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the aggression (Brett et al., 2023; Van Berkel et al., 2018). 
Although research on sibling aggression is expanding, there 
is debate about the best methods for valid assessment. The 
large majority of studies on sibling aggression uses self-
report measures (Brett et al., 2023; Fite et al., 2021; Ingram 
et al., 2020; Van Berkel et al., 2018), which may have limited 
ecological validity due to social desirability, memory bias, 
and possible problems with correctly identifying incidents 
due to a relatively high tolerance for aggression in sibling 
relationships (Tucker et al., 2025). The present study inves-
tigates the validity of a newly developed interactive Virtual 
Reality (VR) experiment for assessing sibling aggression.

One of the main challenges in the field of studying 
aggression, is the difficulty of capturing aggression in an 
ecologically valid manner. The handful of studies that 
investigated aggression between siblings thus far, assessed 
aggression primarily through self- or parent-report, with the 
limitations of reporter bias and social desirability (Kirsch 

Sibling aggression is the most common form of domestic 
violence and has been associated with child and adoles-
cent mental health problems and delinquency (Van Berkel 
et al., 2018). Sibling aggression is often not recognized as 
being more harmful than normative sibling conflict (Perkins 
& Grossman, 2020). However, sibling aggression refers to 
clinically significant levels of violence, resulting in physi-
cal, psychological or social harm (Ingram et al., 2020). 
Moreover, research suggests that aggression among siblings 
is related to aggression in other contexts, that it is stable 
over time (Fite et al., 2021), and increases the risk of delin-
quency both for siblings subjected to as siblings exhibiting 
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Abstract
Sibling aggression is the most common form of domestic violence, which can have a negative impact on both child and 
adolescent mental health. The few previous studies that investigated aggression between siblings, assessed aggression 
primarily through self- or parent-report, with the limitation of reporter bias. The current study examined whether an 
interactive Virtual Reality (VR) experiment can provide a valid assessment of adolescents’ aggressive responses towards 
their sibling by testing congruence with other similar measures and by examining associations of known risk factors for 
sibling aggression with the aggression observed in the VR experiment. Pairs of young adolescent siblings (N = 26; aged 
8–15 years) were invited to the lab to complete several questionnaires and participate in a custom-made interactive VR 
experiment. In the VR experiment, participants interacted with their virtual sibling both verbally and physically. Partici-
pants’ responses to the virtual sibling’s behavior, designed to provoke anger and aggression, were observed during two 
different VR scenarios. Results showed that observed aggression as measured in the VR experiment was related to self-
reported aggression, but not to parent- or sibling-reported aggression. Individual factors (e.g., behavioral problems) or 
sibling factors (e.g., age difference between siblings) were not related to observed aggression. Of the investigated family 
factors, only the perceived quality of the father-child relationship was associated with observed aggression. Despite the 
limited alignment with parent- and sibling-reported aggression, these findings highlight the potential of VR-based assess-
ments to complement self-report methods, emphasizing the need for a multimethod approach to capture the complexities 
of sibling aggression.
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et al., 2024; Lawrence et al., 2023). Studies assessing 
aggression in other contexts (including aggression in peer 
groups or at school) often use questionnaires, vignettes or 
computer experiments which may induce bias due to a lack 
of immersion, adaptation, and ecological validity (Verhoef 
et al., 2022). Similar concerns have been raised regarding 
using self-report and observations to assess aggression. 
For instance, ethnic differences seem to impact self-report 
and cultural biases may impact observation (Lampe et al., 
2023). Further, given informant discrepancies on measures 
of aggression in children (Perry et al., 2021), a multimethod 
approach may be warranted. Implementing an interactive 
VR experiment could overcome several of these issues and 
shows promise for validly assessing aggression in youth 
(Verhoef et al., 2022).

First, compared to questionnaires or vignettes, a VR 
experiment may enhance the immersion (sense of being 
there) of adolescents in social situations with their (vir-
tual) sibling, potentially evoking aggressive responses. This 
approach appears to be more ecologically valid for assess-
ing aggression, as observing adolescents’ primary responses 
in provocative situations may prevent them from giving 
socially desired answers in questionnaires or vignettes. This 
seems to be corroborated by a recent study that used VR 
to assess aggression in children, which found that their VR 
experiment was more sensitive to capture individual dif-
ferences in aggressive responding compared to vignettes 
(Verhoef et al., 2022). Furthermore, supporting convergent 
validity, they found small to large significant correlations 
between anger, hostile intent attribution, revenge goals, and 
aggressive responding measured in a VR experiment and 
with vignettes. Second, interactive VR provides meticulous 
experimental control, facilitating standardized scenarios 
across participants while being able to fine-tune the scenario 
to the responses of the participant and to adhering ethical 
protocols by regulating social events within the VR environ-
ment (Verhoef et al., 2022). Using VR may therefore be the 
way to move forward in assessing sibling aggression, next 
to questionnaires and/or vignettes. In the current study, we 
investigated whether aggression measured in a newly devel-
oped VR experiment was related to aggression measured 
through self-report, parent-report, and sibling-report to gain 
insight into the convergent validity.

In addition, we investigated construct validity by exam-
ining associations between sibling aggression measured in 
the VR experiment with child and family factors which have 
been associated with sibling aggression in previous studies 
(Brett et al., 2023; Tippett & Wolke, 2015). Sibling aggres-
sion is embedded in the family system, and previous studies 
have shown that family factors are related to the develop-
ment of sibling aggression. For instance, it is suggested that 

high levels of conflict between parents (including interpa-
rental violence), parental differential treatment, and a hostile 
or abusive parent-child relationship may be risk factors for 
the development of sibling aggression and abuse (Ingram et 
al., 2020; Loeser et al., 2016; Portner & Riggs, 2016; Van 
Berkel et al., 2018; Wolke & Lereya, 2015). On the other 
hand, family factors may function as protecting factors. For 
instance, it has been found that positive parent-child rela-
tionships may have a positive effect on sibling relationships 
(Portner & Riggs, 2016).

Other studies suggest that individual risk factors are 
associated with the development of sibling aggression. For 
instance, forms of internalizing behavior problems (such 
as depressive symptoms) and externalizing behavior prob-
lems (including substance abuse) seem to be related to sib-
ling aggression (Lawrence et al., 2023). The link between 
internalizing problems and sibling aggression is further 
supported by theories on how anxiety influences aggres-
sion during childhood (Granic, 2014). In addition, gender 
and sibling gender combination has been associated to sib-
ling aggression. However, results on gender and sibling 
factors are somewhat inconsistent (Kirsch et al., 2024). For 
instance, even though previous studies found that same-
gender sibling dyads showed increased conflict compared 
to mixed-gender sibling dyads (Hehman et al., 2023), a 
recent study did not find a difference between brothers and 
sisters for sibling aggression (Kirsch et al., 2024). Despite 
the inconsistent findings, these factors might still shed 
light on the construct validity and antecedents of sibling 
aggression.

The aim of the current study is to investigate the utility of 
an interactive VR experiment as a means of assessing ado-
lescents’ aggressive tendencies within the dynamics of sib-
ling relationships. As this is a newly developed experiment, 
we conducted a first-phase pilot, in which we assessed the 
convergent validity. We expected that the level of aggres-
sion between siblings as measured by the VR experiment 
would be related to (a) self-reported aggressive responses 
to the sibling in hypothetical situations using vignettes, (b) 
parent report of child aggression using a questionnaire, (c) 
sibling report of aggression of the adolescent towards this 
sibling using a questionnaire, and (d) self-reported aggres-
sion between siblings using a questionnaire. A secondary 
goal of this study was to examine whether sibling aggres-
sion as measured in a VR experiment is related to individual 
and sibling factors (age difference between siblings, gender 
composition, and behavioral problems), and to family fac-
tors (parental conflict, differential treatment, and parent-
child relationship). This was investigated to provide insight 
in both the antecedents of sibling aggression and the con-
struct validity of the VR experiment.
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Method

Sample

Young adolescents between the ages of 8 and 15 years were 
recruited from four schools, a (non-clinical) youth associa-
tion, and an out-of-school care setting in nearby cities of the 
Leiden University in the Netherlands. The adolescents were 
provided with a presentation of the study, during which they 
could ask questions about participation. In addition, they 
received a flyer containing a QR-code, which they could 
scan to register online for participation when their sibling 
and one of their parents wanted to participate as well. Fur-
thermore, parents were informed about the study through 
the digital newsletter of the respective school or organiza-
tion, including a link for online registration. Adolescents 
were eligible to participate with their sibling, if their sib-
ling (a) was aged between 8 and 15 years as well, (b) was 
biologically related to them (full or half), and (c) primarily 
lived in the same household. Due to concerns about homo-
geneity, as previous studies have suggested that sibling 
relationship quality may differ between siblings based on 
duration of co-residence, age difference, and genetic relat-
edness (Perry & Price, 2017; Sanner et al., 2018; Tanskanen 
& Danielsbacka, 2021) stepsiblings, adoptive siblings, and 
foster siblings as well as twin siblings were excluded from 
participation. Participants who could not understand the 
Dutch language were excluded, as all questionnaires had 
to be filled out in Dutch. Adolescents with severe psycho-
logical problems were excluded, as we aimed to include a 
general population sample. In addition, parents were asked 
whether there were any conditions that could impede par-
ticipation in the VR experiment such as adolescents hav-
ing photosensitive epilepsy, or serious visual or auditory 
impairments (Alsem et al., 2023). If parents indicated any 
impeding condition adolescents would be excluded. Prior to 
participation, informed consent was obtained from the par-
ticipating parents and participating siblings aged 12 years 
or older. Participating siblings younger than 12 years old 
provided informed assent.

Twenty-six adolescents and one of their siblings were 
included in the current study, resulting in a total sample of 
52 adolescents. This sample size was considered adequate 
to test both our hypotheses, as indicated by the a priori 
power analyses conducted in G*power 3.1.9.7 (Faul et 
al., 2009). The minimum required sample size for a linear 
regression: random model, with power 0.80 and α = 0.05 
for detecting a medium effect was N = 42 for a model with 
three predictors and N = 49 for a model with five predictors. 
The older siblings of the participating sibling dyads were 

between 10.9 and 15.6 years old (M = 13.2, SD = 1.1) and 
the younger siblings were between 8.6 and 14.4 years old 
(M = 10.9, SD = 1.2). Of the older siblings 58% (N = 15) 
identified as male and the remaining 42% (N = 11) identified 
as female. Of the younger siblings 42% (N = 11) identified 
as male and the remaining 58% (N = 15) as female. The dis-
tribution of sibling gender configuration of the participating 
dyads was as follows: 5 boy-boy (19%), 5 girl-girl (19%), 
10 older boy-younger girl (39%), and 6 older girl- younger 
boy (23%). All participants were biological (full) siblings 
and the majority lived with both biological parents (81%). 
Parents of the remaining 19% were divorced and the ado-
lescents lived with each parent alternately. All participating 
parents were the biological parent of the adolescents and 
the majority identified as female (85%, 12% identified as 
male and one parent identified as having another gender). 
All adolescents regarded one of their parents as their father 
and one of their parents as their mother. Most of the sibling 
dyads had no other siblings, but 27% had one to three addi-
tional siblings. The sample was of a high educational level, 
with 54% of the sibling dyads having one parent with a high 
educational level (academic or higher vocational school-
ing) and 35% of the sibling dyads having both parents with 
a high educational level. All adolescents were born in the 
Netherlands and 23% of the sibling dyads had at least one 
parent that was born outside the Netherlands.

Procedure

The sibling dyads and one of their parents were invited to 
the university lab. Both siblings of each dyad individually 
participated in a custom-made interactive Virtual Reality 
(VR) experiment designed to assess aggression. In addition, 
they individually completed several digital questionnaires 
and answered some questions in response to video vignettes. 
Participants were filmed when conducting the VR experi-
ment and the video vignettes, so that their verbal and behav-
ioral responses could be coded afterwards. The order of the 
tasks for the older and the younger sibling was counterbal-
anced between families. Furthermore, the parent completed 
several digital questionnaires on family demographics and 
child behavioral problems. During the lab sessions the three 
family members had no contact and completed the tasks in 
separate rooms. After finishing the data-collection, 15 gift 
vouchers worth 50 euros were raffled among the participat-
ing sibling dyads (i.e., a voucher of 25 euro per sibling). The 
study was pre-registered (AsPredicted# 90956) and ethical 
approval was provided by the Research Ethics Committee 
of the Institute of Education and Child Studies of Leiden 
University (registration number ECPW2021/333).
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Directly after the VR experiment, participants were 
asked if they liked interacting with their sibling in the VR 
environment. Further, they were asked if they found the 
VR experiment realistic, whether they had noticed any-
thing strange, and whether their sibling acted and responded 
the way they would normally do. The responses on these 
questions were used as indicators of whether participants 
believed that they were indeed interacting with their sibling 
in de VR experiment and thus whether the manipulation was 
successful. Based on their answers two coders indicated 
whether the manipulation was successful (yes or no). After 
answering these questions, participants were debriefed. All 
participants enjoyed the VR experiment and none of the par-
ticipants showed any signs of anger towards their sibling or 
towards the research assistant after the debriefing.

Measures

Observed Aggression in VR

Video recordings of the participants’ verbalizations and 
behaviors during the two competition scenarios of the VR 
experiment were double coded by two trained coders. The 
real-life behaviors of the adolescents were coded irrespec-
tive of whether the behavior was visible in the virtual real-
ity. For example, some participants stuck out their tongue to 
their sibling or tried to kick down the tower of their sibling, 
although this is virtually not possible and the act was not 
visible in the VR the behavior was coded as aggression. To 
measure aggression, a coding system based on Kempes et 
al. (2008) was used. In line with previous studies (Kempes 
et al., 2008; Verhoef et al., 2022), aggression was coded as 
sibling-directed physical aggression (e.g. throwing an object 
to the virtual sibling, hitting or kicking the virtual sibling), 
psychological aggression (e.g. sticking out tongue to virtual 
sibling, scolding, insulting or bullying virtual sibling), or 
task-directed aggression (sabotaging the game of the virtual 
sibling e.g. by destroying the virtual sibling’s tower or by 
stealing the virtual sibling’s balls or blocks). This resulted 
in three measures of aggression reflecting the total frequen-
cies of observed physical, psychological, and task-directed 
aggression in the two VR scenarios. Interobserver reli-
ability was moderate for sibling-directed aggression with 
intraclass correlations (single rater, absolute agreement) for 
physical aggression of 0.52 and for psychological aggres-
sion 0.53. The moderate interobserver reliability was likely 
due to the small number of video fragments and the limited 
number of observations of physical and verbal aggression, 
which caused small deviations between coders to consid-
erably affect the reliability. For task-directed aggression 
interobserver reliability was good with an intraclass corre-
lation (single rater, absolute agreement) of 0.82. To improve 

Virtual Reality Paradigm

The interactive VR experiment was developed based upon 
licensed software of a VR company (CleVR) in combination 
with a newly developed paradigm (adapted from Alsem et 
al., 2023). The VR experiment consisted of three immersive 
environments in which participants could interact with their 
virtual sibling, both verbally and physically. Participants 
wore a head-mounted display, a noise-cancelling head-
phone and held a controller in each hand. They could walk 
around freely (within a 3 m2 area), and they could move 
and manipulate objects in the virtual environment with their 
controllers. Participants were told that, unlike video games, 
interaction in the VR experiment followed the same rules as 
everyday life. They choose an avatar that resembled their 
sibling in the virtual environment and were made to believe 
that this avatar was controlled by their sibling from another 
room in the lab. In reality, a trained research assistant con-
trolled the avatar.

The VR experiment consisted of three scenarios which 
were presented to the participants in fixed order. Before 
starting each scenario, participants entered a waiting room 
(envisioned as a small garden of a family house) in which 
they could get familiarized with the virtual environment 
and where they received the first instructions for the game 
they were about to play with their sibling when entering the 
scenario. In the first scenario participants sat on a couch 
in a living room with their virtual sibling and were told 
that they could watch television programs together. This 
first scenario was a neutral setting in which the partici-
pants could practice with the controllers. In the two other 
scenarios participants played a competitive game against 
their virtual sibling on a playground: (1) building the high-
est tower of blocks within 30 s and (2) hit all cans from a 
table within as few throws as possible, with a maximum of 
five throws. Participants were told that the winner of the 
game would get 5 euros. The research assistant controlled 
the games in such a way that it was impossible for the par-
ticipant to win. Furthermore, the virtual sibling showed 
behavior that could provoke anger and aggression in the 
participant, by frustrating the game of the participants 
(knocking down the tower of blocks) or teasing the par-
ticipant (for example by stating that the participant was not 
performing well and would definitely lose the game). The 
first provocations were provided to all participants in the 
same manner, to facilitate comparison between individu-
als. After these scripted provocations, the research assistant 
could adjust the responses of the virtual sibling to the par-
ticipant’s behavior. The duration of these scenarios was on 
average 0:56 min (SD = 0:22 min, range = 0:25 ~ 3:07 min). 
Participants’ verbal and behavioral responses in these two 
scenarios were coded (see measures).
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Adolescents filled out this questionnaire twice. First, they 
indicated on a 7-point Likert scale ranging from never (1) 
to more than ten times in the past year (7), whether they 
showed specific behaviors during conflicts with their par-
ticipating sibling (self-report). Subsequently the adolescents 
indicated whether their participating sibling showed these 
specific behaviors during mutual conflicts (sibling-report). 
Internal consistencies ranged from α = 0.73 to α = 0.87 for 
physical assault and from α = 0.71 to α = 0.91 for psycho-
logical aggression. For each sibling separate scores were 
computed for physical and psychological aggression and 
for self-report and sibling-report by calculating mean scores 
with a possible range of 1 to 7.

Individual and Sibling Factors

Behavioral Problems  Externalizing and internalizing 
behavioral problems were measured with the Child Behav-
ioral Checklist (CBCL 6–18; Achenbach, 2009; Verhulst et 
al., 1996). A sum score was computed on all 35 items of 
two subscales on externalizing behavior (i.e., rule-breaking 
behavior, aggressive behavior; possible range 0–70). Simi-
larly, a sum score was computed on the 32 items of the three 
subscales concerning internalizing behaviors (i.e., anxious/
depressed, withdrawn/depressed, and somatic complains; 
possible range 0–64). Internal consistencies were adequate 
for both the older sibling αexternalizing = 0.87, αinternalizing = 0.75 
and the younger sibling αexternalizing = 0.88, αinternalizing = 0.78.

Characteristics Sibling Dyad  To examine whether character-
istics of the sibling dyad were related to observed aggres-
sion in the VR experiment, the age difference between the 
participating siblings was computed in months. Sibling 
gender combination was created as a binary measure with 
a category for same gender siblings and for different gen-
der siblings, as comparing all four groups of sibling gender 
combinations was not possible due to the small sample size.

Family Factors

Interparental Violence  The subscales verbal aggression (6 
items) and minor physical assault (3 items) of the Conflict 
Tactics Scale (CTS; Straus et al., 1996) were used to mea-
sure interparental violence in two-parent families. Parents 
indicated whether they or their partner showed the described 
behaviors and how often they showed this behavior within 
the past 12 months on a 7-point Likert-scale (1 = this never 
happened, 2 = not in the past year, but it happened before, 
3 = once in the past year to 7 = happened more than ten times 
in the past year). Parents who indicated that they currently 
had no partner did not fill out the CTS (N = 5). For almost all 
parents who indicated they had a partner, this partner was the 

coding, all scenarios in which there was disagreement 
between the two coders were re-coded by the first author, 
who is an experienced coder of sibling interactions.

Vignette-based Aggressive Response in Social Situations

Aggressive responses in social situations with the participat-
ing sibling were measured with three video vignettes of hypo-
thetical social problems of the Social Information Processing 
Test (SIPT; Van Rest et al., 2020). Adolescents were instructed 
to watch each video while imagining that they and their par-
ticipating sibling were two of the actors in the specific situ-
ation. After viewing each vignette on a laptop, adolescents 
were asked how they would respond if the event would occur 
between them and their sibling. Research assistants coded 
the responses of the adolescents as being assertive, aggres-
sive or passive (Van Rest et al., 2020). The task was filmed 
and the responses of the adolescents were double coded by 
the first and second author. Inter-rater reliability kappa’s 
for the three videos were moderate (κ = 0.50), to substantial 
(κ = 0.78 κ = 0.80). The moderate kappa for one of the video 
scenarios was due to a misinterpretation of the coding system 
by one of the research assistants, which resulted in a system-
atic deviation between her coding and that of the other raters. 
Interrater reliability without these specific codes resulted in 
an adequate kappa of 0.72. The first author checked all dis-
similarities between the two ratings, by watching the videos a 
second time and deciding on which code to use. To compute a 
total score for aggressive responses towards the participating 
sibling the number of aggressive responses was counted with 
a possible range of 0 to 3.

Parent-reported Aggression

The 18-item aggression subscale of the Child Behav-
ior Checklist (CBCL 6–18) was used to measure parent-
reported aggression (Achenbach, 2009; Verhulst et al., 
1996). The participating parents indicated for both partici-
pating children individually whether they observed any of 
the described behaviors in the last six months on a three-
point scale (0–2). A total score was calculated using a sum 
score with a possible range from 0 to 36. The internal con-
sistency was good for both the older sibling α = 0.89 and the 
younger sibling α = 0.86.

Self-reported and Sibling-reported Aggression between 
Siblings

Aggression between siblings was measured with the sub-
scales minor physical assault (5 items) and psychological 
aggression (7 items) of the sibling version of the Con-
flict Tactics Scale (CTS-SP; Carvalho Relva et al., 2013). 
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internalizing behavior and both maternal as paternal differ-
ential affect contained one or two outliers on the high end 
of the scales. These outliers were winsorized to fall within 
the accepted range, aligning them with a normal distribu-
tion (Tabachnick et al., 2013). After winsorizing these outli-
ers these variables were positively skewed (with skewness 
ranging from 1.38 to 2.41) as can be expected in a general 
population sample. All other measures were normally dis-
tributed and none of the variables contained missing values.

To investigate the validity of the interactive VR experi-
ment in assessing aggression between siblings, associations 
between vignette-based aggressive responses in social situ-
ations, aggression between siblings (self-report and sib-
ling-report), parent-reported aggressive behavior and the 
three measures of observed aggression in the VR experi-
ment were computed. Subsequently these associations were 
tested while controlling for three covariates in separate 
analyses: age and gender of the participant, and whether the 
manipulation of the VR experiment was successful. To test 
associations between sibling aggression and individual, sib-
ling, and family factors with a concise number of analyses, 
a sum score of the three measures of observed aggression 
was computed and two additional models were analyzed: 
one including individual and sibling factors and one includ-
ing family factors.

To account for the nesting of siblings within families, 
we investigated the influence of the nesting on the out-
come measures by estimating two-level multilevel mod-
els, using the Linear Mixed-effects model in SPSS 29.0. 
Intra-class correlation of the unconditional model (i.e., the 
model without predictors) was 0.24 for physical aggres-
sion, 0.14 for psychological aggression and 0.05 for object-
directed aggression, indicating that 5–24% of the variance 
in observed aggression was explained by within-family 
variance between siblings. Given that a considerable por-
tion of the variance was explained by the nesting of siblings 
within families, multilevel analyses with a random intercept 
were conducted to test the hypotheses. All variables were 
standardized before adding them to the multilevel analy-
sis, so estimates could be interpreted as betas. Maximum 
likelihood was used when estimating the multilevel models 
to compare differences in −2 log likelihood (−2ΔLL) as an 
indicator for improved model fit.

Results

Descriptive Statistics

Descriptive statistics of all measures of aggression, the three 
covariates (gender, age, and successfulness manipulation 
VR), the variables concerning family and individual factors 

other biological parent of the children, only in one family the 
partner was a stepparent. A mean score was computed (possi-
ble range 1–7) with higher scores indicating more aggression 
between parents. Internal consistency was adequate α =. 75.

Parent-Child Relationship Quality  All participating ado-
lescents completed the child version of the Parent-Child 
Interaction Questionnaire Revised (PACHIQ-R) twice (all 
participants indicated to report on their father and their 
mother) as a measure of parent-child relationship quality 
(Lange et al., 2002). Adolescents indicated on a 5-point 
Likert scale (ranging from 1 = never to 5 = always) to what 
extent the statements were applicable. Mean scores for 
fathers and mothers were computed of all 25 items con-
cerning perceived parental acceptance and conflict resolu-
tion. Internal consistency was good for the older sibling 
αmother = 0.85, αfather = 0.90 and ranged from adequate to 
good for the younger sibling αmother = 0.79, αfather = 0.89.

Perceived Differential Parenting  To measure differen-
tial treatment of siblings by their parents, the five items 
of the subscale measuring affection of the Sibling Inven-
tory of Differential Experience (SIDE; Daniels & Plomin, 
1985) was filled out by both siblings on their father and 
their mother. To gain an indication of the extent of differ-
ential affection, rather than the extent to which one child 
was favored over the other, the absolute deviation from 
equal treatment was computed (see Feinberg et al., 2003). 
Therefore, the answers on the 5-point Likert scale (1 = much 
better for my sibling than for me, 2 = a bit better for my sib-
ling, 3 = similar for the both of us, 4 = a bit better forQuery 
ID="Q5" Text="The citation(s) (Feinberg et al., 2003) is 
present in the text, but reference is missing in the reference 
section. Could you please provide the reference or delete 
the text citation." Resolved="yes" me, 5 = much better for 
me than for my sibling) were recoded with 0 = equal treat-
ment (original score 3), 1 = a bit different (original scores 
2 and 4), and 2 = clearly different (original scores 1 and 5). 
Mean scores, with a possible range from 0 to 2, for fathers 
and mothers separately were computed for each sibling. The 
internal consistency was adequate for the older sibling con-
cerning father αfather = 0.79 and questionable for the items 
concerning mother αmother = 0.61. For the younger sibling, 
the internal consistency was good concerning both parents 
αmother = 0.77, αfather = 0.87.

Analyses

All variables were inspected for possible outliers, defined as 
values outside a 3.29*SD range around the mean (Tabach-
nick et al., 2013). All three measures of observed aggres-
sion in the VR experiment, parent-reported aggression, 
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Finally, self-reported aggression was related to aggres-
sion as measured by the VR experiment. Observed physi-
cal aggression was positively related to both types of 
self-reported aggression towards the sibling. In addition, 
observed task-directed aggression was positively related to 
self-reported psychological aggression towards the sibling.

Associations between Reported and Observed 
Aggression including Covariates

To assess the stability of the associations between reported 
aggression and observed aggression in the VR experiment, 
all six multilevel models for the three measures of observed 
aggression were repeated, while controlling for one of the 
three covariates. These analyses showed similar results as 
the bivariate multilevel analyses with significant associa-
tions for observed physical aggression with both physical 
(βcontrolled for age = 0.29, p =.037; βcontrolled for gender = 0.29, p =.039; 
βcontrolled for successfulness manipulation VR = 0.30, p =.031) and psycho-
logical (βcontrolled for age = 0.34, p =.017; βcontrolled for gender = 0.31, 
p =.025; βcontrolled for successfulness manipulation VR = 0.42, p =.004) 
self-reported aggression towards the sibling. In addition, 
observed task-directed aggression remained positively 
related to self-reported psychological aggression towards 
the sibling when controlling for age (β = 0.27, p =.049) 
and successfulness of the manipulation (β = 0.33, p =.025) 
but was no longer significant when controlling for gender 
(β = 0.27, p =.054). Overall, these multivariate analyses 
showed that the results were rather stable.

Associations between Individual, Sibling, and 
Family Factors and Observed Aggression

Finally, associations between individual, sibling, and family 
factors and observed aggression in the VR experiment were 
analyzed. To limit the number of analyses the three measures 
of observed aggression were summed into one measure of 
total observed aggression in the VR experiment. To prevent 
overfitting the analysis or running an underpowered analy-
sis, we decided to not include all predictors into one model. 
Instead, the associations with individual, sibling, and family 
factors were tested in two multilevel models (Table 3). One 
model testing the most proximal factors directly related to 
the siblings involved and the second model testing the more 
distal family factors. The model testing associations with 
individual and sibling characteristics showed no significant 
association between these factors and observed aggression 
in the VR experiment.

The model testing family factors including interparen-
tal violence included only two-parent families (N = 42), 
therefore the model was also run without interparental 

are presented in Table  1. Most participants showed some 
form of aggression during one of the VR scenario’s (65%, 
N = 34). This percentage is comparable to the 62% (N = 32) 
of participants that indicated to respond with aggression in 
one of the vignettes of the SIPT. Moreover, all three forms 
of aggression that were observed during the VR experiment 
had, despite the low means, a considerable range with phys-
ical aggression ranging from 0 to 8 events (after winsoriz-
ing: M = 0.27; SD = 0.60), psychological aggression ranging 
from 0 to 13 events (after winsorizing: M = 0.86; SD = 1.78), 
and task-directed aggression ranging from 0 to 15 events 
(after winsorizing: M = 1.73; SD = 2.01).

Both physical and psychological aggression towards a 
sibling were reported frequently by both older and younger 
siblings regarding their own as well as their siblings’ behav-
ior, with 73% (N = 19) of the older siblings and 81% (N = 21) 
of the younger siblings indicating to have used physical 
aggression towards their sibling at least once in the past 
year. For psychological aggression these percentages were 
89% (N = 23) for the older siblings and 92% (N = 24) for the 
younger siblings. Parent report indicated relatively low lev-
els of child aggression, child problem behavior, and interpa-
rental violence, as can be expected in a general population 
sample (Table  1). Adolescents were on average positive 
regarding their relationship with their parents and reported 
only minimal differential parenting (Table 1).

Bivariate associations between Reported and 
Observed Aggression

To assess the convergent validity of the VR experiment, 
associations between vignette-based, parent-reported, sib-
ling-reported, and self-reported aggression and each of the 
three measures of observed aggression in the VR experi-
ment were tested. This resulted in six separate multilevel 
models of which the results are presented in Table 2.

First, vignette-based aggressive responses were not 
related to VR assessed aggression. Second, none of the 
VR measures of aggression were significantly related to 
parent-reported aggression or sibling-reported aggression 
(see Table 2). Notably, the model for observed task-directed 
aggression as measured by the VR experiment predicted 
by sibling-reported psychological aggression towards the 
sibling did not achieve convergence, indicating that the 
model poorly fitted the data and that the result may not be 
valid. The result of this multilevel model was, however, 
similar to results of Pearson correlation analyses between 
task-directed aggression and sibling-reported psychologi-
cal aggression, r (51) = 0.19, p =.19. Therefore, we chose, 
despite its problem with achieving convergence, to include 
this model in Table 2.
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Table 1  Descriptive statistics of older and younger siblings
Total
(N = 52)

Older sibling
(N = 26)

Younger sibling
(N = 26)

M (SD) M (SD) M (SD)
Age 12.0 (1.64) 13.21 (1.06) 10.86 (1.23)
Age difference (in months) 2.35 (0.76) NA NA
Gender (% males (n)) 50% (26) 58% (15) 42% (11)
Same gender sibling dyad (% (n)) 39% (20) NA NA
Parent-reported aggression 3.60 (4.1) 3.69 (4.48) 3.54 (3.92)
Aggression in social situations (vignette) 0.81 (0.77) 1.04 (0.87) 0.58 (0.58)
Physical aggression towards sibling (Self) 2.56 (1.04) 2.45 (0.92) 2.67 (1.16)
Psychological aggression towards sibling (Self) 3.27 (1.15) 3.41 (1.52) 3.14 (1.18)
Physical aggression towards sibling (Sibling) 2.92 (1.52) 2.62 (1.40) 3.22 (1.60)
Psychological aggression towards sibling (Sibling) 3.52 (1.54) 3.16 (1.52) 3.87 (1.49)
Observed physical aggression (VR) 0.27 (0.60) 0.27 (0.60) 0.27 (0.60)
Observed psychological aggression (VR) 0.86 (1.78) 1.10 (2.17) 0.62 (1.27)
Observed task-directed aggression (VR) 1.73 (2.01) 1.73 (2.03) 1.73 (2.03)
Successful manipulation VR experiment (% (n)) 71% (37) 58% (15) 85% (22)
Child internalizing problems (parent report) 4.73 (3.87) 5.04 (3.68) 4.42 (4.10)
Child externalizing problems (parent report) 5.02 (5.42) 5.12 (5.54) 4.92 (5.41)
Inter-parental violence (parent report, n = 21) 1.67 (0.64) NA NA
Parent-child relationship quality
 Father 4.03 (0.43) 3.97 (0.46) 4.08 (0.41)
 Mother 4.02 (0.37) 3.99 (0.41) 4.05 (0.34)
Perceived differential affect
 Father 0.16 (0.21) 0.17 (0.21) 0.15 (0.22)
 Mother 0.15 (0.21) 0.13 (0.20) 0.17 (0.23)
NA = not applicable, ‘Self’ refers to self-report, ‘Sibling’ refers to sibling report, VR refers to the Virtual Reality experiment 

Table 2  Fixed effects of multilevel models for convergent validity of observed aggression in the VR experiment
Physical Aggression Psychological Aggression Task-directed 

Aggression
β −2ΔLL β −2ΔLL β −2ΔLL

Parent-reported aggression 0.08 0.31 0.13 0.81 0.05 0.71
Aggression in social situations (vignette) 0.05 0.12 0.09 0.45 0.21 2.39
Physical aggression towards sibling (self) 0.29* 4.53* − 0.04 0.07 0.04 0.09
Psychological aggression towards sibling (self) 0.32* 5.37* 0.18 1.63 0.27* 3.94*

Physical aggression towards sibling (sibling) 0.19 1.44 − 0.05 0.10 0.16 1.33
Psychological aggression towards sibling (sibling) 0.07 0.24 − 0.07 0.24 .19a 1.78a

* p <.05; a this model did not achieve convergence, indicating a poor model fit and possibly poor validity of the results. ‘Self’ refers to self-
report, ‘Sibling’ refers to sibling report, −2ΔLL refers to the difference in −2 log likelihood of the model presented and the unconditional model

violence (N = 52). The model without interparental vio-
lence showed equivalent results, therefore only the model 
with interparental violence is presented. The model with 
family factors showed that only the perceived quality 
of the father-child relationship was related to observed 
aggression, indicating that children who reported a higher 
quality of the relationship with their father showed less 
aggression towards their sibling in the VR experiment. 
However, given that the model did not show an improved 
fit compared to an empty model, we will interpret these 
results with caution.

Discussion

The current study aimed to gain insight into the usability of 
an interactive VR experiment as a means of assessing young 
adolescents’ aggressive tendencies towards their sibling. We 
expected that such experiment could be of added value to 
assess sibling aggression in an ecologically valid manner, in 
accordance to a similar approach in assessing peer aggression 
in children (Verhoef et al., 2022). As this is a newly devel-
oped experiment, we conducted a first-phase pilot, in which 
we assessed the convergent and construct validity. Supporting 
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controllers, this did not stop them from showing other behav-
iors which were not visible in the VR. Participant showed 
natural behavior, such as sticking out their tongue, kicking, 
and pointing to their sibling. This can be seen as an indica-
tion that the participants forgot that these behaviors would 
not show an effect in the VR, that immersion was successful 
and that they responded as they would have when interact-
ing with their sibling outside the virtual environment. The 
VR experiment thereby was successful in capturing reactive 
aggression and seemed sensitive to assess individual differ-
ences in aggressive responding. These findings are in line 
with the results in previous research (Verhoef et al., 2022), 
and highlight the potential of using VR experiments to assess 
aggression at clinical levels or in other contexts. This may 
be of interest for the juvenile justice system for example, in 
which assessment of aggression is part of risk assessment of 
recidivism in juvenile offenders (Viljoen & Vincent, 2024).

Contrary to expectations, parent- and sibling reported 
aggression were not significantly related to observed aggres-
sion, neither was vignette-based aggression. This may be 
explained by the different construct that was measured by 
parent-report, which assessed aggression in general instead 
of sibling aggression specifically. Furthermore, parents may 
underestimate the aggressive behavior between their chil-
dren (Barhight et al., 2017) or may be less sensitive to detect 
psychological aggression between their children. Simi-
larly, siblings may perceive aggressive behavior from their 
brother or sister as normative, and as a result may under-
report this behavior, which may explain the lack of asso-
ciations between aggression observed in the VR experiment 
and sibling reported aggression. With regard to vignette-
based aggression the lack of associations may be explained 
by that vignettes ask how participants imagine they would 
respond, which is often not necessarily similar to actual 
behavior (Hughes & Huby, 2004). A second limitation of 
assessing aggression with vignettes, which may explain the 
lack of convergence with observed sibling aggression in the 
VR, is a lack of ecological validity of the social scenario 
presented in the video vignette. Another explanation for the 
limited convergence, may be that method variance plays a 
substantial role in the measurement of aggression (Barhight 
et al., 2017). These results advocate for a multimethod 
approach to assess aggression that not only includes ques-
tionnaires and vignettes, but also behavioral observations. 
Such an extensive approach may provide a more detailed 
insight into the complexity of human behavior.

A secondary goal of this study was to examine whether 
sibling aggression as measured in a VR experiment is related 
to individual, sibling, and family factors to provide insight in 
both the construct validity of the VR experiment and in the 
antecedents of sibling aggression. Results showed that indi-
vidual factors (e.g., behavioral problems) and sibling factors 

convergent validity, results showed small to moderate associa-
tions between observed physical aggression and self-reported 
physical and psychological aggression towards the sibling. 
In addition, observed task-directed aggression was positively 
related to self-reported psychological aggression towards the 
sibling, with a small effect size. These results indicate that the 
aggressive behavior that was observed in virtual interactions 
with their assumed sibling, partly aligns with how adoles-
cents describe their level of aggression towards their sibling. 
The imperfect convergence across these different instruments 
reinforces the call for a multimethod approach to assess sib-
ling aggression in children.

Another result supporting the added value of this inter-
active VR experiment, is its indication of measurement 
sensitivity. Results showed relatively high frequencies of 
observed aggression and relatively large variances in all 
three aspects of aggression as measured by the VR experi-
ment. Two short scenarios of three minutes maximum that 
included provocation by a virtual sibling, elicited several 
forms of aggressive responding. Most participants showed at 
least one form of physical aggression (such as hitting the vir-
tual sibling), psychological aggression (including insulting 
their virtual sibling), or task-directed aggression (sabotaging 
the game of the virtual sibling). Moreover, although partici-
pants could only manipulate things in the VR by using the 

Table 3  Fixed effects of multilevel models for associations of Indi-
vidual, sibling and family factors with observed aggression in the VR 
experiment

Total Observed 
Aggression VR 
experiment

−2ΔLL β p
Model 1: Individual & Sibling factors 
(n = 52)

3.01

 Age difference between siblings 0.15 0.330
 Same gender siblings − 0.00 0.982
 Older or younger sibling − 0.06 0.671
 Adolescent externalizing behavior 
(parent report)

0.16 0.334

 Adolescent internalizing behavior 
(parent report)

0.11 0.477

Model 2: Family factors (n = 42) 9.60
 Inter-parental violence (parent report) − 0.28 0.089
 Parent-child relationship 
quality- Father

− 0.59 0.044

 Parent-child relationship 
quality- Mother

0.23 0.254

 Perceived differential affect - Father − 0.42 0.054
 Perceived differential affect - Mother 0.30 0.167
−2ΔLL refers to the difference in −2 log likelihood of the model pre-
sented and the unconditional model. Model 2 testing associations 
with family factors was conducted with 42 participants, since inter-
parental violence was not measured in single parent families
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effectiveness in different contexts and populations. Further-
more, measures could be taken to enhance the credibility of 
the VR manipulation, such as making the avatar’s appear-
ance more closely resemble that of the actual sibling.

In conclusion, this study offers valuable insights into 
the usability of an interactive VR experiment for assess-
ing young adolescents’ aggressive tendencies towards their 
siblings. The findings underscore the potential of such VR 
experiments to capture reactive aggression in an ecologi-
cally valid manner. The experiment demonstrated sensi-
tivity in measuring aggression, eliciting various forms of 
aggressive responses even within short, mildly provocative 
scenarios. Consequently, VR experiments could be valuable 
when implementing a multimethod approach for assessing 
aggression in other contexts as well, such as in juvenile jus-
tice populations (Lampe et al., 2023). However, the study’s 
limitations, including a small non-clinical sample and mild 
provocation levels, highlight the need for further research 
with more diverse and clinical populations to fully assess 
the VR experiment’s applicability and effectiveness. More-
over, it is important to recognize that incorporating tech-
nology into assessment presents both opportunities and 
challenges, including financial costs and implementation 
hurdles. Despite these limitations, the successful manipu-
lation of the VR experiment provides a solid foundation 
for future investigations into the assessment of aggression 
using immersive virtual environments.
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(e.g., age difference between siblings and sibling gender 
combination) were not related to observed aggression. Of 
the different family factors only the perceived quality of the 
father-child relationship was negatively related to observed 
aggression, which is in line with the literature showing that 
positive parent-child relationships may be protective against 
sibling aggression (Portner & Riggs, 2016). The absence of 
associations with other family factors could be partially 
attributed to the relatively small sample size of this pilot 
study, which limits the ability to detect small effects. Due 
to the limited number of studies on sibling aggression and 
the inconclusive findings regarding associations with indi-
vidual and sibling factors, drawing definitive conclusions 
about construct validity is challenging. Further research into 
antecedents of sibling aggression is recommended.

The study demonstrated several strengths, particularly 
in its successful manipulation of the VR experiment, which 
was notably effective among younger participants. A large 
majority of the younger participants believed that they were 
interacting with their sibling in VR, whereas a research 
assistant controlled the sibling-avatar. This manipulation 
increases the ecological validity of our experiment, the 
immersion of the participants, and level of experimental 
control, without enforcing real conflicts between siblings. In 
this case introducing a form of avatar-based deception was 
considered justified, and measures were taken to debrief 
the participants. Importantly, the study adhered strictly to 
ethical guidelines, ensuring that participants were safe while 
engaging in provocative social interactions. No participants 
were harmed, and there were no lingering negative feelings 
following the debriefing process, on the contrary most par-
ticipants mentioned they enjoyed playing the competitive 
games in VR. This underscores the ethical rigor and partici-
pant welfare considerations integrated into the study design.

The study also had several limitations. The small sample 
size and the relatively large age-range of the participants 
limited the generalizability of the findings, as a larger sam-
ple could provide more robust data. Additionally, the non-
clinical sample used in the study had generally low levels 
of aggression, raising questions about the applicability of 
the VR experiment in clinical populations. Moreover, the 
provocation in the experiment was mild, which may not be 
sensitive enough to capture more severe levels of sibling 
violence. Furthermore, interobserver reliability for two con-
structs of the observational coding system were moderate, 
possibly due to the small sample size and relatively low lev-
els of observed aggression. Lastly, in the older participants, 
the credibility of the manipulation in the VR experiment 
was lower, potentially limiting a realistic response toward 
their virtual sibling. These factors highlight the need for fur-
ther research with larger, more diverse samples and varying 
levels of provocation to better assess the VR experiment’s 
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