim Behav Process. 2009; 35(1):123–8. https://doi.org/10.1037/a0012927 PMID: 19159168

28. Gustavsson A, Svensson M, Jacobi F, Allgulander C, Alonso J, Beghi E, et al. Cost of disorders of the

brain in Europe 2010. Eur Neuropsychopharmacol. 2011; 21(10):718–79. https://doi.org/10.1016/j.

euroneuro.2011.08.008 PMID: 21924589

29. Posternak MA, Zimmerman M. Anger and aggression in psychiatric outpatients. The Journal of Clinical

Psychiatry. 2002; 63(8):665–72. https://doi.org/10.4088/jcp.v63n0803 PMID: 12197446

30. Bach B, Maples-Keller JL, Bo S, Simonsen E. The alternative DSM–5 personality disorder traits crite-

rion: A comparative examination of three self-report forms in a Danish population. Personality Disor-

ders: Theory, Research, and Treatment. 2016; 7(2):124–35. https://doi.org/10.1037/per0000162 PMID:

26642229

31. Tabachnick BG, Fidell LS. Using multivariate statistics, 5th ed. Boston, MA: Allyn & Bacon/Pearson

Education; 2007.

32. Lievaart M, Franken IHA, Hovens JE. Anger assessment in clinical and nonclinical populations: Further

validation of the State–Trait Anger Expression Inventory-2. J Clin Psychol. 2016; 72(3):263–78. https://

doi.org/10.1002/jclp.22253 PMID: 26766132

33. McKay MT, Perry JL, Harvey SA. The factorial validity and reliability of three versions of the Aggression

Questionnaire using Confirmatory Factor Analysis and Exploratory Structural Equation Modelling. Pers

Individ Dif. 2016; 90:12–5. https://doi.org/10.1016/j.paid.2015.10.028

34. Hornsveld RH, Muris P, Kraaimaat FW, Meesters C. Psychometric properties of the aggression ques-

tionnaire in Dutch violent forensic psychiatric patients and secondary vocational students. Assessment.

2009; 16(2):181–92. Epub 2008/10/15. https://doi.org/10.1177/1073191108325894 PMID: 18852480.

PLOS ONE Hierarchical structure of hostility

PLOS ONE | https://doi.org/10.1371/journal.pone.0239631 September 29, 2020 11 / 12

https://doi.org/10.1521/jscp.2009.28.10.1199
https://doi.org/10.1521/jscp.2009.28.10.1199
https://doi.org/10.1111/1467-6494.00119
http://www.ncbi.nlm.nih.gov/pubmed/11001152
https://doi.org/10.1037//0278-6133.8.3.343
http://www.ncbi.nlm.nih.gov/pubmed/2767023
https://doi.org/10.1037/h0046900
http://www.ncbi.nlm.nih.gov/pubmed/13463189
https://doi.org/10.1177/0013164491512018
https://doi.org/10.1177/0013164491512018
http://www.ncbi.nlm.nih.gov/pubmed/20464291
https://doi.org/10.1037/0022-0167.43.2.158
https://doi.org/10.1002/1097-4679(198905)45:3<397::aid-jclp2270450308>3.0.co;2-4
https://doi.org/10.1002/1097-4679(198905)45:3<397::aid-jclp2270450308>3.0.co;2-4
http://www.ncbi.nlm.nih.gov/pubmed/2745729
https://doi.org/10.1002/1520-6696(198004)16:2<107::aid-jhbs2300160202>3.0.co;2-y
http://www.ncbi.nlm.nih.gov/pubmed/11608381
https://doi.org/10.1002/ab.20115
http://www.ncbi.nlm.nih.gov/pubmed/20798781
https://doi.org/10.1207/S15328007SEM0803_4
https://doi.org/10.1111/jopy.12464
http://www.ncbi.nlm.nih.gov/pubmed/30742713
https://doi.org/10.1111/jopy.12358
http://www.ncbi.nlm.nih.gov/pubmed/29072788
https://doi.org/10.1016/j.paid.2010.01.019
http://www.ncbi.nlm.nih.gov/pubmed/20224803
https://doi.org/10.1521/jscp.2008.27.10.1045
https://doi.org/10.1521/jscp.2008.27.10.1045
https://doi.org/10.1037/a0012927
http://www.ncbi.nlm.nih.gov/pubmed/19159168
https://doi.org/10.1016/j.euroneuro.2011.08.008
https://doi.org/10.1016/j.euroneuro.2011.08.008
http://www.ncbi.nlm.nih.gov/pubmed/21924589
https://doi.org/10.4088/jcp.v63n0803
http://www.ncbi.nlm.nih.gov/pubmed/12197446
https://doi.org/10.1037/per0000162
http://www.ncbi.nlm.nih.gov/pubmed/26642229
https://doi.org/10.1002/jclp.22253
https://doi.org/10.1002/jclp.22253
http://www.ncbi.nlm.nih.gov/pubmed/26766132
https://doi.org/10.1016/j.paid.2015.10.028
https://doi.org/10.1177/1073191108325894
http://www.ncbi.nlm.nih.gov/pubmed/18852480
https://doi.org/10.1371/journal.pone.0239631


35. Verona E, Sadeh N, Case SM, Reed A 2nd, Bhattacharjee A. Self-reported use of different forms of

aggression in late adolescence and emerging adulthood. Assessment. 2008; 15(4):493–510. Epub

2008/06/10. https://doi.org/10.1177/1073191108318250 PMID: 18539783.

36. Van der Heijden P, Ingenhoven T, Berghuis H, Rossi G. Nederlandstalige bewerking van The Personal-

ity Inventory for DSM-5® (PID-5)—Adult, 2011. Amsterdam: Uitgeverij Boom; 2014.

37. Krueger RF, Derringer J, Markon KE, Watson D, Skodol AE. Initial construction of a maladaptive per-

sonality trait model and inventory for DSM-5. Psychol Med. 2012; 42(9):1879–90. https://doi.org/10.

1017/S0033291711002674 PMID: 22153017

38. Thomas KM, Yalch MM, Krueger RF, Wright AGC, Markon KE, Hopwood CJ. The convergent structure

of DSM-5 personality trait facets and five-factor model trait domains. Assessment. 2013; 20(3):308–11.

https://doi.org/10.1177/1073191112457589 PMID: 22946103

39. Watson D, Stasik SM, Ro E, Clark LA. Integrating normal and pathological personality: Relating the

DSM-5 trait-dimensional model to general traits of personality. Assessment. 2013; 20(3):312–26.

https://doi.org/10.1177/1073191113485810 PMID: 23596272

40. Goldberg LR. Doing it all Bass-Ackwards: The development of hierarchical factor structures from the

top down. J Res Pers. 2006; 40(4):347–58. https://doi.org/10.1016/j.jrp.2006.01.001

41. Ashton MC, de Vries RE, Lee K. Trait variance and response style variance in the scales of the person-

ality inventory for DSM–5 (PID–5). J Pers Assess. 2017; 99(2):192–203. https://doi.org/10.1080/

00223891.2016.1208210 PMID: 27494804

42. De Fruyt F, De Clercq B, De Bolle M, Wille B, Markon K, Krueger RF. General and Maladaptive Traits in

a Five-Factor Framework for DSM-5 in a University Student Sample. Assessment. 2013; 20(3):295–

307. https://doi.org/10.1177/1073191113475808 PMID: 23405016.

43. Meesters C, Muris P, Bosma H, Schouten E. Psychometric evaluation of the Dutch version of the

Aggression Questionnaire. Behav Res Ther. 1996; 34(10):839–43. https://doi.org/10.1016/0005-7967

(96)00065-4 PMID: 8952127

44. Cohen J. A power primer. Psychol Bull. 1992; 112(1):155–9. https://doi.org/10.1037//0033-2909.112.1.

155 PMID: 19565683

45. Curran PJ, West SG, Finch JF. The robustness of test statistics to nonnormality and specification error

in confirmatory factor analysis. Psychol Methods. 1996; 1(1):16–29. https://doi.org/10.1037/1082-

989X.1.1.16

46. Cassiello-Robbins C, Barlow DH. Anger: The unrecognized emotion in emotional disorders. Clin Psy-

chol Sci Pract. 2016; 23(1):66–85. https://doi.org/10.1111/cpsp.12139

47. Fernandez E, Johnson SL. Anger in psychological disorders: Prevalence, presentation, etiology and

prognostic implications. Clin Psychol Rev. 2016; 46:124–35. https://doi.org/10.1016/j.cpr.2016.04.012

PMID: 27188635

48. Björkqvist K, Lagerspetz KM, Kaukiainen A. Do girls manipulate and boys fight? Developmental trends

in regard to direct and indirect aggression. Aggress Behav. 1992; 18(2):117–27. https://doi.org/10.

1002/1098-2337(1992)18:2<117::AID-AB2480180205>3.0.CO;2-3

49. Robinaugh DJ, Hoekstra RHA, Toner ER, Borsboom D. The network approach to psychopathology: A

review of the literature 2008–2018 and an agenda for future research. Psychol Med. 2020; 50(3):353–

66. https://doi.org/10.1017/S0033291719003404 PMID: 31875792

50. Cassiello-Robbins C, Conklin LR, Anakwenze U, Gorman JM, Woods SW, Shear MK, et al. The effects

of aggression on symptom severity and treatment response in a trial of cognitive behavioral therapy for

panic disorder. Comprehensive Psychiatry. 2015; 60:1–8. https://doi.org/10.1016/j.comppsych.2015.

04.012 PMID: 25987198

51. Kotov R, Krueger RF, Watson D, Achenbach TM, Althoff RR, Bagby RM, et al. The Hierarchical Taxon-

omy of Psychopathology (HiTOP): A dimensional alternative to traditional nosologies. J Abnorm Psy-

chol. 2017; 126(4):454–77. https://doi.org/10.1037/abn0000258 (Supplemental). PMID: 28333488

52. Cherek DR, Lane SD, Pietras CJ. Laboratory measures: point subtraction aggression paradigm.

Aggression: CRC Press; 2003. p. 231–44.

53. Taylor SP. Aggressive behavior and physiological arousal as a function of provocation and the tendency

to inhibit aggression. J Pers. 1967; 35(2):297–310. https://doi.org/10.1111/j.1467-6494.1967.tb01430.x

PMID: 6059850.

PLOS ONE Hierarchical structure of hostility

PLOS ONE | https://doi.org/10.1371/journal.pone.0239631 September 29, 2020 12 / 12

https://doi.org/10.1177/1073191108318250
http://www.ncbi.nlm.nih.gov/pubmed/18539783
https://doi.org/10.1017/S0033291711002674
https://doi.org/10.1017/S0033291711002674
http://www.ncbi.nlm.nih.gov/pubmed/22153017
https://doi.org/10.1177/1073191112457589
http://www.ncbi.nlm.nih.gov/pubmed/22946103
https://doi.org/10.1177/1073191113485810
http://www.ncbi.nlm.nih.gov/pubmed/23596272
https://doi.org/10.1016/j.jrp.2006.01.001
https://doi.org/10.1080/00223891.2016.1208210
https://doi.org/10.1080/00223891.2016.1208210
http://www.ncbi.nlm.nih.gov/pubmed/27494804
https://doi.org/10.1177/1073191113475808
http://www.ncbi.nlm.nih.gov/pubmed/23405016
https://doi.org/10.1016/0005-7967(96)00065-4
https://doi.org/10.1016/0005-7967(96)00065-4
http://www.ncbi.nlm.nih.gov/pubmed/8952127
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1037//0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/19565683
https://doi.org/10.1037/1082-989X.1.1.16
https://doi.org/10.1037/1082-989X.1.1.16
https://doi.org/10.1111/cpsp.12139
https://doi.org/10.1016/j.cpr.2016.04.012
http://www.ncbi.nlm.nih.gov/pubmed/27188635
https://doi.org/10.1002/1098-2337(1992)18:2<117::AID-AB2480180205>3.0.CO;2-3
https://doi.org/10.1002/1098-2337(1992)18:2<117::AID-AB2480180205>3.0.CO;2-3
https://doi.org/10.1017/S0033291719003404
http://www.ncbi.nlm.nih.gov/pubmed/31875792
https://doi.org/10.1016/j.comppsych.2015.04.012
https://doi.org/10.1016/j.comppsych.2015.04.012
http://www.ncbi.nlm.nih.gov/pubmed/25987198
https://doi.org/10.1037/abn0000258
http://www.ncbi.nlm.nih.gov/pubmed/28333488
https://doi.org/10.1111/j.1467-6494.1967.tb01430.x
http://www.ncbi.nlm.nih.gov/pubmed/6059850
https://doi.org/10.1371/journal.pone.0239631

