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Abstract

Background—The identification of specific nonshared environments responsible for the

variance in behaviour problems is a key challenge.

Methods—Nonshared environmental influences on teacher-reported behaviour problems were

explored independently of genetics using the monozygotic (MZ) twin differences design. Six

aspects of classroom environment were rated by a representative sample of 570 nine-year-old MZ

twins in the UK in different classrooms and were related to their different teachers’ reports of

prosocial behaviour, hyperactivity, conduct problems, peer problems and emotional symptoms.

Results—Within-pair differences in perceptions of the classroom were significantly correlated

with teacher-reported behaviour problems, indicating children with less favourable perceptions of

their classroom environment were reported by their teachers as less prosocial, more hyperactive,

and to have more conduct and peer problems. Socioeconomic status did not significantly moderate

any of these relationships. However, parent-reported household chaos was a significant moderator.

Conclusions—The classroom environment is related to behaviour problems even when genetic

factors are held constant. Classroom environment is more strongly associated with behaviour

problems when the home environment is more chaotic.
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Of concern to parents and professionals alike, behaviour problems have extensive long-term

implications for academic achievement, delinquency and premature school departure as well

as social functioning (e.g., Ferdinand, Stijnen, Verhulst, & Van der Reijden, 1999; McGee,

Prior, Williams, Smart & Sanson, 2002). Concern over their far-reaching effects as well as

high prevalence rates (Achenbach, Dumenci, & Rescorla, 2003) has motivated a search for

the sources of individual variability in behaviour problems.
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Although the results are somewhat mixed, behavioural genetic studies of behaviour

problems converge in their indication of significant genetic influences, negligible to modest

shared and moderate nonshared environmental influences (for review, see Saudino, Ronald

& Plomin, 2005). While such studies are informative, the identification of specific genes and

environments responsible for the variance remains a challenge for molecular and

behavioural genetic researchers.

Classroom Environment & Child Behaviour

For school-age children, it is clear that the classroom setting is a potential source of child-

specific environment, not least because the pupil-teacher relationship plays an important role

in creating the right conditions for motivating children (Turner, Midgley, Meyer, Gheen,

Anderman et al., 2003). For example, a recent study indicated associations between poor

classroom environment and an increase in emotional and behavioural problems (Somersalo,

Solantaus, Almqvist, 2002).

Despite the seemingly obvious relationship between classroom environment and classroom

behaviour, relatively little research has sought to explain it. Furthermore, extant research has

not accounted for the fact that such associations may be due to gene-environment

correlations, that is, individuals may have ‘genetic control’ of exposure to the environment

(Kendler & Eaves, 1986). This can take one of three forms: passive, reactive, or evocative

gene-environment correlations (Plomin, DeFries, & Loehlin, 1977); the latter two are most

likely to be involved in relationships between classroom environments and behaviour

problems. Reactive gene-environment correlation refers to the evocation of reactions from

others on the basis of an individual’s genetic propensities; for example, teachers may

respond less supportively to a behaviourally difficult child. Active gene-environment

correlation occurs when individuals select and modify their environments on the basis of

their genetic propensities; for example, a behaviourally difficult child may seek out less

well-behaved peers.

MZ Differences Method

Plomin & Daniels (1987) identified three challenges for researchers seeking to unravel the

role of nonshared environment in psychology: identify environments that are specific to

children in the same family, relate these differential environments to differential outcomes,

and disentangle the direction of causality. Limited to a cross-sectional design, the current

study does not attempt to tackle the third of these challenges, which remains an important

focus for future research. However, our study of monozygotic (MZ) twins addresses the first

two of these challenges using a simple and elegant method for identifying effective

nonshared environments: the MZ differences method. This method exploits the fact that MZ

twins share 100% of their genes, and thus any differences between their environments is

purely nonshared (Pike, Reiss, Hetherington, & Plomin, 1996). For MZ twins, such

differences cannot be due to differing genes eliciting differential environmental experiences,

as is possible in the case of typical siblings who share (on average) only 50% of their

segregating genes. Several studies using the methodology have now been published (e.g.,

Asbury, Dunn, Pike, & Plomin, 2003; Caspi, Moffitt, Morgan, Rutter, Taylor et al., 2004;
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Lehn, Derks, Hudziak, Heutink, van Beijsterveldt, & Boomsma, 2007; Sharp, Gottesman,

Greenstein, Ebens, Rapoport, & Castellanos, 2003).

Many of these studies have had children’s behaviour problems as their focus, typically

testing parental differential treatment as the nonshared environmental candidate. For

example, differential maternal expressed emotion has been identified as a risk factor for

antisocial behaviour (Caspi et al., 2004) and differences in harsh discipline and negative

parental feelings have been linked to twins’ prosocial behaviour, hyperactivity, and conduct

problems (Asbury et al., 2003). Extra-familial environmental factors have received little

attention; the current study is the first to examine the classroom environment as a potential

nonshared environmental factor.

In the current study, we assess children’s perceptions of their classroom as a candidate for

explaining MZ twin differences in problem behaviour. Children’s own perceptions of their

classroom environment were used because of their critical importance - over and above

objective measures - for individual and academic outcomes (for review see Dorman, 2002;

also, Anderman, 2002).

Moderation by Shared Environmental Factors

Although traditional quantitative genetic theory makes the assumption that genes, shared

and nonshared environments work in an additive fashion to influence outcomes,

methodological and statistical advances have documented G-E correlations and GXE

interactions (Rutter, 2006). Additionally, shared environmental risk factors such as low

socio-economic status have been associated with increased parental differential treatment

(Jenkins, Rasbash, & O’Connor, 2003), again indicating that simplistic additive models may

mask important interactive processes. The current study examined whether shared

environmental factors moderated links between differential classroom environment (the

nonshared environmental candidate) and children’s problem behaviour. We chose one distal

shared environmental factor, socio-economic status, and one proximal factor, household

chaos (an environment that is high in noise and crowding, and low in regularity and routines

(Wachs, 2005)), as the prospective moderators.

Previous research indicates a small but consistent link between socio-economic status (SES)

and children’s problem behaviour (e.g., Huston, McLoyd, & Coll, 1994). Further, SES has

been shown to moderate the relationship between child temperament and parental warmth,

with stronger relationships found in lower SES families (Jenkins et al., 2003). Far less

research has been conducted concerning household chaos, although links have been found

with children’s behaviour problems (e.g., Dumas, Nissley, Nordstrom, Smith, Prinz et al.,

2005). More importantly, chaos has been shown to moderate the association between

parenting and behaviour problems, such that children in highly chaotic homes who also

experienced poorer quality parenting were at particular risk for behaviour problems

(Coldwell, Pike, & Dunn, 2006). Based on these findings, SES and household chaos were

deemed appropriate shared environmental factors that could moderate associations between

differential classroom environment and behaviour problems.
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Current Study

Sampled from a large population-based sample of twins, our study used a multi-informant

approach to avoid rater bias – a limitation of previous MZ difference research described by

Rutter (2006). The over-arching goal was to explore the relationship between aspects of the

classroom environment and MZ differences in behaviour problems. Specifically, we aimed

to: (i) identify the extent to which MZ twins in middle childhood perceive their classrooms

differently, (ii) examine the links between differential classroom environments and twin

differences in behaviour problems and (iii) assess potential moderation of the associations

by SES and household chaos.

Method

Sample

The Twins’ Early Development Study (TEDS), a longitudinal study of U.K. twins born in

1994, 1995 and 1996, formed the sampling frame for the current study. TEDS has been in

contact with the twins and their families since infancy, and continues to follow them through

childhood and into adolescence. TEDS has been shown to be reasonably representative of

the U.K. population, and is described elsewhere (Trouton, Spinath & Plomin, 2002; Oliver

& Plomin, 2007).

When the 1994 and 1995 cohorts were nine years old, data were collected from children,

parents and teachers. Full data - that is data from parent, teacher and from both twins in the

pair were available for 2,325 families (4,650 children). After medical and missing data

exclusions, we selected only MZ twins for the present analyses. We further selected twins -

approximately one third of the remaining sample - in different classrooms (with different

teachers), for three main reasons. First, restricting the sample in this way ensures that every

co-twin was rated by a different teacher, second, the classroom environment experienced by

the twins was unique, providing a more generalisable measured nonshared candidate, and

third, this scenario mimics that for most non-twin children who do not attend classes with

their siblings. Single teacher ratings for both members of MZ twin pairs are likely to be

more similar than those from different teachers; while it is possible that this is a reflection of

greater similarity between twins sharing their classroom environment, it can also be due to

rater bias. This issue is considered further later (see Results). Zygosity was assigned using

DNA testing. The current sample consisted of 285 twin pairs (570 children), 123 boy, and

162 girl pairs. The mean age was 9.03 years (range = 8.46 – 10.27 years) when teacher

questionnaires were received and 9.01 years (range = 8.44 – 10.34) when parent and child

questionnaires were returned. Informed consent was obtained.

Measures

Behaviour—Teacher assessments of the children’s behaviour at school were collected

using the 25-item Strengths and Difficulties Questionnaire (SDQ: Goodman, 1997),

designed to measure behaviour problems and competencies in children aged 3–16 years. The

rater is asked to indicate whether attributes are “not true” (score=0), “somewhat true”

(score=1) or “certainly true” (score=2) for the child. The SDQ provides scores (derived by

Oliver et al. Page 4

J Child Psychol Psychiatry. Author manuscript; available in PMC 2014 June 27.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



summing five items for each scale) assessing prosocial behaviour, hyperactivity-inattention,

conduct problems, peer problems, and emotional symptoms. The SDQ’s validity and

reliability is well established (Goodman, 2001).

Classroom Environment—Children’s perceptions of the classroom (CEQ) were

assessed using a modified version of the School Life Questionnaire (Ainley & Bourke,

1992), adapted TEDS by a) selecting the four highest-loading items for six domains

(General Satisfaction, Negative Affect, Social Integration, Opportunity, Pupil-Teacher

Relationship, and Adventure), a total of 24 items; and b) modifying all items to make them

appropriate for nine year-olds. Child responses to items within each domain were summed,

creating six individual scale scores. Reliabilities for all domains were high and comparable

to published reports (mean alpha = .72 (.61–.80)).

Socio-Economic Status—Using information provided by parents, an index of socio-

economic status (SES) was created based on a factor analysis of fathers’ and mothers’

highest educational qualification, fathers’ and mothers’ occupation, and mother’s age at

birth of eldest child. Each variable was standardised, and summed using unit weights.

Chaos in the Home—Household disorganization was examined using a short version of

the Confusion, Hubbub and Order Scale (CHAOS; Matheny, Wachs, Ludwig, & Phillips,

1995), and comprises six items such as ‘We are usually able to stay on top of things’, ‘You

can’t hear yourself think in our home’, and, ‘It’s a real zoo in our home’ (1 = definitely

untrue; 5 = definitely true). Higher scores indicate greater disorganization. Items were

summed to produce a total household disorganization score. Internal reliability of this

measure in TEDS is adequate (alpha = .52).

With the exception of prosocial behaviour, where a high score indicates more prosocial

behaviour, all teacher, child and parent scales were coded in the direction of risk, such that a

high score indicated more problem behaviour (SDQ) and less favourable perceptions of the

classroom environment (CEQ).

As expected, significant sex differences were found for both SDQ and CEQ scales, with

SDQ correlations with sex greater in magnitude (mean r = 0.21; range r = 0.01 (emotional

symptoms) − 0.38 (hyperactivity-inattention)) than those for CEQ scales (mean r = 0.11;

range r = 0.01 (Social Integration) − .17 (Pupil-Teacher Relationship)). Thus, SDQ and CEQ

scales were adjusted for sex. The scales were also adjusted for age, and standardized to a

mean of zero and standard deviation of 1 on the basis of the entire TEDS sample, after

excluding twins with major perinatal and/or medical problems. These residuals were used in

the analysis because the age and sex of twins in this same-sex sample are perfectly

correlated across pairs, and variation in age and sex could contribute to the correlation

between twins, which may be misrepresented as shared environmental influence (McGue &

Bouchard, 1984).
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Results

In order to assess the extent to which MZ twins in middle childhood perceive their

classrooms differently, MZ twin correlations of their perceptions of their classroom

environments were calculated. These were moderate in magnitude: r = .38, .32, .36, .22, .36,

and .40 for General Satisfaction, Negative Affect, Social Integration, Opportunity,

Adventure, and the Total score respectively. These associations thus indicated substantial

dissimilarity in MZ twin classroom environment. Twin correlations for SDQ (.33 – .52) also

indicated considerable non-shared environmental influences for teacher-reported behaviour,

thus allowing for the possibility that MZ twin differences in perceived classroom

environment could account, at least in part, for MZ twin differences in teacher-observed

behaviour problems.

Table 1 presents phenotypic correlations between children’s perceptions of the classroom

environment and teacher-reported SDQ subscales, half of which were significant (.01 – .33;

average significant correlation, .21).

Within pair relative difference scores were calculated for the CEQ and SDQ scales by

randomly assigning one of the twins of each pair as Twin1 and the other as Twin2 and

subtracting the Twin2 score from the Twin1 score. We correlated MZ differences in

classroom environment with MZ differences in behaviour (see Table 2). Nine of the 30

correlations were significant, and modest in magnitude. Negative Affect, Social Integration,

Opportunity, and Adventure subscales all yielded links across more than one domain of

behaviour. All significant correlations were in the expected direction, indicating that twins

who reported less satisfaction with their classroom environment than did their co-twin

displayed more problematic behaviour than did their co-twin. It should be noted, however,

that the correlations presented were not corrected for multiple tests of significance, and that

just two of the associations were significant at p < .01. We chose a liberal strategy for this

study due to this being the first investigation of classroom environment as a nonshared

environmental candidate. Caution, pending replication, is of course warranted.

For interest, we reran our analyses for twins in the same classroom. As expected, MZ twin

similarity for both teacher-rated behaviour and twins’ perceptions of the classroom were

higher than for those twins in different classrooms. Importantly, correlating behaviour

differences with CEQ differences indicated that correlations for twins in the same classroom

were remarkably similar to, though slightly smaller in magnitude than, those in different

classrooms (same teacher: average correlation = .06 (.01 – .13); different teacher: average

correlation = .08 (.01 – .19).

Multiple regression analyses were conducted to assess the total and relative contributions of

differential CEQ to the prediction of the SDQ subscales. Table 3 shows that the multiple Rs

ranged from .11 to .23, suggesting that MZ CEQ differences account for 1–5% of the

variance of the SDQ scales. There were few independent predictions, however: Social

Integration independently predicted prosocial behaviour and conduct problems, and

Negative Affect independently predicted peer problems. One reason why the CEQ scales did

not independently predict SDQ is that the CEQ scales are correlated (.04 – .58; average
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correlation, .32). A factor analysis of the CEQ scales indicated that a principal component

accounted for 48% of the variance. For this reason, a total CEQ score was calculated (CEQt)

to provide a more global index of differences in MZ twins’ perceptions of the classroom.

Phenotypic correlations between CEQt and SDQ scales were all significant (see Table 2),

bar that with emotional symptoms: −.22, .23, .22, .21 and .03 for prosocial behaviour,

hyperactivity-inattention, conduct problems, peer problems and emotional symptoms

respectively.

As well as assessing the relationships between MZ differences in perceptions of the

classroom and teacher-reported behaviour problems, the effects of potential shared

environmental moderators – reported by parents – of these relationships were assessed. We

examined the moderating effects of SES and household chaos. To determine whether SES

moderated the link between differences in CEQ and behaviour problems, a hierarchical

multiple regression predicting SDQ behaviour problems was conducted in which CEQt and

SES were added in Step 1. In Step 2, the interaction term (CEQt*SES) was entered which

provides the test for moderation. A significant R2 change from Step 1 to Step 2 indicates

significant moderation by SES of the association between classroom environment and

behaviour problems. SES did not significantly moderate any of the relationships between

MZ differences in CEQt and the SDQ scales. Next, we tested for moderation by household

chaos using the same hierarchical regression approach. Parent-reported household chaos

significantly moderated the relationships between MZ differences in CEQt and MZ

differences in conduct problems and emotional symptoms. Correlations were calculated

separately for twins living in high chaos homes and low chaos homes. For conduct

problems, these correlations were .06 (ns) and .21 (p < .05), for the low and high chaos

groups, respectively. For emotional symptoms, these correlations were .15 and −.02, for the

low and high chaos groups, respectively, however neither association was significant.

Discussion

We conducted an MZ twin differences study of nine-year olds attending different

classrooms to investigate children’s perceptions of their classroom environment in relation

to teacher-reported behaviour problems. The MZ differences approach linked twin

differences in environment with twin differences in outcome. In this way, we have identified

a critical – and specific – aspect of nonshared environmental influence linked to behaviour.

We also found a moderating effect by household chaos for conduct problems, such that the

effect of the classroom environment was exacerbated in the context of more chaotic home

environments. These two main findings are discussed in turn, followed by a discussion of

the limitations of the study and future directions for research.

Classroom Environment and Behaviour Problems

The present study indicated that MZ differences in child-reported classroom environment

were significantly associated with teacher-reported problem behaviours. We investigated six

aspects of the classroom in relation to five behaviour problem subscales. Nine of the

correlations between differences in classroom environment and differences in behaviour
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problems were significant. All of these correlations indicated that twins with less favourable

perceptions of the classroom environments had more behaviour problems.

The amount of variation in children’s behaviour problems accounted for was small (2 – 3%).

Previously, such effects have been interpreted rather negatively by some researchers:

“…we believe that the appropriate conclusion is the causal mechanisms underlying

nonshared environmental variability in outcome remain unknown. The first

candidate to receive serious consideration – objectively nonshared environmental

events – does not appear likely to provide such an explanation”

(Turkheimer & Waldron, 2000, p. 91).

We hold a more optimistic, and we believe realistic view. Genetically sensitive analyses like

those reported here are conservative. Unlike typical phenotypic analyses, the MZ differences

approach does not capitalize on genetically or shared environmentally mediated links

between the environment and children’s behaviour. Just as molecular genetic research

pinpoints specific genes linked to individual differences in behaviour, our analysis pinpoints

the degree to which a specific nonshared environmental candidate (classroom environment)

is linked to problem behaviour. Geneticists do not expect to find that single genes explain

more than 1% of the phenotypic variance of common disorders (Plomin, 2005) and we argue

that specifying environmental influences is a similar pursuit. Thus, we hypothesize that

children’s behaviour problems are explained by many genetic factors, as well as by many

environmental factors.

Moderation by Specific Shared Environmental Factors

A striking finding in the current study came in the assessment of two potential shared

environmental moderators of associations between classroom environment and behaviour

problems. SES was not a significant moderator; this result may at first sight be surprising

given that SES has been found to influence behaviour problems. However, moderation is

independent of individual associations between the measures, so the extent to which SES

(and chaos) are related to classroom environment and behaviour problems is irrelevant to

moderation results. Furthermore, like other distal processes, effect sizes for the influence of

SES are usually small, and previous research suggests that more potent influences on

behaviour problems are in the form of proximal processes. For example, poor parenting style

has a greater influence on behaviour problems than being raised in a single-parent family

(Amato, 2001).

The moderating influence of household chaos found elsewhere (Coldwell et al., 2006) was

replicated in our study: associations between differential classroom environment and

conduct problems were greater for children in more chaotic households. Previous research

(e.g., Jenkins et al, 2003) has shown that shared environmental factors can exacerbate

differential treatment; we go a step further showing that shared environment can affect the

process by which the nonshared environment links to conduct problems.

Two theoretical ideas assist in interpreting these findings. Our results are an example of

Rutter’s “cumulative risk” phenomenon; Rutter (1979) and others (e.g., Deater-Deckard,

Dodge, Bates, & Pettit, 1998) have found that whilst children may withstand a single
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environmental risk (e.g., parental divorce) unscathed, each successive risk factor works in an

exponential fashion, increasing risks of mental health problems more dramatically than an

additive model would predict. In our study, the significant interaction effect (CEQt*Chaos)

indicates that the children most at risk were those with both a disorganized home

environment, and a classroom environment that they deemed less satisfactory than their

twin. This finding also provides a reminder that considering the multiple contexts of

children’s lives, and the inter-relation among them is essential for fully understanding

children’s development. In his conceptualisation of children’s developmental contexts,

Bronfenbrenner (1994) includes microsystems -- those contexts that children are directly in

contact with, such as home and classroom environments -- as well as the mesosystem –

interaction effects among different microsystems. The moderation effects found here are just

such effects, and suggest that the influences of the home and the school environment cannot

be fully understood unless both are considered simultaneously.

Limitations and Future Directions

The primary limitation of the study is that measurement was limited to postal questionnaires,

a ‘cost’ of the large TEDS sampling frame; in-depth investigations with a focus on multi-

method assessments (e.g., observations) of environmental processes are needed to

complement our findings. However, our use of questionnaire measures has advantages, not

least the assessment of differential perceptions of the classroom by questionnaire, which

may encourage more candid responses, for example in children’s descriptions of the pupil-

teacher relationship.

The cross-sectional nature of the associations reported mean that the direction of effects

cannot be established. For example, it is plausible that a twin displaying more behaviour

problems would elicit more negative reactions from their teacher, and, equally, that a twin

experiencing a more negative classroom environment would exhibit more problem

behaviour. Moreover, it is feasible that another nonshared environmental factor – one

causing MZ twins to differ in their classroom experience, and correlated with behaviour –

may be accounting for the associations observed in the current analyses. Future longitudinal

analyses (although not ruling out third variable explanations) are planned and will allow

specification of the chronology of nonshared environment–behaviour links.

Previous studies have indicated that boys and girls experience classroom environments

rather differently (e.g., Gentry, Gable, & Rizza, 2002). Therefore, although also beyond the

remit of the current study, future research to explore the relationship between perceptions of

the classroom and behaviour problems separately for boy-boy and girl-girl pairs is likely to

be of interest and value.

The moderation effect shown in this report is provocative, and demonstrates that simple

additive models cannot capture all of the relevant processes in development. As well as

testing additional nonshared environmental candidates in the traditional manner, large

samples of MZ twins will be required to identify possible interactions with both shared and

nonshared environmental factors. Furthermore, improving and supplementing the analytical

tools available will help tackle the daunting but critical task of identifying specific

Oliver et al. Page 9

J Child Psychol Psychiatry. Author manuscript; available in PMC 2014 June 27.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



environmental factors responsible for the considerable nonshared environmental variance

found for most complex behaviours.
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