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Abstract
Objectives  Examine trends in aggressive behavior from 1991 to 2015, investigate whether 
these trends apply equally to all individuals, and explore the extent to which differences in 
trends over time cluster within families.
Methods  Our study included 69,465 measures from 40,400 individuals, from 15,437 
Dutch families. Aggression was measured between 1 and 4 times by self-report. We fit-
ted a mixed effects model, modeling the effect of time, age, and gender on aggression, and 
considering the three levels of nesting in the data, i.e. repeated measures, individuals, and 
families. To investigate if individual differences in trends in aggression over time cluster 
within families, variance in aggression and in time and age effects was partitioned into 
within- and between family variance components.
Results  We found a steady decline in aggression over time, between 1991 and 2015, as 
well as over the life course. Across time and age, women had slightly higher levels of 
aggression than men. There was clear evidence for clustering within, and variation between 
families, both in overall aggression levels and in time effects.
Conclusions  We confirm earlier findings of a decline in aggression over the past decades. 
Not all individuals follow the downward trend over time for aggression to the same extent. 
Trends over time cluster within families, demonstrating that family factors are not only 
important to explain variation in aggression levels, but also in understanding differences 
between individuals in time trends.
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Introduction

Aggression, behavior that intends to inflict harm on others (Berkowitz 1993; Lorenz 1966), 
can be encountered at home, at school, at the workplace, and elsewhere in the course of 
daily life. Aggression is a common type of human behavior (Tuvblad and Baker 2011), that 
comes in various forms, ranging from non-physical, verbal, and relational aggression, to 
physical aggression (Crick and Grotpeter 1995; Crick et al. 1999). Previous research has 
shown that males and females tend to differ in the form of aggression they portray. Physical 
aggression is more common in males, while indirect aggression seems to be more common 
in females (Hess and Hagen 2006; Card et al. 2008; Pickett et al. 2013; Beatton et al. 2018; 
Thomson et al. 2019). Aggression typically decreases across the life-course (Alink et al. 
2006; Cairns et al. 1989; Cairns and Cairns 1994; Karriker-Jaffe et al. 2008; Loeber and 
Stouthamer-Loeber 1998; Tremblay et al. 2004; Tremblay 2010), while since the mid-nine-
ties a declining trend in aggressive behavior at the population level has been observed (e.g., 
Pickett et al. 2013; Kann et al. 2016; Frøyland and von Soest 2018). It is well known that 
individual differences in aggression tend to cluster within families (Margolin et al. 2016, 
Repetti et al. 2002; Besemer et al. 2017; van de Weijer et al. 2014), but a novel question 
is if the change in aggressive behavior that is observed at the population level over time 
clusters within families. Here we address this question, after establishing that the general 
decline in aggression at the population level that is suggested in earlier studies replicates in 
Dutch society.

Trends in Aggression Over Time

Most studies on trends in aggression over time have found declining levels over the last few 
decades. In the United States, the prevalence of adolescents having been in a physical fight 
decreased from 42.5% in 1991, to 22.6% in 2015 (Kann et al. 2016), while violent offend-
ing in adults decreased from 1991 to 2019 (US Department of Justice 2019). In Norway, 
Frøyland and von Soest (2018) observed a decline in the prevalence of physical aggression 
in adolescence from 22.6% in 2007, to 12.8% in 2015. Pickett et al. (2013) found downward 
trends in physical fighting in adolescence from 2002 to 2010, in 19 out of 30 countries they 
investigated. Physical fighting in adolescents and violent crime in adults decreased in both 
males and females, but slightly faster in males, indicating that sex differences in physical 
aggression are decreasing (Beatton et al. 2018). Clear statistics on trends in broader meas-
ures of aggression in everyday interactions (including non-physical, relational or verbal 
aggression) are lacking.

The downward trend we see in most physical aggression and violent crime statistics can 
be the consequence of multiple influences. Broadly, these can be divided into societal and 
developmental influences. Societal influences include period and cohort effects. Most stud-
ies suggest period effects are the main driving force behind the downward trends in aggres-
sion and violence (e.g. Fabio et al. 2006). Period effects affect the entire population, i.e., 
people of all ages and birth cohorts. Several specific period effects have been suggested in 
past studies that could explain such trends, for example increased policing and incarcera-
tion rates, lead poisoning, declining hard drug markets, technological advances, and eco-
nomic circumstances (Farrell et al. 2014).

In addition to potential period effects, the observed downward trend in aggressive 
behavior over the past decades could also be the consequence of cohort, or generational, 



3Journal of Quantitative Criminology (2023) 39:1–19	

1 3

effects. These are societal effects that affect only individuals from a certain birth-cohort. 
For example, Neugebauer et  al. (1999) found an increased prevalence of antisocial per-
sonality disorder in a cohort of Dutch men prenatally exposed to severe maternal prenatal 
malnutrition during the harsh winter of 1944–1945 at the end of the Second World War. 
A sufficiently large birth cohort exposed to cohort-specific causes of aggressive behavior, 
could impact aggression trends on a populational level.

Trends in Aggression Over Age

Temporal changes in behavior at the population level may also be due to developmen-
tal influences, defined as age, or life-course, effects. Physical aggression tends to peak 
at age 2–4 years and then declines to a lower level during the school years (Alink et al. 
2006; Cairns et al. 1989; Cairns and Cairns 1994; Karriker-Jaffe et al. 2008; Loeber and 
Stouthamer-Loeber 1998; Tremblay et  al. 2004; Tremblay 2010). Social or relational 
aggression emerges in the preschool years, and continues through childhood and adoles-
cence (Underwood 2003). Because there are highs and lows in a nation’s birthrate, the 
average age of a population will also change over time, which can be reflected in aggres-
sion trends at the population level. For example, most western societies are ageing, having 
more older, and thereby less aggressive, individuals.

Familial Clustering

Multiple studies have established that aggression, antisocial behavior, and violent crime 
cluster within families (Besemer et al. 2017; Margolin et al. 2016, Repetti et al. 2002; van 
de Weijer et al. 2014; Veroude et al. 2016; Yu and Gamble 2008). Such studies tend to rely 
on two approaches. One is to identify factors that vary between families, and assess their 
effects. This approach has the benefit that it provides information on specific family factors 
that are thought to play a role, which we then may target in interventions or policy. This 
approach has led to an extensive list of family factors related to psychosocial environment, 
social economic circumstances, and biological background, which can drive individual dif-
ferences through a multitude of pathways (Tolan et al. 2013; Farrington et al. 2017; Jolliffe 
et al. 2017; Labella and Masten 2018). Many of these family influences are interrelated, 
and difficult to disentangle, adding to the complexity of the etiology of problem behav-
ior. Guerra and Leidy (2008) provide an extensive overview of how individual characteris-
tics, and contexts in which children are raised, can accumulate and interact, increasing or 
decreasing the risk of aggressive behavior. Dodge and Pettit (2003) illustrate the reciprocal 
nature of different influences on chronic conduct problems in a biopsychosocial model that 
includes a wide range of reciprocal influences situated in multiple domains: biological pre-
disposition, parenting, peers, sociocultural context, and mental processes. When studying 
the effect of individual family factors, it is hard to account for their interdependency with 
other factors, and there is a risk of overestimating the causal effect of any single factor.

A second approach to study the role of family is to model family factors as one inter-
related, but latent, construct. This approach does not require the identification and assess-
ment of factors that vary between families, but does necessitate that outcome traits such as 
aggression are measured on multiple individuals from the same family. Using this design, 
family factors are defined as the combined total set of influences that lead to more similari-
ties among individuals from within the same family than among individuals from different 
families.
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Both approaches have their distinct advantages and disadvantages: the first approach 
requires measurement of the relevant family factors, while running the risk of not 
identifying important ones, but allows a design that does not require multiple indi-
viduals from the same family to take part in the study. The second approach does not 
require the identification of specific family factors, and allows us to get an understand-
ing of the totality of influences that are specifically family based, without identifying 
these influences. If this second approach would offer little evidence for a significant 
‘between families’ effect, the search to identify risk factors for aggression should be 
directed elsewhere.

Familial Clustering of Trends

Not only the levels or prevalence of violent and aggressive behavior is clustered within 
families, but developmental changes in these behaviors could also be more simi-
lar among family members than between families. Sampson and Laub, for example, 
argued that strong informal social bonds with family members lead to desistance from 
deviant behavior in adulthood (Sampson and Laub 1994; Laub and Sampson 2006). 
Persons from families with stronger social bonds between relatives might therefore all 
be more likely to desist, while those from families with weaker ties are more likely 
to persist in deviant behavior. In accordance with this line of reasoning, Van de Rakt 
et  al. (2008) found intergenerational similarities in the developmental trajectories 
of criminal behavior among a large number of Dutch families and Eley et  al. (2003) 
showed, in a twin study, that such similarities in developmental trajectories of aggres-
sive antisocial behavior were largely mediated by genetic influences.

Although changes in criminal and aggressive behavior over the lifespan seem to 
cluster within families, this does not mean that time effects on aggression, reflecting 
changes in society, show similar clustering within families. We are not aware of any 
studies which investigated whether the beneficial downward trend in aggression over 
time that we see in the population also clusters within families. These trends in aggres-
sion over time may be explained by factors that affect all individuals in a population 
in a similar manner. In this case, individual differences in these time trends will be 
explained by the variation in initial aggression levels. However, time trends may also 
differ between individuals because changes in aggression over time reflect changes in 
underlying risk factors to which individuals are differently exposed, and which may 
be shared by family members. These changes can vary from economic circumstances, 
to changing role models or peers, to increased institutional control. If this is the case, 
time-trends are not a tide that raises or lowers all boats. Changes in society which may 
be beneficial to most, could harm others. Societal changes that affect families differ-
ently, may have a direct effect on aggression, or moderate the effect of other changes 
in society. A study by Odgers et  al. (2015), for example, showed that living along-
side more affluent neighbors predicts greater involvement in antisocial behavior among 
low-income boys. This suggests that non-conformity to beneficial economic change, 
may be one of the mechanisms that could lead to clustering of time effects on aggres-
sion within families. Regardless of the underlying mechanism, we expect time effects 
to differ between families. Consequently, we expect to see clustering of these effects 
within families.
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The Current Study

In this study, we investigate the effect of time, age, and gender on a broad behavioral meas-
ure of aggression, in a large cohort of Dutch multi-generation families with longitudinal 
data collected between 1991 and 2015, with a focus on assessing whether time and age 
effects cluster within families, i.e. are more similar within than between families. We use 
a novel approach in aggression research, by fitting a mixed effects model (Snijders and 
Bosker 2012) to repeated measures of self-reported aggression of individuals within fami-
lies, born between 1927 and 2001, aged 12–70 years. By specifying random effects in the 
model, the variance in overall aggression levels and in time and age effects is partitioned 
into within- and between family variance components. The random effects for families give 
an indication to what extent aggression levels and trends in aggression cluster within fami-
lies. This informs us on the importance of family factors in explaining individual differ-
ences in trends in aggression over time and age.

Methods

Data Collection and Participants

We analyzed longitudinal data, collected in twins, their parents and siblings who registered 
with the Netherlands Twin Register (NTR). Adult twins and their family members enter the 
Adult Netherlands Twin Register (ANTR) at different ages and newborn and young twins 
enter the Young Netherlands Twin Register (YNTR). When twins from the YNTR turn 18, 
they and their entire family automatically joins the ANTR and the ANTR data collection.

Survey data are collected in all participants every few years (Ligthart et  al. 2019), in 
adolescent and adult participants by self-report, in children by parental and teacher report. 
From the ANTR databases, six waves of data collection were relevant for this study, as 
they contained the aggression scale from the Adult Self-Report (ASR, Achenbach and 
Rescorla 2003). From these six waves of data collection, we selected all participants aged 
12–70  years. The data were collected around 1991, 1995, 1997, 2000, 2009, and 2013. 
Twins and their siblings were asked to participate from 1991 onwards, and a selected group 
of their spouses from 2000. Parents of twins were invited to complete the ASR in 2009 and 
2014. With each wave of data collection new families could enter the ANTR.

In YNTR twin pairs, three waves of data collection between 2004 and 2015 included 
aggression data from the Youth Self-Report (YSR; Achenbach and Rescorla 2001). Twins 
were first approached when they were aged 12 to 18 and their siblings were invited to take 
part at the same time (see van Beijsterveldt et al. 2013). Thus, A family from the YNTR 
may have contributed YSR aggression data for the first time in 2006 from 16-year old 
twins and an additional sibling, and in 2009 through the ANTR survey 5, when the twins 
were 19-years old. Table 1 presents an overview of the surveys and sampling description 
(see also; Boomsma et  al. 2002, 2006; Ligthart et  al. 2019). Research ethics committee 
approval was received for each survey.

Our dataset consisted of 69,465 measures from 40,400 participants, from 15,437 
families (see Tables 2, 3). Around 52% of the participants come from either monozy-
gotic twin pairs (9228; 22.8%) or dizygotic pairs (11,760; 29.1%). The remainder of 
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the participants are twins from incomplete pairs, siblings, parents, spouses or offspring 
of twins. Approximately 43% of all participants completed more than one survey, 18% 
completed more than two surveys. Because not all NTR participants were invited for all 
surveys, as described above, the composition of the sample differs over time.

Table 1   Sample description: number of participants at each wave of data collection in the Adult and the 
Young Netherlands Twin Register, and the number of measures of these same individuals on subsequent 
waves of data collection

ASR Adult Self Report, YSR Youth Self Report
When YSR twin participants turn 18, they, and their families, can take part in the adult (ASR) surveys

Survey (year) Observations (total) Age range (M) N observations on following surveys

ASR 2 ASR 3 ASR 4 ASR 5 ASR 6

Adult Self Report (ASR) in ANTR
ASR 1 (1991–1993) 3325 12–24 (17.21) 1870 1253 1227 973 822
ASR 2 (1995–1996) 3326 14–28 (19.30) 1807 1767 1259 1042
ASR 3 (1997–1999) 4685 12–70 (26.10) 2875 1981 1532
ASR 4 (2000–2003) 6655 12–70 (29.70) 3128 2456
ASR 5 (2009–2013) 14,639 14–70 (40.15) 7553
ASR 6 (2013–2015) 16,143 15–70 (39.61)

Survey (year) Observations (total) Age range (M) N observations on following surveys

YSR 2 YSR 3 ASR 5 ASR 6

Youth Self Report (YSR) in YNTR
YSR 1 2005–2013 11,108 12–26 (14.59) 4204 0 929 2533
YSR 2 2005–2014 8073 12–28 (16.74) 410 1479 2936
YSR 3 2004–2008 1511 12–35 (18.31) 745 623

Table 2   Description of included 
families: number of family 
members, observations and 
generations

One generation families consist of family members of the same gen-
eration (i.e. siblings and twins), two generation families consist of two 
generations (i.e. parent(s) and offspring). Additionally, two three-gen-
eration families were included in the analyses (not shown in Table 3), 
consisting of grandparent(s), parent(s), and offspring

N family 
members

N families N observations Generations in 
family

1 2

1 3628 4291 3628 –
2 5115 14,478 4657 458
3 2874 14,478 1632 1242
4 2068 15,671 409 1658
5 1211 12,551 114 1097
6–16 541 7996 67 473
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Measurements

All participants completed Achenbach System of Empirically Based Assessment self-
report questionnaires (ASEBA; Achenbach et al. 2017), either the Youth Self-Report (YSR; 
Achenbach and Rescorla 2001) or the Adult Self-Report (ASR; Achenbach and Rescorla 
2003). In the early ANTR surveys, the YASR (Young Adult Self Report) was administered.

A score based on nine overlapping items that were present in all surveys was analyzed 
(see Table  4). All items were scored on a three-level scale: 0 = never, 1 = sometimes, 
2 = often. Aggression scores were defined by Item-Response Theory (IRT; Embretson and 
Reise 2000) and calculated with the Generalized Partial Credit Model (GPCM) in R, with 
the mirt package (Chalmers 2012). GPCM is an Item Response Theory model, developed 
to analyze polytomous data. This IRT-aggression score has benefits over a simple sum-
score, because it appropriately weights the relative contributions of individual items to a 
scale with a more favorable distribution.

Analyses

We fit a three-level mixed effects model (e.g. Snijders and Bosker 2012) to the longitudi-
nal IRT data, with the package nlme (Pinheiro et al. 2017) in R (version 3.4.2; R Core Team 

Table 3   Sample characteristics

For six participants gender was missing, or the participant changed 
gender. Mean age is calculated over all measures

Group N subjects N measures Mean age IRT Aggres-
sion

Mean SD

Total 40,400 69,465 28.70 0.00 0.82
Male 16,588 26,907 28.60 − 0.05 0.81
Female 23,806 42,548 28.76 0.03 0.82

Table 4   Aggression items: response rate and IRT weight

Observations with more than 2 missing items were removed from the analyses. IRT weights can be inter-
preted as factor loadings

Items Response Mean ♂ Mean ♀ IRT weight

Never Sometimes Often

Argues 44,389 23,466 1493 0.33 0.41 0.641
Mean to others 56,688 12,060 468 0.20 0.18 0.583
Fights 66,828 2165 215 0.06 0.02 0.678
Attacks 67,536 1452 73 0.04 0.02 0.760
Screams 60,465 8042 800 0.11 0.16 0.714
Stubborn 34,277 30,296 4731 0.55 0.59 0.679
Mood changes 43,897 21,753 3614 0.32 0.48 0.610
Temper 55,772 12,227 1382 0.23 0.21 0.779
Threatens 67,646 1247 166 0.04 0.01 0.663
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2017). We opted for a multilevel modeling approach because we are interested in the effects 
of age and time on aggression, and the within and between family variance of these trends. By 
modeling the within and between family variance we get an estimate of the extent to which 
family characteristics play a role in individual variance in aggression trends. The family char-
acteristics are in this case a latent (i.e. not observed) construct that embodies all factors that 
lead to more similarities within- than between families. The mixed modeling approach allows 
for this, while also considering dependency between repeated measures.

Our model accounts for three levels of variance that are present in the data, namely varia-
tion between repeated measures, variation between individuals, and variation between fami-
lies. The model is called a mixed effects model because both fixed and random effects are esti-
mated. Fixed effects are population level effects that apply to each measure. Random effects 
are effects that allow for variation of effects at group level. Minică et al. (2015) showed that 
a similar approach generated correct standard errors in a design with varying levels of fam-
ily resemblance. In both models we use z-scores of the continuous predictors (age and time). 
Gender is included as a fixed effect to assess gender differences in overall aggression levels 
and time and age trends. An autoregressive correlation structure is applied in the model at the 
individual level to account for dependence between measures. The autoregressive correlation 
structure assumes that measures in closer temporal proximity are more strongly related than 
more distant measures. A correlation between the random effects is calculated, giving an indi-
cation of the association between the estimated random intercept and random slope for time. 
Explained variance, R2, is calculated with the package MuMIn (Barton 2018) in R.

The outcome (aggression) is predicted by an intercept that can vary for each individual 
in each family, slopes for time and age that can vary for each family, a slope for gender, and 
non-linear slopes for age (age2) and time (time2). Parameter estimates with random effects are 
underscored:

In this notation, Ytij is the aggression outcome for measurement t in individual i in family j, 
β0ij is the intercept for each individual i in family j, β1j is the linear slope for age in family 
j, β2 is the non-linear slope for age, β3j is the linear slope for time in family j, β4 is the non-
linear slope for time, β5 is the slope for gender, and εtij is an error term for each measure-
ment t, for individual i, in family j. All first order interactions are included in the model. 
The random effect for the intercept for each individual is estimated by the global intercept 
and a random effect for individual i, and makes up Level 2 of our model:

This random term accounts for dependency of repeated measures within individuals. The 
random effect for the intercept for each family is estimated by the individual intercept and 
a random variable for family j. The random effects for the slopes of time and age for each 
family are estimated by the global slopes for time and age, and random effects for family j. 
These family-level effects form Level 3 of our model:

Level 1 ∶ ytij = �
0ij

+ �
1j
x1tij + �2x

2
1tij

+ �
3j
x2tij

+ �4x
2
2tij

+ �5x3tij + first order interactions + �
tij
.

Level 2: �
0i

= �0 + u
0i
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The random family effects, for the intercept and the slope of time and age, are the 
focus of our study. By specifying random effects in our model, variance is partitioned 
into within—and between family variance components. The model estimates of the ran-
dom effects for families are a measure of between family variance. This informs us on how 
much individuals from different families differ in their intercept and slopes for time and 
age, compared to family members. Thus, the random intercept for families gives an indica-
tion to what extent aggression levels cluster within families. Similarly, the random effects 
for the slopes of time and age give an indication to what extent these effects cluster within 
families. No discrimination is made between different family relations when estimating 
random family effects. Thus, the family effects reflect overall resemblance between family 
members, including partners, siblings, parent–offspring or twins. The correlation between 
the random parameter estimates gives an indication of how aggression scores (high or low) 
are related to the increase or decrease of these scores over time and age. We tested the 
reliability of our model in estimating variation at the family level in both intercept and 
slopes with simulated data. The model was effective in estimating variation between fami-
lies. Type I error rates for the random intercept and random slopes were investigated in a 
subset of 420 individuals from 100 families. Simulations were run 1000 times, both with a 
normally distributed outcome and with the empirical IRT distribution in the outcome. Type 
I error rates were similar for both outcomes, but slightly lower than expected, ranging from 
1.2 to 1.5%.

The effect of time reflects both period and cohort effects. To get an idea of the relative 
importance of period and cohort effects, we investigate linear trends within four age cat-
egories: 12–25 years, 26–40 years, 41–55 years, and 56–70 years. These four age ranges 
represent four birth cohorts in our data. If change in aggression in our data would be due 
to changes in specific birth cohorts, we would see clear differences in aggression trends 
over time between the four cohorts. With this simple method we aim to establish whether 
change is cohort-specific or due to period effects. We fitted the linear relation between time 
and aggression within the four groups with the lm method in ggplot2 (Wickham 2009).

Results

Our dataset consisted of 69,465 aggression measures collected between 1991 and 2015 
from 40,400 participants (58% female), who were part of 15,437 families (see Tables 2, 3). 
On average, aggression declined between 1991 and 2015, by 0.87 SD (Fig. 1). The down-
ward trend was found for both sexes, with women scoring on average 0.08 SD higher than 
men, which can be explained by higher scores on items related to non-physical aggression 
(Table 4). Figure 2 shows that aggression decreased over the beginning of the life course, 
from age 12 to age 34, by 0.94 SD. From age 34 to age 70, only a slight increase in aggres-
sion, of 0.06 SD, was visible in males. We are reluctant to interpret this slight increase, as 
this could be due to overfitting because of smaller sample size at old ages.

Level 3 intercept: �
0ij

= �
0i
+ u

0j

Level 3 slopes ∶

Slope for age: �
1j

= �1 + u
1j

Slope for time ∶ �
2j

= �2 + u
2j
.
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Because the model does not allow for simultaneous analysis of time and cohort effects, 
the results did not inform us on which of these effects drove the effect of time. To get an 
idea of the relative importance of period and cohort effects, we plotted the linear effect of 

Fig. 1   Predicted effect of time: each time point aggregates predicted aggression scores over ages and birth 
cohorts. The grey banners depict the 95% confidence intervals

Fig. 2   Predicted and observed effect of age on aggression. The grey banners depict the 95% confidence 
intervals
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time on aggression within four age categories; 12–25 years, 26–40 years, 41–55 years, and 
56–70 years (Fig. 3). A clear downward trend was visible within each age category. This 
suggested that period effects predominantly drove the downward trend, across ages and 
birth-cohorts.

The fixed and random effects together explained 52% of the variance in aggression, with 
the fixed effects alone explaining 14% of the variance in aggression, i.e. random effects 
accounted for the largest part of the variance in aggression measures. The random effects 
included a random intercept for individuals to account for dependence between repeated 
measures, and a random intercept and random slopes for time and age to investigate varia-
tion between, and clustering within families. Table 5 shows the estimates for the fixed and 
random effects.

By including random effects for families, variance was partitioned into within and 
between family variance. The random intercept for families is a measure of between fam-
ily variance: SD = 0.302, Δχ2(3) = 1333.739, p < 0.001. This indicated that variance in 
aggression levels between individuals from different families was larger than the variance 
between individuals within the same family, or stated otherwise, that aggression levels 
clustered within families.

Our main interest is in the variance of the effects of time and age, which were also par-
titioned into within- and between family variance components. Between family variance 
of the effect of time on aggression was estimated by a random slope for time: SD = 0.116, 
Δχ2(3) = 96.825, p < 0.001, indicating that variance in the effect of time on aggression 
between individuals from different families was larger than the variance between individu-
als within the same family. Thus, members of the same family resembled each other in the 
magnitude and direction of the effect of time. Moreover, the model with a random slope 
for time for families fit significantly better than the same model with a random slope for 
time for individuals, Δχ2(1) = 30.592, p < 0.001. The estimate of the random effect of time 

Fig. 3   Linear effect of time on aggression within 4 age categories; 12–25 years, 26–40 years, 41–55 years, 
and 56–70 years. The grey banners depict the 95% confidence intervals
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Table 5   Parameter estimates and explained variance for the fixed and random effects of time, age, and gen-
der on aggression

Time and age were standardized for the analyses. Due to the interactions between the fixed effects, the fixed 
effects are not interpretable separately. For the predicted scores based on the fixed effects see Figs. 1 and 2
*p < 0.05; **p < 0.01; ***p < 0.001
a Gender was coded male = 0, female = 1

Random effects SD Interpretation

Family
Intercept 0.302*** Between family variance > within family variance

Aggression differs between, and clusters within, families
Time 0.116*** Between family variance > within family variance

The effect of time differs between, and clusters within, families
Age 0.102*** Between family variance > within family variance

The effect of age differs between, and clusters within, families
Individuals within families
Intercept 0.381*** Between individual variance > within individual variance

Dependency of repeated measures. Repeated measures in an 
individual are more alike than measures in different family 
members

Residual 0.570 Variance not accounted for by the random effects

Fixed effects Estimate 95% CI

Main effects
Intercept − 0.157*** [− 0.181, − 0.134]
Time − 0.066*** [− 0.084, − 0.047]
Age − 0.320*** [− 0.340, − 0.300]
Gendera 0.107*** [0.084, 0. 130]
Time2 − 0.015 [− 0.030, 0.001]
Age2 0.168*** [0.148, 0.188]
First order interactions
Time * age 0.141*** [0.126, 0.156]
Time * age2 − 0.085*** [− 0.096, − 0.073]
Time * time2 − 0.012** [− 0.020, − 0.004]
Age * time2 0.069*** [0.056, 0.083]
Age * age2 − 0.032*** [− 0.040, − 0.024]
Age2 * time2 − 0.012* [− 0.021, − 0.002]
Time * gendera − 0.012 [− 0.028, 0.004]
Age * gendera  − 0.022* [− 0.041, − 0.003]
Gendera * time2 0.012*** [− 0.001, − 0.024]
Gendera * age2 − 0.028*** [− 0.042, − 0.013]

R2

Fixed effects 0.14
Fixed and random effects 0.52
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was not related to the estimate of the random intercept for families, r = 0.039, meaning that 
these estimates are interpretable separately.

Between family variance of the effect of age on aggression was estimated by a random 
slope for age: SD = 0.102, Δχ2(3) = 416.744, p < 0.001, indicating family resemblance in 
age effects. We could not compare the fit of the model with a random age effect for fam-
ily with a model with a random age effect for individuals, as the model with a random age 
effect for individuals did not converge. Contrary to the random effect of time, the estimate 
of the random effect of age was negatively associated with the estimate of the random inter-
cept for families: r = −0.912, making an interpretation of the random effect of age separate 
from the random intercept impossible. This is a result of a strong relationship between age 
and aggression. Families with higher aggression scores are more likely to have a stronger 
decrease over age.

Discussion

We investigated whether trends in aggression cluster within families, making this the first 
study that combines the analyses of trends and family clustering of aggressive behavior. 
We investigated whether the effects of time and age on aggression cluster within families, 
after first establishing that a downward trend in aggressive behavior is replicated in the 
Netherlands between 1991 and 2015.

Levels of self-reported aggression were calculated by IRT (Embretson and Reise 2000). 
Overall, IRT aggression scores decreased by 0.87 SD from 1991 to 2015. Our model did 
not allow for simultaneous estimates of period and cohort effects, but aggression also 
decreased within separate age categories, suggesting that mainly period effects play an 
important role: changes in society that affects the entire population across ages and birth-
cohorts. If cohort effects were more important, we would not expect a similar decrease 
within different age categories. Identifying which specific period effects drive the trend we 
see is not an easy feat. It is likely that a large number of diverse factors play a role. Farrell 
et al. (2014) reviewed 17 hypotheses to identify the cause for the observed drop in criminal 
and violent behavior. They included hypotheses related to increased policing and incarcera-
tion rates, lead poisoning, declining hard drug markets, technological advances, increased 
security and economic circumstances, but did not find much proof to either debunk or cor-
roborate the hypotheses. It was beyond the scope of the current study to directly test spe-
cific factors that may drive the observed time effects, but this remains an important topic 
for criminological research.

In the mixed-effects model, variance in aggression levels was partitioned into within- 
and between family variance. We found that aggression levels cluster within families: fam-
ily members are more alike in aggressive behavior than individuals from different families. 
This is in line with multiple studies on aggressive, criminal and antisocial behavior (Bese-
mer et al. 2017; Margolin et al. 2016; Repetti et al. 2002; van de Weijer et al. 2014; Ver-
oude et al. 2016). Factors shared by family members thus may help in explaining individ-
ual differences in aggression, and previous research has identified several of those factors 
that likely play a role in driving individual differences in aggression, including genetic risk, 
low income, harsh parenting, and family violence (Margolin et al. 2016; Odintsova et al. 
2019; Repetti et al. 2002; Labella and Masten 2018). We added a new element to family 
analyses, namely the analyses of trends and family clustering. We investigated whether the 
effects of time and age on aggression also cluster within families. Variance in slopes was 
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partitioned into within—and between family variance. We found that for the effect of time, 
family members are more alike in trends over time compared to unrelated individuals. So, 
even though at the population level, average scores are declining, not everyone in society 
is benefitting from this trend. There are two ways to interpret these results. Risk factors 
shared by family members could change over time, leading to a similar effect on family 
members. Alternatively, societal effects may be moderated by family factors, leading to 
different outcomes in different families. Under both scenarios and interpretations, family 
factors are not only important in understanding differences in aggression levels, but also in 
understanding change over time. The overall downward trend is, thus, not necessarily ben-
eficial for everyone. The familial resemblance in how far individuals diverge from the over-
all trend, indicates that certain families or groups are differentially affected by changes in 
society. One possible mechanism could be variation in the benefits of economic progress. 
Not only is poverty a well-established risk factor for aggression, but also differences in 
‘relative poverty’: a poor family, living in close proximity to a more wealthy family, has a 
further increased risk (Odgers et al. 2015; Nieuwenhuis et al. 2017). Thus, if other families 
in the neighborhood benefit from economic progress, the effect of poverty on aggression 
may increase.

Regardless of the mechanisms behind the clustering of trends, our study provides strong 
indications that even with beneficial changes in society, we should not lose focus on fami-
lies when trying to understand or change aggressive behavior. Families are important 
in understanding the mechanisms that drive aggressive behavior now, and in the future. 
Because the estimate of the random slope for time was not related to the estimate of the 
random intercept, factors that lead to clustering of aggression levels within families may 
not be the same factors that lead to clustering of time trends. Risk factors for aggression 
that reside in the family system, may not be static but dynamic, changing over time as soci-
ety as a whole changes. Policymakers should be aware that theories on aggression might 
not translate over time, and that the importance of specific factors may change as society 
changes.

The age-aggression curve observed in the present study resembles previous results, with 
a decrease in aggression over age that gradually levels off from early adulthood onwards 
(Alink et al. 2006; Cairns et al. 1989; Cairns and Cairns 1994; Tremblay 2010; Tremblay 
et al. 2004). We also found that variance between non-related individuals was larger than 
variance between family members for the effect of age, indicating clustering of age effects 
within families. Liu et al. (2013) discuss risk factors for aggression pertaining to several 
developmental stages. They conclude that different risk factors, of which several may be 
shared within families, have unique influences at specific ages. Thus, familial risk factors 
not only contribute to overall levels of aggression, but also to the development of aggres-
sion over age. In line with this finding, Eley et al. (2003) also showed that continuity of 
aggressive and non-aggressive antisocial behavior in childhood was mediated by genetic 
and shared environmental factors. Our results indicated that the estimate of the random 
slope for age, reflecting clustering of age effects in families, was dependent on the estimate 
of the random intercept, reflecting clustering of aggression levels in families. This indicates 
that we cannot interpret the clustering of age effects separately from the overall aggression 
levels. In other words, high levels of aggression are related to a large age effect, presum-
ably because starting levels are higher, and lower levels are related to a smaller age effect.

Results further indicate slightly higher overall aggression in females than in males. A 
close inspection of the aggression scores in males and females revealed that this difference 
was mainly because females scored higher on items related to non-physical or relational 
aggression. Previous research is inconsistent on gender differences in indirect aggression. 
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For example, Crick and Grotpeter (1995) found that relational aggression was more preva-
lent among adolescent girls than boys, and Thomson and colleagues found similar higher 
levels of indirect aggression in adult females compared to males. However, in a large meta-
analysis on 148 studies on child and adolescent aggression, Card et al. (2008) found trivial 
gender differences in what they call ‘indirect’ aggression. Several factors may cause gender 
differences in aggression, including biological factors, for example differences in physi-
cal strength (Björkqvist 1994) and hormonal differences (Björkqvist 2018); and socio-cul-
tural factors, for example different role models (Underwood et al. 2008), differences in the 
number and closeness of social relationships (Maccoby 1990) and differences in the social 
acceptance of aggression (Underwood 2003). We did not find clear gender differences in 
trends in aggression over time and age, indicating that the factors driving the overall down-
ward trend we see over time, affects males and females similarly.

Although our study provides important new insights on the development of aggressive 
behavior over time, it also has several limitations. Our longitudinal study design is inevi-
tably accompanied by drop-out, both ‘by design’, because not all participants were asked 
to take part in all surveys, and due to nonresponse. Nonresponse may partly explain the 
negative aggression trend that we found, if more aggressive respondents are more likely to 
drop out than less aggressive respondents. Additional analyses showed the effect of drop-
out to be small, if not absent. Participants with multiple measures scored slightly lower on 
aggression in most age categories, however, our study allows for new inflow of participants 
at each wave, so that the effects of non-response are not limited to later surveys. Analyses 
with only the first measure of each participant yielded similar results to those reported, 
indicating that the downward trend is not driven by repeated measures of less aggressive 
individuals.

A second limitation is that the adult self-report (ASR) surveys slightly differ from the 
youth self-report (YSR) surveys. To ensure comparability of measures, we included the 
nine aggression items that are the same in both surveys.

Finally, family environments may increase the likelihood of displaying aggressive 
behavior, because of close proximity and more interaction between individuals compared 
to people living alone. Since we analyzed family data, this may have slightly biased the 
results. To assess this possible bias, we tested for differences in aggression levels between 
twins and their non-twin siblings, and found no significant differences within 10-year age 
groups. Moreover, twin pairs may interact more closely with each other than siblings. How-
ever, there is no evidence for an increase in similarity between twins compared to non-twin 
siblings when using self-report measures (Plomin and Daniels 2011; Mark et al. 2017). We 
also reran the analyses without monozygotic twins, and found similar results, indicating 
that the relatively small number of monozygotic twin pairs did not drive the effects we see.

In summary, we replicated that aggression decreases in the period between 1991 and 
2015, with an average decline in aggression scores of 0.87 SD. The decrease over time was 
present across all ages in the sample. Aggression clustered within families. Thus, factors 
shared by family members can help explain individual differences in aggression. The effect 
of time on aggression also cluster within families. This indicates that not all individuals 
follow the beneficial trend we see in the population, and demonstrates that family factors 
are important in understanding and explaining differences between individuals in their 
aggression development over time.
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