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Abstract

The Longitudinal Israeli Study of Twins (LIST) focuses on the developmental, genetic and environmental contributions to individual
differences in children’s and adolescents’ social behavior. Key variables have been empathy, prosocial behavior, temperament and values.
Another major goal of LIST has been to study gene–environment correlations, mainly concerning parenting. LIST includes 1657 families
of Hebrew-speaking Israeli twins who have participated at least once in the study. Children’s environment and their development are assessed
in a multivariate, multimethod fashion, including observed, parent-reported and self-reported data. The current article summarizes and
updates recent findings from LIST. For example, LIST provided evidence for the heritability of human values with the youngest sample
to date, and the first genetic investigation of adolescents’ identity formation. Finally, future aims of LIST are discussed.
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Modern developmental research seeks to understand the intricate
network of influences of the different environments children grow
up in as well as children’s characteristics that shape children’s and
adolescent’s development (Davidov et al., 2015; Rutter et al., 2006).
One goal of the Longitudinal Israeli Study of Twins (LIST; Avinun&
Knafo, 2013; Knafo, 2006) is to address this complexity by studying
the association between genetic factors and the environments
children grow up in, which is referred to as gene–environment
correlations (rGE; Knafo & Jaffee, 2013; Plomin et al., 1977). The
other major goal of LIST is to study the origins of individual
differences in the positive aspects of morally relevant development.
There are over a hundred genetically informative studies on
antisocial behavior (e.g. Burt, 2009). In contrast, there are much
fewer studies on the genetics of moral variables (Israel et al.,
2015). Thus, the majority of LIST work has focused on the genetic,
environmental and developmental background of variables such as
prosocial behavior, empathy and values.

Data Collection

LIST includes 1657 families of Hebrew-speaking Israeli twins who
have participated at least once in the study. Recruitment commenced
in 2007 when the twins were 3 years old. Families of twins from
across the country were identified with national information on
multiple births provided by the Ministry of the Interior. Twins have

been subsequently followed on a typically biannual rate (see Table 1).
At ages 3.5, 5 and 7 years, the subsample of families living in the
Jerusalem area participated in an observational session at the lab.
Ages 6.5 and 8–9 years involved a larger sample of either home or
lab visits that also included families from the center and north of
Israel. Observational sessions focused mainly on same-sex twins.
Currently, age 15 data are being collected, with plans for follow-
up at age 17 and later on. Past reports on the LIST twin registry pro-
vide further details on the sample and recruitment (Avinun &Knafo,
2013; Knafo, 2006).

At all ages, mothers were asked to describe children’s develop-
ment using questionnaires, which mainly focused on twins’ rela-
tionships, behavior and temperament as well as demographic
details and socioeconomic status. When available, fathers filled
similar versions of the questionnaires. Starting from age 11,
adolescents and their parents participate in the study through a
specialized online portal. Contact with the families has been main-
tained through regular newsletters, a website andmost recently in a
special event honoring twins and their families at the Bloomfield
Science Museum in Jerusalem.

Zygosity Assignment

Zygosity was assessed by DNA using 10 genetic markers for 44.6%
of the same-sex twin pairs. Twins’ DNA was isolated from buccal
epithelial cells using buccal swab brushes that were kept after col-
lection in a sterile tube containing 15 ml of Aquafresh mouthwash.
Parents’ DNA was extracted from 20 ml of Aquafresh mouthwash
samples. DNA was extracted using the Master Pure kit (Epicentre,
Madison, WI). When DNA was not available, zygosity was
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assigned by parental questionnaires describing twins’ physical
similarity (54.7%; Goldsmith, 1991). In other cases, twins were
assigned as dizygotic (DZ) when they were conceived via in-vitro
fertilization (0.7%), and one family’s zygosity was assigned as DZ
using estimates of physical similarity from videos.

Overall, the sample includes 10.92% monozygotic (MZ) male
twins, 9.72% MZ female twins, 20.4% DZ male twins, 19.67%
DZ female twins, 35.7% opposite-sex twins and 3.6% with unde-
termined zygosity. Avinun and Knafo (2013) suggested that the
relatively high proportion of DZ twins reflects the relatively high
number of Israeli families using assisted reproductive technologies.
Table 1 presents sample sizes by zygosity for questionnaire and
observational/test data at each age.

Measures of Children’s Development

Measures include core variables of positive aspects of social devel-
opment and specifically prosocial behavior and empathy. These
variables have been collected at each time point using both ques-
tionnaire and observational or test methods (e.g. Knafo et al.,

2011; Knafo-Noam et al., 2015; Schapira et al., 2019). Starting at
age 7 years, human values have been added as a core variable
(Uzefovsky et al., 2016).

In addition to these core variables, we assessed children’s tem-
perament (Hasenfratz et al., 2015), their developmental delays and
cognitive abilities (e.g. Kavé et al., 2013), and psychological prob-
lems (Knafo et al., 2009). These variables were assessed with lab
tests, observations, or established questionnaires (e.g. Buss &
Plomin, 1984; Goodman, 1997; Kavé, 2006). Starting in early
adolescence (age 11), information on relevant variables such as
pubertal status (Petersen et al., 1988), personality traits (Big Five
inventory; John et al., 1991), wellbeing (Life Satisfaction scale;
Huebner, 1991) and identity formation (DIDS; Luyckx et al.,
2008) have been added (Table 1).

Measures of Children’s Environment

Life events such as hospitalization and family structure changes are
monitored at each assessment. Parenting, assessed by observations,
parent reports and adolescent reports, has also been a focus of LIST

Table 1. LIST MZ and DZ pairs and data collected according to age and data type

Observational/test data Parental questionnaire data
Adolescent
self-report

3.5 5 6.5 7 8–9 11 13 3 5 6.5 7 8–9 11 13 11 13

Participants (twin pairs)

MZ 63 54 160 62 134 129 76 302 201 145 59 142 113 69 130 77

DZ same sex 94 86 337 115 237 260 161 584 437 318 107 268 229 137 259 160

DZ opposite sex 67 61 74 22 14 215 130 537 363 66 18 118 217 114 215 130

Study variables

Temperament
p p p p p p p p p

Personality
p p

Psychological problems
p p p p p p p

Prosocial behavior
p p p p p p p p p p p p p p

Empathy
p p p p p p p p p p p p p p p

Cognitive abilities
p p p p p p

Sociocognitive abilities
p p p p p

Maternal parenting
p p p p p p p p p p p p p

Paternal parenting
p p p p p p p p p p

Twin relationships
p p p p p p p p p p p p

Values
p p p p p p

Parental values
p p p p p p

Puberty
p p

Identity formation
p p

Peer relations
p p

Self-esteem
p p

Susceptibility to peer pressure
p p

Candidate genes
p p

Medical history
p p p p p p p

Demographic information
p p p p p p p

Notes: The number of twin pairs refers to the overall N in each studywave, but the specificN for eachmeasured construct varies by tasks and questionnaires; participant numbers do not include
pairs whose zygosity has not been verified or estimated; parent questionnaire participant numbers are for pairs for whom at least one parent filled up the questionnaire. N(pairs) for mothers by
age in years: 3, 1421; 5, 997; 6.5, 495; 7, 184; 8–9, 498; 11, 522; 13, 291. N(pairs) for fathers: 3, 139; 5, 109; 6.5, 408; 8–9, 278; 11, 321; 13, 175. Parent questionnaire data on parenting was by each
father about himself and each mother about herself, separately for each twin. Data collection is ongoing.
MZ = monozygotic; DZ = dizygotic.
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(Knafo et al., 2011; Pener-Tessler et al., 2013). From twins’ preg-
nancy and birth history (Fortuna et al., 2011) to aspects of the
school environment in adolescence, variables in LIST are adapted
to children’s developmental period. As adolescence starts (age 11),
measures of the peer group and emerging romantic relationships
have been added.

Genetic Assessment

To study rGE, we focus on three neurobiological systems that were
previously found to be related to social behavior: the dopaminergic,
the serotonergic and the oxytonergic/vasopressinergic systems
(Donaldson & Young, 2008; Girault & Greengard, 2004; Kuepper
et al., 2010). Special interest is given to several genes commonly
indicated in research for differential susceptibility to the environ-
ment, such as DRD2, DRD4, COMT, brain-derived neurotrophic
factor (BDNF), 5-HTTPLR and AVPR1A (Avinun & Knafo-Noam,
2017; Knafo et al., 2011).

Recent Achievements in LIST

The recent phases of LIST have focused on the longitudinal aspects
of social development and have enabled us to examine stability
and change throughout development in various prosocial and
temperamental characteristics. Our two main goals were to further
understand morally relevant development and to study rGE and
gene–environment interactions. Intertwin relationships have also
been of interest.

Morally Relevant Development

We focus on emotional, behavioral and cognitive aspects of
morally relevant development, such as empathy, prosocial behav-
ior and values. Although empathy, defined as the ability to recog-
nize the emotions of others and to share those emotions
(Uzefovsky & Knafo-Noam, 2017), can be seen as serving a mean-
ingful evolutionary function (Decety et al., 2016; DeWaal, 2012), it
also shows substantial individual differences (Knafo et al., 2009).
Work from LIST has demonstrated genetic contributions to
observed empathy in early childhood (Knafo et al., 2009), although
cognitive aspects of empathy such as understanding emotions tend
to show lower heritability and higher shared environmental
influences in middle childhood (Knafo & Uzefovsky, 2013;
Schapira et al., 2019). Further work has showed gene–environment
interactions, in which variation in the exon III repeat region of the
DRD4 gene interacted with children’s gender and with the parent-
ing they received in affecting different aspects of children’s
observed empathy (Ben-Israel et al., 2015; Knafo & Uzefovsky,
2013).

Prosocial behavior, a behavior that is aimed at benefiting others
(Eisenberg et al., 2015), can be manifested in different forms such
as sharing, social concern, helping and comforting. These behav-
iors can be either self-initiated or compliant, following a request. At
age 3.5 years, we found that experimentally assessed comforting
behavior correlated with helping and sharing behaviors, while
sharing and helping did not correlate with each other (Knafo-
Noam et al., 2018). As children grew older we could study a wider
variety of prosocial behaviors. At age 7 years, using parent reports,
we identified five prosociality facets (sharing, social concern, kind-
ness, helping and empathetic concern), which were positively
intercorrelated (r> .39; Knafo-Noam et al., 2015). This finding
may point to the existence of a single prosociality trait, which per-
haps crystallizes with age.

Values, which are abstract goals that guide behavior and are
used as compass to determine right from wrong (Schwartz,
1992), may be seen as providing themotivational stratum ofmoral-
ity (Sverdlik et al., 2012). Values were traditionally considered as
emerging in late adolescence, and so the majority of studies on val-
ues focus on adults. However, we found evidence that values
actually develop earlier than previously thought and can be studied
in children of 7 years old (Uzefovsky et al., 2016) and even younger
(Abramson et al., 2018). We used the Picture-Based Value Survey
for children (Döring et al., 2010), which is based on Schwartz’s
comprehensive and widely used account of value priorities and
structure (Boehnke, 2001; Verplanken & Holland, 2002), and
found the same basic patterns of relations between value priorities
and social dimensions — gender, religiosity and socioeconomic
status — that have been found in adult studies (Uzefovsky et al.,
2016). Althoughmost of our work on the genetic and environmen-
tal contribution to values is ongoing, this initial report from LIST
was the first to demonstrate genetic contributions to most values in
young children (Uzefovsky et al., 2016). As children enter adoles-
cence, the way they explore and commit to their future identity
helps shape the development of their values (Knafo & Schwartz,
2004). Thus, our report from age 11 years showed that individual
differences in identity formation patterns are partly heritable
(Markovitch et al., 2017). This suggests that value development
through adolescence is likely affected by genetic factors as well.

Gene–Environment Correlations

A major goal of LIST has been to understand rGE and specifically
evocative rGE, in which an individual’s genetically influenced phe-
notype affects the reaction of his or her social environment. One
such environment, peer relationships, is crucial for social develop-
ment (Blakemore & Mills, 2014). Our results show that peer prob-
lems, seen as the reaction of the peer environment to the
developing child, are associated with the child’s temperamental
dimensions of negative emotionality and sociability at age 3 years
(Benish-Weisman et al., 2010). Using longitudinal data from ages
3, 5 and 6.5 years, our results indicate that peer problems (assessed
by both mothers and fathers) are longitudinally associated with
mother-rated negative emotionality and low sociability, over and
above moderate stability of all variables (Hasenfratz et al., 2015).
Heritability partly explained these associations, thus indicating
the existence of evocative rGE. This finding implies that children’s
genetically influenced tendency to play alone and experience inten-
sive negative emotions is putting them at a higher risk of rejection
by their peers (Hasenfratz et al., 2015).

LIST also focuses on how children’s behavior influences the
parenting they receive. At age 3.5, we found evidence of an evoca-
tive rGE in which boys’ 5-HTTLPR genotype was associated with
mothers’ observed positive parenting (Pener-Tessler et al., 2013).
In addition, the results indicated that boys’ mother-reported self-
control mediated the effect of boys’ 5-HTTLPR genotype onmoth-
ers’ positivity, such that boys’ 5-HTTLPR genotype predicted their
levels of self-control, which in turn predicted the levels of positive
parenting they received (Pener-Tessler et al., 2013).

Parenting has also been linked to parents’ own genes (Avinun
et al., 2012; Pener-Tessler et al., 2013), implicating passive rGE in
observed associations between parenting and child behavior
(Knafo & Jaffee, 2013; Narusyte et al., 2008). Finally, to add to
the complexity of the parenting–genes–child behavior network,
two reports from LIST found that fathers’ (but not mothers’)
parenting was predicted by an interaction between the val-met
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polymorphism in the BDNF gene and children’s prosocial or
aggressive behavior. The importance of children’s behavior was
exemplified by within-family twin comparisons such that Met car-
rier fathers differentiated more strongly between their children
based on the child’s behaviors (Avinun & Knafo-Noam, 2017;
Avinun et al., 2018).

Twin Relationships

Despite the importance of twins to each other, research on twins
has largely neglected this relationship. In the parent-report twin
relationship questionnaire, we identified five relationship factors,
namely, conflict, closeness, dependence, dominance and rivalry,
which related to twins’ self-reported relationship and observed
prosocial behavior toward each other (Segal & Knafo-Noam,
2019). The first report from LIST on this topic found that
3-year-old MZ twins were perceived as closer and more co-twin
dependent than DZ twins who in turn were closer and more
co-dependent than a matched sample of nontwin siblings
(Fortuna et al., 2010). However, using an experimental measure
of intertwin prosocial behavior at the age of 6.5 years, we did
not find a difference between MZ and DZ twins in their prosocial
behavior toward each other (Yirmiya et al., 2018), and the two
kinds of twins were similarly positively correlated with each other,
suggesting that this behavior is driven by reciprocity (i.e. the like-
lihood of being prosocial, depending on the past and future mutual
interactions), rather than relative genetic similarity between the
twins. The difference between these findings may be explained
by differences in the examined constructs, children’s age, or
research method, and stresses the need for additional research
on this important topic.

Summary and Future Directions

LIST has provided ample evidence for the involvement of genetic
influences and to a lesser extent also shared environmental
influences in children’s development (Fortuna et al., 2014; Kavé
et al., 2013; Knafo et al., 2011). It has also provided evidence for
the role of rGE and gene–environment interactions (e.g. Benish-
Weisman et al., 2015; Fortuna et al., 2011).

Current research plans for LIST focus on adolescence until
the age of 17 years and hopefully beyond. Adolescent research
will investigate the genetic and environmental contributions to
values as well as the development, crystallization and genetic ori-
gins of values–personality associations that are evident in adult-
hood (Fischer & Boer, 2015). As adolescents grow up, in addition
to our continued focus on parenting, more emphasis will be
given to other social environments that increase in their impor-
tance during this developmental period, such as the school
and neighborhood. At the same time, LIST will seek to include
polygenic information to further our understanding of the
genetic factors involved in social behavior. After studying early,
middle and late childhood, the transition to adolescence and
then emerging adulthood will be at the heart of future research
in LIST.

The email address of LIST is mehkar.teomim@gmail.com.
Our website address is http://soc-lab.com.
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