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Article

Excessive aggression has detrimental effects on an individ-
ual (e.g., increased blood pressure; Player et al., 2007), inter-
personal (i.e., loss of social relationships; Coie et al., 1991), 
and societal (i.e., costs for civil trials and incarceration of 
offenders; Foster & Jones, 2005) level. Consequently, 
increasing our knowledge about how to predict and decrease 
aggression is crucial. Self-report measures of aggression are 
often flawed by socially desirable answer tendencies (Vigil-
Colet et al., 2012). The use of behavioral measures of aggres-
sion therefore is particularly valuable as behavior is not as 
easily susceptible to social desirability as is self-report. 
Developing a controlled but at the same time ecologically 
valid behavioral aggression task is challenging due to ethical 
and practical considerations (Ritter & Eslea, 2005). Despite 
these challenges, a number of creative tasks have been mar-
keted such as the Point Subtraction Aggression Paradigm 
(Cherek et al., 1997), the Hot Sauce Paradigm (Lieberman 
et al., 1999), and the Voodoo Doll Task (DeWall et al., 2013). 

All these paradigms are based on providing participants with 
the opportunity to negatively affect an alleged opponent, for 
example, by subtracting points from a competitive score or 
exposure to aversive food.

A further category of behavioral aggression measures are 
tasks based on the Taylor Aggression Paradigm (TAP; 
Taylor, 1967), in which competition between two or more 
opponents is simulated, during which participants can 
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Abstract
While the Competitive Reaction Time Task (CRTT) is the most used behavioral aggression paradigm, it is characterized 
by methodological heterogeneity and quantification strategies for its’ outcome are unstandardized. Therefore, the 
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(a) a freely available CRTT online administration program, and (b) a factor-analytically derived scoring method. Based 
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all trial scores subsequent to the first time the participant received aversive feedback (i.e., provoked factor) and the 
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was evidenced based on the factors` differential relationship with self-reported aggression and narcissism. Our factor 
analytic findings empirically support the superiority of one of the existing CRTT scoring methods, that is, separately 
averaging all preprovocation versus all postprovocation trials. We discuss practical recommendations for CRTT users and 
outline future empirical avenues. This article aims at stimulating joint efforts to move toward standardization of CRTT 
implementation and outcome measure analysis.
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administer aversive stimuli to their opponents. A widely 
implemented variant of the TAP is the Competitive Reaction 
Time Task (CRTT, see, e.g., Bushman & Baumeister, 1998; 
Warburton & Bushman, 2019). In the CRTT, participants are 
led to believe that they engage in a competitive task against 
an opponent. Participants are told that they can administer 
aversive auditory feedback to each other. In case the partici-
pant “loses” a trial, he or she gets administered an aversive 
white noise through headphones by the opponent. Vice 
versa, in case the participant “wins,” the opponent is admin-
istered an aversive tone by the participant. Prior to each trial, 
the participant can preset both the volume and duration of 
this aversive tone, which serve as behavioral indications of 
physical aggression. In reality, there is no actual opponent 
and the win or loss trials—as well as the volume and dura-
tion of the feedback the participant is confronted with—are 
preprogrammed and standardized for every participant.

Studies largely support the reliability (Cronbach’s α val-
ues ranging from α = .85 to .99, Chester & Lasko, 2019; 
Ferguson & Rueda, 2009; Schmidt et al., 2015; Thomaes 
et al., 2008) and validity of the CRTT. Convergent validity 
is evidenced by the paradigm’s positive correlation with 
other behavioral laboratory aggression measures (Chester 
& Lasko, 2019), as well as by its responsiveness to factors 
known to magnify aggressive behavior like provocation 
(Chester & Lasko, 2019) and alcohol (Giancola & Parrott, 
2008). CRTT scores are, furthermore, positively related to 
self-reported aggression (Giancola & Parrott, 2008; 
Giancola & Zeichner, 1995), especially state aggression or 
recent aggressive acts (Chester & Lasko, 2019). A lack of 
association with traits like competition and experience 
seeking (Bernstein et al., 1987; Chester & Lasko, 2019; 
Giancola & Zeichner, 1995) supports the CRTT’s discrimi-
nant validity. Finally, the CRTT has demonstrated ecologi-
cal validity because its reactivity after viewing violent 
scenes (Bushman, 1995) is similar to that of real-life acts of 
physical aggression.

Methodological Heterogeneity

The CRTT is predominantly used in social and clinical psy-
chological science. The literature indicates that the CRTT 
provides scientists with a large degree of methodological 
flexibility. On the one hand, this flexibility can be consid-
ered an advantage as it allows the application of the para-
digm in manifold contexts. On the other hand, flexibility 
seriously threatens the validity of aggression studies; flexi-
bility in study design and data analyses has been shown to 
(a) increase the likelihood of Type I error rates and inflated 
effect size estimates (LeBel et al., 2017; Simmons et al., 
2011; Wicherts et al., 2016) and (b) dilute the interpretabil-
ity and applicability of the results (Baker at al., 1992).

The methodological heterogeneity of using the CRTT 
manifests within three areas. First, many different versions 

of cover stories are used. Participants physically meet their 
opponents (e.g., Anderson & Anderson, 2008; Dambacher 
et al., 2015b; Pickett et al., 2016) or are told that that they 
are present in an adjacent room (e.g., Wilkowski et al., 
2010; Wilkowski et al., 2015). Some are told that a second 
experimenter guides the opponent (Anderson & Anderson, 
2008; DeWall et al., 2007). There is substantial variation in 
the effort researchers put into convincing their participant 
of the actual presence of an actively participating opponent. 
Some experimenters tell the participant that they should 
start quickly with the experiment because they received a 
message that the opponent is ready to start the CRTT (Banse 
et al., 2015; Brugman et al., 2018). Other experimenters 
present participants with a connection screen before the 
onset of the CRTT while supposedly waiting for their oppo-
nent to start the CRTT (Brugman et al., 2018; Wilkowski 
et al., 2015) or tell the participants that they are going to 
check on the progress of the opponent in another room 
(Brugman et al., 2015). Further safeguard against suspicion 
of premeditation is sometimes integrated within the CRTT 
programming, for example, by having participants automat-
ically lose trials in which they respond very slowly or press 
a wrong key (Imhoff et al. 2013; Sestir & Bartholow, 2010), 
or by inserting randomized waiting periods after partici-
pants’ responses during which the participant is told to wait 
for his or her opponent’s selection (Wilkowski et al., 2010). 
The second area of methodological heterogeneity with 
respect to CRTT usage concerns trial specifications. Most 
studies either use a 25- (e.g., Anderson & Anderson, 2008; 
Elson et al., 2015; Sestir & Bartholow, 2010; Whitaker & 
Bushman, 2012) or a 30- (e.g., Brugman et al., 2018; 
Dambacher et al., 2015a, 2015b; Lobbestael et al., 2014; 
Sherrill et al., 2016) trial version. Most articles do not spec-
ify the preset volume, duration, and the win/loss structure 
per trial (see Banse et al., 2015; Brugman et al., 2015, for 
exceptions). Many researchers report that trial specifica-
tions are assigned in a random yet fixed order (e.g., Hahn-
Holbrook et al., 2011; Sherrill et al., 2016) or based on 
predefined numbers of win versus loose trials (Murphy 
et al., 1992). Other studies use preset tones that gradually 
increase in severity and/or duration (e.g., Lansu et al., 2014; 
Moss & Maner, 2016) or a blocked design starting with less 
provocative and building up to highly provocative tones 
(e.g., Anderson & Anderson, 2008; Imhoff et al., 2013; 
Weisbuch et al., 1999). Elson et al. (2014) empirically 
addressed the impact of differential trial specification by 
reanalyzing three CRTT studies and concluded that part of 
the explained variance was indeed rooted in the differential 
volume and duration levels. The third area of heterogene-
ity—that is the focus of the present study—represents the 
largest source of ambiguity in CRTT results and concerns 
the vast number of strategies to quantify outcome scores. 
Elson (2016, see http://www.flexiblemeasures.com/crtt) 
scrutinized these strategies across 130 publications and 

http://www.flexiblemeasures.com/crtt
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found 157 distinct calculation strategies. Largely, these 
strategies match four categories, that is, volume-based (e.g., 
average volume across all trials), duration-based (e.g., dura-
tion of first trial only), composite (e.g., standardized and 
averaged sum of volume and duration across all trials), and 
other (e.g., number of trials before maximum volume was 
set for the first time) quantifications (Elson, 2016). While 
some of these scoring methods are characterized by merely 
slight differences (e.g., averaging all values of 25 vs. 30 tri-
als), other methods (e.g., only duration after winning trials) 
are more distinct and likely cause strong impacts on study 
findings. Most scoring methods are used only once, and 
many papers report findings from multiple scoring strate-
gies. Over the past 30 years, the number of scoring methods 
with respect to CRTT outcome measures increased con-
stantly. Justifications for why a certain method was chosen 
are rarely provided.

Empirically Derived Scoring Algorithm

The lack of standardization of the CRTT between and 
within laboratories is extremely problematic because it 
undermines the paradigm’s validity (Chester & Lasko, 
2019; Elson et al., 2014). Particularly, the multitude of scor-
ing methods increases the chances of Type I errors (i.e., 
false positives) because it allows researchers to selectively 
report results from an (ad hoc) quantification strategy that 
supports their hypothesis (Chester & Lasko, 2019; Simmons 
et al., 2011). To overcome these problems, both Elson 
(2016) and Chester and Lasko (2019) suggested a twofold 
solution. The first solution includes preregistration of the 
analyses plan prior to data collection. Second, researchers 
should specify why a particular quantification method is 
used. While both approaches undoubtedly avoid ad hoc 
cherry-picking of findings that are either significant or in 
line with ones’ hypothesis (also referred to as p-Hacking, 
see Warburton & Bushman, 2019), they do not contribute to 
the development of a standardized scoring method. 
Researchers, thus, remain in the dark as to what quantifica-
tion method is favorable. Currently, empirical evidence on 
which of the many existing CRTT scoring options is opti-
mal, is lacking (McCarthy & Elson, 2018). Therefore, the 
main aim of this study is the development of an empirically 
derived scoring algorithm for the CRTT. To our knowledge, 
this is the first data-driven solution toward such a standard-
ized CRTT scoring method. For this purpose, we collapsed 
several data sets into one large sample including both 
patients and nonpatients and used a factor-analytic method 
to delineate the structure underlying the CRTT outcome 
measures. External validity was assessed by comparing the 
factor-based scoring method with self-reported aggression 
and the personality trait of narcissism. In the following sec-
tion, we describe the specifics of the study leading to the 
construction of this scoring algorithm.

Method

Materials: CRTT

Participants were told that they were competing against an 
opponent and that they had to try to outperform this oppo-
nent by mouse-clicking a rectangle when it turned from 
yellow to red. The amount of time it took before the rect-
angle changed from yellow to red was randomized, ranging 
from 1,000 milliseconds to 2,000 milliseconds. The amount 
of win or lose trials as well as volume and duration levels 
of the tones administered by the opponent, were prepro-
grammed in the same order for every participant (see 
Tables 1 and 2). A valid reaction time range was set between 
0 and 2,000 milliseconds; when participants reacted slower, 
they automatically lost the trial to ensure credibility. 
Participants were told that the winner of a trial could 
administer a loud noise to his or her opponent and that this 
noise could influence the performance of the opponent on 
the next trial. Before each trial, participants were asked to 
choose the duration and volume of this noise blast. Sliders 
with a range between 0 and 10 were used to set both, dura-
tion and volume. Regarding volume, 0 represented no 
noise at all and 10 was equal to 100 dB, which exceeds the 
United States Safety and Health Standards recommenda-
tions for sustained 8-hour exposure of 90 decibels for full-
time workers, however, well within the pain threshold of 
125 decibels. Regarding duration, 0 represented 0 seconds 
and 10 represented 5 seconds. To provide participants with 
the opportunity to refrain from aggressive responding, we 
explicitly instructed that they could also choose to refrain 
from giving their opponent an aversive tone by moving 
both sliders but setting them back to the zero level. The 
CRTT was programmed in an online custom-made soft-
ware tool, using HTML5, JavaScript, and CSS. This tool 
can be hosted on any web server and is compatible with 
any web browser. The program exists of three parts: (a) the 
settings.xml file where researchers can specify volume, 
duration, and win/loss characteristics of each trial, (b) the 
actual CRTT task for the participant to complete, and (c) 
the final page, showing a systematic overview of the out-
comes. We opted for a user-friendly version based on the 
TAP (Taylor, 1967) and the Competitive Reaction Task 
Reward and Punish (version 3.2.5, Bushman & Baumeister, 
1998; Warburton & Bushman, 2019). Our online version is 
free to use and can be accessed from https://soto.maastrich-
tuniversity.nl/users/crtt/crtt-en.html. A zip file containing 
the source code can be downloaded from https://soto.maas-
trichtuniversity.nl/users/crtt/crtt.zip.

When using this version, please use the following refer-
ence: Lobbestael et al., 2020.

Materials: RPQ

Self-reported reactive and proactive aggression were mea-
sured with the Reactive Proactive Questionnaire (RPQ; 

https://soto.maastrichtuniversity.nl/users/crtt/crtt-en.html
https://soto.maastrichtuniversity.nl/users/crtt/crtt-en.html
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Raine et al., 2006). The RPQ consists of 23 items, 11 
assessing reactive aggression and 12 assessing proactive 
aggression. Items have to be rated on frequency (0 = 
never, 1 = sometimes, 2 = often). The RPQ subscales and 
total scores showed good internal reliability (Cronbach’s 
α > .75) and factor analyses demonstrated that the two-
factor solution outperformed a one-factor solution (Cima 
& Raine, 2009; Raine et al., 2006). The RPQ showed ade-
quate convergent and criterion validity as well as temporal 
stability (Cima et al., 2013).

Materials: NPI

Narcissism was measured with the Narcissistic Personality 
Inventory (NPI; Raskin & Hall, 1979). The NPI consists of 
37 items that are rated on a 7-point Likert-type scale ranging 
from 1 (strongly disagree) to 7 (strongly agree). The NPI has 
a four-factor loading solution comprising of: Leadership/
Authority, Self-Absorption/Self-Administration, Superiority/
Arrogance, and Exploitiveness/Entitlement (Emmons, 1987). 
The NPI approaches narcissism dimensionally and focusses 
primarily on the grandiose form as conceptualized in the 
Diagnostic and Statistical Manual of Mental Disorders–Fifth 
edition (American Psychiatric Association, 2013). Good  

construct validity and internal consistencies (between  
α = .83 and α = .86) have been reported (e.g., Raskin & 
Terry, 1988).

Procedure

Healthy volunteers were recruited through advertisements  
on posters, flyers, and social media. They participated in 
exchange for study credits or €7.50 per hour in vouchers. 
Clinicians were asked for permission to contact patients meet-
ing the inclusion criteria. Next, selected participants were pro-
vided with information about the study. If the participant 
agreed to participate, meetings were planned to conduct the 
experiment. All relevant studies were approved by the local 
ethical committee of Maastricht University (ERCPN codes 
ECP-138, 17_03_2014; ECP-119 06_09_2012; ECP-107 
05_10_2011; ECP 145 07_10_2014; ECP-129 05_06_2013; 
ECP-107- 05_10_2011) and by the Florida State University`s 
Human Subject Committee (code 2010.5111).

Table 1. Preprogramed Trials of the CRTT (25-Trial Version).

Trial number Volume Duration Win/lose

 1 0 0 Win
 2 6 7 Lose
 3 1 1 Win
 4 6 5 Lose
 5 3 7 Lose
 6 5 2 Lose
 7 5 9 Win
 8 2 6 Lose
 9 1 3 Win
10 3 3 Win
11 6 5 Lose
12 10 2 Win
13 4 6 Win
14 7 9 Lose
15 3 10 Lose
16 6 5 Win
17 1 10 Lose
18 10 6 Lose
19 4 10 Win
20 9 10 Lose
21 6 4 Win
22 2 3 Lose
23 9 7 Lose
24 10 3 Win
25 2 6 Lose

Note. CRTT = Competitive Reaction Time Task.

Table 2. Preprogramed Trials of the CRTT (30-Trial Version).

Trial number Volume Duration Win/lose

 1 0 0 Win
 2 0 0 Win
 3 0 0 Win
 4 0 0 Lose
 5 0 0 Lose
 6 0 0 Win
 7 6 7 Lose
 8 1 1 Win
 9 6 5 Lose
10 3 7 Lose
11 5 2 Lose
12 5 9 Win
13 2 6 Lose
14 1 3 Win
15 3 3 Win
16 6 5 Lose
17 10 2 Win
18 4 6 Win
19 7 9 Lose
20 3 10 Lose
21 6 5 Win
22 2 10 Lose
23 10 6 Lose
24 4 10 Win
25 9 10 Lose
26 6 4 Win
27 2 3 Lose
28 9 7 Lose
29 10 3 Win
30 2 6 Lose

Note. CRTT = Competitive Reaction Time Task.
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Data Sources

CRTT data were collected within eight different studies con-
ducted in our lab and that of Florida State University over 
the past 6 years. Seven studies included nonpatients 
(Brugman et al., 2015; Dambacher et al., 2015a; Dambacher 
et al., 2015b; Lobbestael et al., 2014; Lobbestael & Brugman, 
in preparation; Lobbestael & Vancleef, in preparation; Van 
Teffelen et al., in press), and one study included patients 
from a forensic psychiatric clinic (Brugman et al., 2018). 
Together, N = 620 participants were included in these stud-
ies. Per study, the participant numbers ranged between n = 
26 and n = 100. Seventeen (2.7%) participants were 
excluded because of extreme trial values (i.e., scores of 0 or 
of 10 on all trials), resulting in a total sample of N = 603. 
Five studies used the 30-trial version of the CRTT (Brugman 
et al., 2015; Brugman et al., 2018; Dambacher et al., 2015a; 
Dambacher et al., 2015b; Lobbestael et al., 2014), whereas 
two studies (Lobbestael & Vancleef, in preparation; Van 
Teffelen et al., in press) used the 25-trial version, and one 
study (Lobbestael & Brugman, in preparation) used both 
versions.

Data Analyses

Data were checked for normality. Since participants had to 
determine both volume and duration of each trial, the num-
ber of trials per participants was either 50 (in case of the 
25-trial version) or 60 (in case of the 30-trial version). 
Because the 30-trial CRTT version incorporates multiple 
(seven) unprovoked trials and the 25-trial version only two, 
the data from the 30-trial version are more reliable and thus 
could not be clustered directly with that of the 25-trial ver-
sion. The following analyses were therefore performed on 
the 30-trial subsample only (n = 423). The 60 variables 
were entered into an exploratory factor analysis (EFA). All 
EFA analyses were conducted with Mplus version 7.2 
(Muthén & Muthén, 1998-2020). Apart from enabling the 
researcher to apply conventional criteria like checking 
eigenvalues, screeplot and interpretability, Mplus also pro-
vides results for a model Chi Square goodness-of-fit test 
and output on other fit criteria like the root mean squared 
error of approximation (RMSEA), the Tucker–Lewis index 
(TLI), and the standardized root mean square residual 
(SRMR). Although such fit measures are most powerfully 
used in a confirmatory rather than an exploratory context, 
they can be of assistance in gauging how well the original 
correlation matrix can be described with a given factor solu-
tion. The RMSEA is a measure of “badness of fit,” with 
lower values indicating better fit. Traditionally, RMSEA 
values smaller than .08 are taken to be indicative of a fair 
fitting model, and values smaller than .05 reflect a close fit. 
TLI is an incremental fit index, showing how the current 
model has succeeded in improving the reproduction of the 

correlation matrix, relative to the performance of the inde-
pendence (i.e., worst possible) model. TLI values above .90 
are traditionally considered as good fitting models. For 
SRMR, a measure that roughly corresponds to the average 
standardized residual covariance, values below .08 are con-
sidered as reflecting a good fit. In addition, Mplus enables 
the use of the robust maximum likelihood estimator MLR to 
correct for violations of the normality assumption. This 
estimator calculates robust standard errors for all parameter 
estimates and provides a scaled correction of the model chi-
square test and related goodness-of-fit statistics like 
RMSEA and SRMR. As a further addition, Mplus provides 
robust tests for the statistical comparison of different mod-
els (i.e., factor solutions).

Since provoked and unprovoked aggression have been 
shown to consistently correlate highly across methodolo-
gies (Polman et al., 2007), we rotated the solution using the 
default Mplus Geomin method, an oblique rotation method 
that allows factors to be correlated.

As a follow up, the factor analysis was replicated for the 
25-trial version only, as well as for other subsets (i.e., 
excluding patients, suspicious participants and participants 
first having underwent an experimental manipulation).

To assess construct validity of the CRTT scores, Pearson 
correlations were calculated with the RPQ and the NPI in a 
subsample of the 30-trial CRTT version of respectively n = 
337 and n = 153.

Results

Demographic Information

In the 30-trial version, n = 423, the majority (84.2%) was 
male, with a mean age of 26.86 years (SD = 10.89, range 
from 18 to 68 years). The sample was predominantly 
Caucasian (71.2%), followed by Hispanic (2.6%), Asian 
(1.7%), African American (1.4%), Arabian (0.7%), and oth-
ers (0.5%), 22% unknown. Furthermore, 23.9% of partici-
pants completed a bachelor master education, while 70.4% 
completed high school, 5.4% elementary school, and 0.2% 
no education. In the subsample of forensic psychiatric 
patients (n = 84), the majority suffered from antisocial 
(44%), borderline (19%), or narcissistic (10.7%) personal-
ity disorders. The most prevalent clinical disorders were 
substance abuse (42.9%), sexual disorders (25%), attention 
deficit disorders (13.8%), mood disorders (11.9%), impulse 
control disorders (11.9%), anxiety disorders (8.3%), or 
developmental disorders (6%). Other disorders were diag-
nosed in less than 5% of the forensic subsample.

Factor Structure

Inspection of the descriptive statistics (n = 423) showed 
that the kurtosis values of the later trials gradually became 
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more negative (i.e., not within ±1 SE range; Howell, 2007). 
Inspection of the histograms revealed that participants 
administer trials of maximum duration and volume toward 
the end of the CRTT task (i.e., starting around trial 20), 
pointing to a ceiling effect.

The Kaiser–Meyer–Olkin measure of sampling ade-
quacy was 0.94, thus exceeding the recommended value of 
0.60, and Bartlett’s test of Sphericity was significant, 
χ2(1770) = 15501.54, p ≤ .001. Eigendecomposition of the 
original correlation matrix showed there to be 11 eigenval-
ues larger than 1 (see Table 3). Parallel analyses using 
O`Conner`s (2000) SPSS syntax indicated the eigenvalues 
of the true data (i.e., .498) became lower than those simu-
lated in the random models (i.e., .517) from factor 13 on. 

Table 3. List of all Eigenvalues >1 (Based on the 30-Trial CRTT Version, n = 423).

Factor Eigenvalue % Explained variance % Cumulative explained variance

 1 20.341 33.902 33.902
 2 4.553 7.588 41.490
 3 2.038 3.397 44.887
 4 1.852 3.087 47.975
 5 1.735 2.892 50.866
 6 1.496 2.493 53.360
 7 1.296 2.161 55.520
 8 1.265 2.108 57.628
 9 1.173 1.954 59.583
10 1.096 1.872 61.410
11 1.001 1.668 63.077

Figure 1. Scree plot of EFA of the 30-trial CRTT version with 60 trials (n = 423).
Note. EFA = exploratory factor analysis; CRTT = Competitive Reaction Time Task.

This implies that 12 factors can be considered the upper 
limit of potential number of existing factors in the file. The 
screeplot (see Figure 1) however clearly reflected that after 
extraction of the first two principal components, the remain-
ing components added only marginally to the 41.49% of the 
variance that was explained by the first two components 
(see Table 3). This suggested that although more of the vari-
ance could be explained by extracting more principal com-
ponents, the objective of data reduction for practical 
purposes would not be met by simply adding all compo-
nents with eigenvalues larger than 1.

To gain a richer view of the potential of more complex 
factor structures, we compared all factor solutions that were 
suggested by the parallel analysis (12) on a number of 
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commonly used goodness-of-fit measures, summarized in 
Table 4. The model chi-square goodness-of-fit test, which 
tests the null hypothesis that the model is correct for describ-
ing the population correlation matrix, is known to be 
extremely sensitive to small discrepancies between pre-
dicted and observed correlations, in case the sample size is 
large. For this reason, the consistent rejection of good model 
fit should not come as a surprise. It is however noteworthy 
that after the extraction of 11 factors no further improve-
ment in the fit can be detected. Not only does the Chi Square 
test for a comparison between models return a nonsignifi-
cant result for the difference in fit between the 11- and the 
12-factor solutions, but it is also conspicuous that the 
12-factor solution actually becomes worse than the 11-fac-
tor solution and even higher solutions do not converge. 
However, a different story is told both by the RMSEA val-
ues, which take into account both goodness-of-fit and parsi-
mony, and the SRMR values. For the two-factor solution, 
these two indices already have values that could be consid-
ered as indicative of reasonable to good fit, although the 
accompanying test of close fit only becomes nonsignificant 
after extraction of seven factors. Considering the 90% 

confidence interval for the population RMSEA value, it 
runs from .057 to .061 for the two-factor model and from 
.049 to .054 for the seven-factor solution. The more com-
plex model can therefore be considered to be objectively 
better on a statistical basis, but the gain in terms of SRMR, 
the standardized measure of the average residual covari-
ance, is not very large. This can be more clearly understood 
by examining the number of residual correlations larger 
than .10. For the two-factor solution, we found 107 out of a 
total of 1,770 residual correlations to have an absolute 
residual correlation larger than 0.10. Of these 107 large 
residuals, 14 even had an absolute value larger than 0.20. 
On closer inspection, 57 of the large residual correlations 
could be explained by the fact that they concern consecutive 
trials (e.g., the residual correlation between volume of the 
first and that of the second trial) or because they concerned 
volume and duration trials of the same trial number (e.g., 
volume of Trial 1 and duration of Trial 1). These 57 trials 
therefore can be considered methodological artefacts, leav-
ing only 50/1,770 (4.3%) of all residual correlations as 
being too high without a clear explanation. Compared with 
the other models, the one-factor solution shows suboptimal 

Table 4. Goodness-of-Fit Measures of All 12-Factor Solutions.

#Factors Model chi square (df) RMSEA (p close fit) TLI SRMR

 1 5478.217 (1710), p < .001 .072 (p < .001) .611 .083
 2 4085.187 (1651), p < .001 .059 (p < .001) .739 .053
 3 3902.608 (1593), p < .001 .059 (p < .001) .744 .048
 4 3667.054 (1536), p < .001 .057 (p < .001) .755 .043
 5 3405.356 (1480), p < .001 .055 (p < .001) .770 .039
 6 3169.272 (1425), p < .001 .054 (p < .01) .784 .036
 7 2887.980 (1371), p < .001 .051 (p = .232) .804 .034
 8 2763.813 (1318), p < .001 .051 (p = .281) .806 .032
 9 2741.643 (1266), p < .001 .052 (p = .063) .794 .029
10 2535.895 (1215), p < .001 .051 (p = .336) .808 .028
11 2322.189 (1165), p < .001 .048 (p = .809) .824 .026
12 2465.526 (1116), p < .001 .053 (p = .023) .786 .024

 
Chi square model comparison tests (corrected for normality 

violation):

 1 Factor vs. 2 factors 1206.202 (59), p < .001
 2 Factors vs. 3 factors 160.468 (58), p < .001
 3 Factors vs. 4 factors 187.669 (57), p < .001
 4 Factors vs. 5 factors 218.333 (56), p < .001
 5 Factors vs. 6 factors 203.881 (55), p < .001
 6 Factors vs. 7 factors 370.922 (54), p < .001
 7 Factors vs. 8 factors 118.371 (53), p < .001
 8 Factors vs. 9 factors 76.899 (52), p = .014
 9 Factors vs. 10 factors 212.254 (51), p < .001
10 Factors vs. 11 factors 264.794 (50), p < .001
11 Factors vs. 12 factors 37.296 (49), p = .889

Note. RMSEA = root mean squared error of approximation; TLI = Tucker–Lewis index; SRMR = standardized root mean square residual; df = 
degrees of freedom.
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fit values, with RMSEA only being in the acceptable range, 
the SMRM above the .08 threshold, and a lower TLI.

The last goodness-of-fit measure reported in Table 4, the 
TLI, consistently returns unsatisfactory low values for all 
factor models considered. These poor results are inconsis-
tent with the values produced by the RMSEA and SRMR 
indices, which all reflect good fitting models. It is important 
to notice that TLI is an incremental measure of goodness-
of-fit, which quantifies the performance of a model relative 
to the independence model, a model that posits no relation-
ships between the variables at population level and can 
therefore be considered as the worst possible baseline 
model. In situations where the independence model is not 
too extravagant for describing the population correlation 
matrix, the TLI loses its informative value. In our case, we 
can see that the TLI does not favor any of the models con-
sidered, although necessarily more complex models get 
higher TLI values.

Although the chi-square tests for model comparison 
identify an 11-factor model as the solution after which fur-
ther adding of factors no longer give a statistically notice-
able improvement of the goodness-of-fit, and the test for 
close fit suggests the 7-factor model as the solution that has 
obtained statistical evidence for a close fitting model, 
RMSEA and SRMR values are already acceptable for the 
2-factor solution and change only marginally across the 
various factor solutions. This means that a premium must 
be placed on the interpretability of the various factors that 
can be extracted.

The pattern of loadings for the two-factor solution (see 
Table 5) approximated a simple structure. The factor load-
ings of the items on the two-factor solution showed that the 
volume and duration of Trials 1 to 7 load >.40 on a first, 
unprovoked factor, whereas the volume and duration of 
later trials (Trials 8 to 30) load >.40 on a second, provoked 
factor. Conspicuously, however, the first two provoked tri-
als show approximately equally sized cross loadings on 
both factors, suggestive of a lingering effect of the previous 
trials. Evidence for the existence of such lingering effects 
was also produced by the fact that many residual correla-
tions between consecutive trials were relatively large. 
Inspection of the factor loading of more complex factor 
solutions showed that adding factors did not lead to group-
ing items in a theoretically meaningful way. Specifically, 
several of the items do not load >.40 on one of the pro-
posed factors (i.e., for the three-factor model, volume of 
Trials 9, 22, 23 and duration of Trials 9, 15, 22, 25; for the 
four-factor model, volume of Trials 9, 11, 22, 23, 24 and 
duration of Trials 8, 9, 10, 15, 22-25; increasing even more 
in the five- to seven-factor models). Likewise, in the + four 
factor models, some factors were formed by one item only 
(i.e., in the four-factor model), while others seemed ran-
dom, and cannot be theoretically explained at all.

Taken together, we believe that there is some evidence 
for the statistical superiority of +two-factor solutions; but 

that at the content level, the only factor solution making 
sense is that of provoked versus unprovoked aggression. 
The other characteristics (volume/duration and win/lose) 
did not have any discernible influence on the pattern of the 
correlations and did not show up in any of the more com-
plex factor solutions. The two factors are further referred to 
as “provoked aggression” (scores subsequent to first provo-
cation) and “unprovoked aggression” (scores prior to the 
first provocation).

Due to the heterogeneous nature of our different data 
sets (i.e., 30-trial versus 25-trial version; nonpatients vs. 
forensic patients; participants not suspicious of premedita-
tion/suspicious of premeditation; preceded vs. not pre-
ceded by experimental manipulations), additional analyses 
were conducted to assess the stability of the two-factor 
structure. Specifically, six new EFA analyses were run (see 
Table 6). The five EFAs of the subgroup analyses (i.e., in- 
and excluding patients, participants who first underwent 
experimental manipulations and participants suspicious of 
premeditation) revealed two-factor fits identical to that 
based on the complete data set. When comparing the facto-
rial loading patterns of the five EFA analyses with those of 
the total EFA, it was revealed that the factor loading of the 
subanalyses deviated on average .02 from the first-factor 
loading of the total EFA, and .02 from the second-factor 
loading of the total EFA. This provided evidence that the 
two-factor solution is invariant irrespective of the nature of 
the included participants (patients/nonpatients, suspicious/
not), and the precedence by experimental manipulation. In 
contrast to the previous analyses, the EFA with the inde-
pendent sample of only the 25-trial CRTT version (n = 
180), revealed a one-factor fit. This implies that the 25-trial 
version cannot be characterized by an unprovoked versus 
provoked factor, but instead, one composite score averag-
ing all trials is preferable.

Derivation of the Two CRTT Subscores

Based on the EFA analyses described above, we now pro-
vide a scoring method for the 30-trial CRTT version that 
researchers can use to calculate the average scores across all 
trials with respect to volume (TV) and duration (TD) 
assessed with the CRTT in their samples. Averaging of the 
raw scores is justified because (a) the SD’s of the variables 
are comparable, (b) the beta coefficients of their contribu-
tion to a factor score are comparable, and (c) the correla-
tions between the average scores and the factor scores are 
near perfect, Pearson r = .998 for unprovoked, and r = .999 
for provoked aggression.

Scoring Method 30-Trial Version

Provoked aggression = (TV8 + TV9 + TV10 + TV11 + 
TV12 + TV13 + TV14 + TV15 + TV16 + TV17 + TV18 
+ TV19 + TV20 + TV21 + TV22 + TV23 + TV24 + 
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Table 5. Factor Loadings Based on EFA With Geomin 
Rotation.

Component provoked 
aggression

Component unprovoked 
aggression

Volume Trial 1 0.626 0.089
Volume Trial 2 0.792 −0.037
Volume Trial 3 0.776 −0.013
Volume Trial 4 0.719 0.041
Volume Trial 5 0.806 −0.013
Volume Trial 6 0.622 0.065
Volume Trial 7 0.640 0.186
Volume Trial 8 0.425 0.432
Volume Trial 9 0.397 0.315
Volume Trial 10 0.160 0.514
Volume Trial 11 0.17 0.531
Volume Trial 12 0.105 0.532
Volume Trial 13 0.112 0.557
Volume Trial 14 0.191 0.471
Volume Trial 15 0.197 0.501
Volume Trial 16 0.128 0.55
Volume Trial 17 −0.008 0.605
Volume Trial 18 −0.007 0.678
Volume Trial 19 0.016 0.566
Volume Trial 20 −0.11 0.72
Volume Trial 21 0.073 0.562
Volume Trial 22 0.117 0.512
Volume Trial 23 0.158 0.473
Volume Trial 24 −0.104 0.684
Volume Trial 25 0.003 0.608
Volume Trial 26 −0.213 0.75
Volume Trial 27 −0.01 0.593
Volume Trial 28 0.016 0.567
Volume Trial 29 −0.154 0.71
Volume Trial 30 0.01 0.602
Duration trial 1 0.643 0.007
Duration Trial 2 0.669 −0.022
Duration Trial 3 0.727 −0.001
Duration Trial 4 0.684 0.052
Duration Trial 5 0.764 0.026
Duration Trial 6 0.684 −0.003
Duration Trial 7 0.595 0.16
Duration Trial 8 0.325 0.458
Duration Trial 9 0.415 0.301
Duration Trial 10 0.13 0.474
Duration Trial 11 0.169 0.477
Duration Trial 12 0.12 0.437
Duration Trial 13 0.1 0.471
Duration Trial 14 0.089 0.518
Duration Trial 15 0.166 0.431
Duration Trial 16 0.039 0.529
Duration Trial 17 0.006 0.534
Duration Trial 18 0.093 0.555
Duration Trial 19 0.055 0.52
Duration Trial 20 −0.099 0.643
Duration Trial 21 −0.065 0.565
Duration Trial 22 0.057 0.447
Duration Trial 23 0.031 0.459
Duration Trial 24 −0.09 0.654
Duration Trial 25 0.013 0.545
Duration Trial 26 −0.283 0.734
Duration Trial 27 −0.048 0.614
Duration Trial 28 −0.019 0.576
Duration Trial 29 −0.16 0.721
Duration Trial 30 0.019 0.546

Note. EFA = exploratory factor analysis.

TV25 + TV26 + TV27 + TV28 + TV29 + TV30 + TD8 
+ TD9 + TD10 + TD11 + TD12 + TD13 + TD14 + 
TD15 + TD16 + TD17 + TD18 + TD19 + TD20 + TD21 
+ TD22 + TD23 + TD24 + TD25 + TD26 + TD27 + 
TD28 + TD29 + TD30) / 46.

Unprovoked aggression = (TV1 + TV2 + TV3 + TV4 
+ TV5 + TV6 + TV7 + TD1 + TD2 + TD3 + TD4 + 
TD5 + TD6 + TD7) / 14.

Reliability of and Intercorrelation Between the 
Two CRTT Subscales

Cronbach`s α calculations (30-trial version, n = 422) show 
that all trials prior to the first provocation are reliably mea-
suring the same construct (i.e., unprovoked aggression),  
α = .938, while the same applies to the trials subsequent to 
the first provocation (i.e., provoked aggression), α = .962. 
The intercorrelation between the provoked and unprovoked 
scores was Pearson r = .61**, p < .001.

Construct Validity

The CRTT averaged provoked score correlated significantly 
with both RPQ reactive and proactive aggression (see Table 7, 
30-trial version, n = 423) with the first correlation signifi-
cantly higher than the latter (Z = 2.01*, p = .02). Provoked 
CRTT scores also correlated positively with the Exploitiveness/
Entitlement scale of the NPI. The CRTT averaged unpro-
voked score correlated significantly with both RPQ reactive 
and proactive aggression with no significant differences 
between both correlations (Z = .59, p = .28). Unprovoked 
CRTT scores also correlated positively with both the 
Superiority/Arrogance and Exploitiveness/Entitlement sub-
scales of the NPI.

Discussion

The present study addressed the validity of behavioral 
aggression paradigms. It specifically focused on the CRTT, 
in which participants are provided with the opportunity to 
noise-blast an alleged opponent as a form of physical 
aggression. The field of aggression research needs empiri-
cally derived recommendations that can support more stan-
dardized use of the CRTT.

CRTT Online Administration Tool and 
Recommendations

The first aim of the current article was to provide a freely 
available online CRTT administration tool (Lobbestael et al., 
2020). It is available in English, German, and Dutch, and can 
be administered via online PC access. Data are automatically 
stored after closing the task. The default version of the admin-
istration tool uses the 30-trial CRTT version, which 
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(compared with the 25-trial version) has the advantage of 
including multiple assessments of unprovoked aggression 
(i.e., duration and volume of six trials compared with only 
one). There are two further advantages of this online CRTT 
version. First, safeguard elements are integrated to maximize 
the credibility of the presence of an actual opponent. This is 
done by (a) having participants lose trials in which their reac-
tion time exceeds 2,000 milliseconds or they press a wrong 
key, and (b) randomizing the time it takes before the rectan-
gle changes from yellow to red (i.e., where the participant has 
to wait until the opponent has “set” the duration and volume) 
in order to induce the impression that an opponent naturally 
varies in his or her time needed to set the volume and dura-
tion sliders. Second, participants are provided with the oppor-
tunity for a nonaggressive response (i.e., to refrain from 
giving an aversive white noise to their opponent; see early 
criticism on this by Tedeschi and Quigley [1996]). This is 
done by explicitly informing the participant about this option 
and demonstrating that they can do this by moving both the 
volume and durations sliders but then put them back to zero. 
This avoids demand characteristics (i.e., the participant feel-
ing obliged by the instructions to provide the opponent with 
some form of aversive feedback).

Aside from this, we formulate two other recommenda-
tions for using the CRTT that will foster adequate ethical 
use of the CRTT and increase replicability of research find-
ings. First, each personal computer and the volume settings 
should be pretested with a decibel meter to ensure that the 
maximum sound (i.e., Level 10) indeed does not exert 100 
dB(A). 100 dB(A) exceeds the United States Safety and 
Health Standards recommendations for sustained 8-hour 
exposure of 90 dB(A) for full-time workers, however is 
well within the pain threshold of 125 dB(A). In Europe, the 
sustained 8-hour expose is set at 80 dB(A), and the pain 
threshold at 120 dB(A). Participants with hearing problems 
should be excluded from participation. Second, researchers 
should publish the precise trial specifications implemented 
in their CRTT. This practice is necessary to stimulate meth-
odological transparency and facilitates replication studies.

CRTT Scoring Algorithm

Literature evidences high levels of methodological hetero-
geneity in CRTT studies due to large variations in cover 
stories, trial specifications, and outcome scores. While such 
heterogeneity is not unique to the CRTT or to aggression 

Table 6. Summary of Six Additional EFA Analyses in Subpopulations.

n Sample description

Initial  
eigenvalues

Cumulative percentage of 
variance

 Provoked Unprovoked Provoked Unprovoked

EFA 1 340 Excluding patients 32.198 7.274 32.198 39.473
EFA 2 366 Excluding manipulation conditions, i.e., TMS brain 

stimulation or social exclusion
33.847 7.823 33.847 41.670

EFA 3 283 Excluding patients and the manipulation conditions, 
e.g., TMS brain stimulation or social exclusion

31.790 7.598 31.790 39.388

EFA 4 83 Patient sample only 40.054 8.954 40.054 49.008
EFA 5 405 Excluding suspicious participants 32.612 7.749 32.612 40.361
EFA 6 180 25-Trial only 37.124 6.853 37.124 43.977

Note. EFA = exploratory factor analysis; TMS = transcranial magnetic stimulation.

Table 7. Pearson Correlations Between CRTT Scores and the RPQ and NPI to Assess Construct Validity, 30-Trial Version.

CRTT provoked CRTT unprovoked

RPQ, n = 337
 Reactive aggression .26** .14*

 Proactive aggression .16* .11*

NPI, n = 153
 Total score .13 .16
 Leadership/authority −.01 −.02
 Self-absorption/self-administration .13 .08
 Superiority/arrogance .08 .19*

 Exploitiveness/entitlement .22* .25*

Note. CRTT = Competitive Reaction Time Task; RPQ = Reactive Proactive Questionnaire; NPI = Narcissistic Personality Inventory.
*p < .05. **p < .001.
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research (e.g., see Scarpina & Tagini, 2017; Nyongesa 
et al., 2019, for similar issues with the Stroop test and exec-
utive functioning tasks), such flexibility in data collection, 
analyses, and reporting has been shown to increase false-
positive findings (Simmons et al., 2011). To overcome this 
problem of abundant CRTT scoring methods, the second 
main goal of this study was to present an empirically derived 
CRTT scoring algorithm. EFA in a large sample evidenced 
the presence of two distinct CRTT factors in the 30-trial 
version, that is, provoked aggression (volume and duration 
scores subsequent to first provocation) and unprovoked 
aggression (volume and duration scores prior to first 
provocation).

The provoked CRTT factor showed to be particularly 
correlated to its’ self-reported reactive counterpart, as well 
as to the Exploitiveness/Entitlement subcomponent of gran-
diose narcissism, thereby providing strong initial support 
for its construct validity. Moderate construct validity was 
shown for the unprovoked CRTT score in that it correlated 
comparably to both self-reported reactive and proactive 
aggression, as well as to the Exploitiveness/Entitlement and 
Superiority/Arrogance subscales of grandiose narcissism. 
The lack of a unique relationship between CRTT unpro-
voked aggression and self-reported proactive aggression 
can likely be ascribed to the fact that the latter construct 
incorporates a reward-driven focus that is less pronounced 
in the CRTT. It would be interesting for future studies to 
further address the external validity of the two CRTT scores 
by assessing their correlations with other real-world behav-
ioral aggression outcomes (e.g., violent crimes, antisocial 
behavior). To contribute toward making aggression assess-
ment more valid and standardized, we advise researchers 
using the 30-trial CRTT to apply our evidence-based scor-
ing method (i.e., averaging all preprovocation vs. all post-
provocation trials). We also advice researchers to preregister 
this intent. In contrast to the 30-trial version, the 25-trial 
CRTT version showed to be underlined by one single factor, 
clustering the duration and volume of both provoked and 
unprovoked trials, irrespective of whether these were pre-
ceded by win or lose experiences. This implies that unpro-
voked aggression can only be assessed in a valid way as a 
separate construct with the 30-trial CRTT version where 
multiple (in this case, seven) unprovoked trials are pre-
sented to participants, before switching to provoked 
aggression.

All EFA findings indicate that both duration and volume 
load on the same factor. This is in line with the only other 
sufficiently powered principal component analysis report 
which also delineated duration and volume as indicators of 
a single component (Chester & Lasko, 2019) and with 
reports of high intercorrelations between duration and vol-
ume levels (e.g., Hahn-Holbrook et al., 2011). However, 
preliminary findings from a previous study puzzle in sug-
gesting that only noise duration is related to increased 

planning abilities and verbal intelligence (Ferguson et al., 
2008). Clearly, more studies are needed to determine which 
correlates are shared by CRTT volume and duration scores. 
The factors derived from Chester and Lasko (2019)’s data 
deviates from our findings in that their data did not support 
differentiating unprovoked from provoked trials (i.e., only 
one factor was found). This outcome is probably due to the 
fact that the first trial in Chester and Lasko (2019)’s CRTT 
version was based on the opponent setting maximum vol-
ume and duration right away, which renders the assessment 
of unprovoked aggression impossible and contrasts with 
our 30-trial CRTT version with started with several unpro-
voked (i.e., duration and volume 0) trials.

Suggestions for Future Studies

While it is generally assumed to be crucial for the validity 
of the CRTT that participants believe its cover story, sys-
tematic research on how to (a) best effectuate this and (b) 
assess the impact of believe in the cover story on research 
findings is currently lacking. The most effective way to 
maximize the likelihood that participants believe in the 
actual presence of an opponent is to introduce participants 
to real-life confederates before initiating the CRTT. This 
implies extensive training of the confederates to ensure 
that they act equally toward each participant. Using this 
method of social deception in our lab enabled us to entirely 
avoid dropout due to disbelief in the cover story 
(Dambacher et al., 2014), compared with the usual 3% to 
10%. In case resources do not allow for the physical pres-
ence of confederates (i.e., restricted budget or availability 
of confederates), the likelihood that participants believe in 
the actual presence of an opponent can be maximized by 
(a) urging the participant to start the CRTT because the 
opponent is waiting; (b) telling the participant that the 
opponent is late and, therefore, cannot be introduced to the 
participant; (c) having the participant “overhear” the 
experimenter giving instructions to the other opponent in 
an adjunct room by talking loud or using an audiotape; (d) 
leaving some belongings (jacket/bag) of the “opponent” in 
the hallway; and/or (e) introducing the participant to the 
opponent via a webcam or a supposedly previously taken 
picture. An important avenue for future research is to 
empirically assess the impact of participants actually 
meeting an opponent, or of other actions to increase the 
believability of actual presence of an opponent on decep-
tion belief. Such studies could randomly assign partici-
pants to a condition where they physically meet their 
opponent versus where efforts are maximized to convince 
participants of the presence of an opponent without a 
physical encounter, and compare these conditions with a 
condition in which no credibility measures are imple-
mented. Furthermore, at the end of any CRTT study, par-
ticipants should be carefully probed for suspicion about 
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the cover story. In our experience, it is important to use 
open and vague probing questions (e.g., “What was your 
impression about your opponent?” “Are there any other 
things that you noticed about the opponent or the experi-
ment?”) to avoid participants becoming suspicious by the 
questions themselves. We always have two raters catego-
rize the participants as either nonsuspicious (i.e., partici-
pants do not report any doubt about the presence of an 
actual opponent), possibly suspicious (i.e., participants 
express doubts about whether an opponent was actually 
there; participants mention they might have been playing 
against a computer), or suspicious (i.e., participants report 
to be sure that there is no real other opponent). As the 
impact of excluding suspicious participants from data 
analyses has not been systematically addressed, the best 
way for now seems to report data both in- and excluding 
(possibly) suspicious participants in order to be transpar-
ent about respective effects on the findings. Studies com-
plying with this suggestion (e.g., Gitter et al., 2013; 
Lobbestael et al., 2014) found that excluding suspicious 
participants did not or only marginally impacted the find-
ings. Future studies are needed that empirically address 
how much knowledge on the side of the participants is 
acceptable. A final general recommendation for CRTT 
studies is to include a sufficient number of participants. A 
recent review on the CRTT-personality relationship (Hyatt 
et al., 2019) pointed out that many CRTT studies are 
underpowered to assess bivariate relationships, let alone 
interaction effects (see also Hyatt et al., 2019).

Strengths and Limitations

To our knowledge, no previous study has resorted to the 
factor-analytic approach of analyzing CRTT data using suf-
ficiently large samples, which we employed in this article. 
We, nevertheless, want to proactively acknowledge the lim-
itations of this project. A first limitation concerns the fact 
that the discovered factor structure is based on our eight 
studies all using the same volume, duration, and win/loss 
CRTT settings. Recently, Elson et al. (2014) assessed 
whether CRTT outcomes could be explained by the oppo-
nent’s volume, duration and win/lose settings in the previ-
ous trials and concluded that around one third of the 
variance of participant’s responses was explained by such 
consecution effects. Likewise, Anderson et al. (2004) 
showed that ambiguous noise pattern led to significantly 
different CRTT responses compared with increasing noise 
patterns. Whether the same factor structure underlies CRTT 
versions with different specifications is an open empirical 
question. The second limitation of the current study is the 
use of a predominantly male Caucasian sample. Replications 
in more gender- and culture-balanced samples are, there-
fore, needed.

Implications

The use of valid aggression assessment has crucial implica-
tions for the clinical, forensic, and medical field. Ben-
Porath and Taylor (2002), for example, randomly assigned 
participants to either a diazepam administration or placebo 
condition and had them engage in the CRTT and concluded 
that diazepam-intoxication caused increased aggression. 
Likewise, a substantial part of studies on the impact of vio-
lent media on aggressive acts is based on the CRTT 
(Anderson et al., 2010), so the quality of expert witness’ 
defenses inherently depends on the reliability and validity 
of behavioral aggression assessment. Until we improve our 
standards of aggression assessment—echoing Elson et al. 
(2014) and Ferguson and Rueda (2009)—we warn of draw-
ing premature implications based on CRTT studies.

Conclusion

In conclusion, the current study addressed and pinpointed sev-
eral prominent threats to the validity of behavioral aggression 
assessment using the CRTT. These include large variabilities 
in cover stories, trial specifications, and outcome quantifica-
tion strategies. Admittedly, it is precisely this versatility that 
makes the CRTT an appealing research tool for many distinct 
subtopics within the field of aggression research. Nonetheless, 
it is our task as researchers to retain a critical attitude toward 
its validity. Our factor analytic findings support the superior-
ity of one of the existing CRTT scoring methods for the 
30-trial versions, that is, averaging all preprovocation versus 
all postprovocation trials. By providing researchers with an 
empirically derived scoring method, an online administration 
tool, concrete recommendations for using the CRTT, and ave-
nues for future research, we want to contribute to further stim-
ulate and ameliorate accurate and standardized behavioral 
aggression assessment.
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