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Abstract
Goodman’s (1997) Strength and Difficulties Questionnaire (SDQ) is widely used to measure emotional and behavioural difficulties in childhood and adolescence. In the present study, we examined whether the SDQ measures the same construct across time, when used for longitudinal research. A nationally representative sample of parents (N=3375) provided data on their children at ages 4, 5, and 6. Using confirmatory factor analysis (CFA) for ordinal data, two competing models (3 versus 5-factor models) were tested to establish equivalence across time. Results showed that the 5-factor model had a superior fit to the data compared to the alternative 3-factor model which only achieved an adequate fit at a configural level. Strong longitudinal factorial invariance was established for the 5-factor parent version of the SDQ. Our findings support the use of the SDQ in longitudinal studies, and provide the important psychometric information required for basing educational, clinical and policy decisions on outcomes of the SDQ.








Introduction
Behavioural patterns in childhood are important predictors of future outcomes in adolescence and adulthood. For instance, significant associations have been found between behavioural difficulties in childhood and transition to school (Normandeau & Guay, 1998), academic underachievement (Masten et al., 2005), criminality, unemployment, and psychosomatic disorders (Fergusson, Horwood, & Ridder, 2005). There are also significant consequences in the form of direct aggression, stress, conflict, and high dependency for parents and professionals who interact with children identified as having behavioural problems (Hastings & Bham, 2003; Mejia & Hoglund, 2016; Neece, Green, & Baker, 2012). The associated financial costs to society are equally staggering. Estimates in the United Kingdom suggest that the state spends about ten times more on a young adult who had conduct problems as a child compared to a problem free peer (Scott, Knapp, Henderson, & Maughan, 2001). As a result, researchers, policy makers and practitioners have become interested in identifying and tracking trajectories of behavioural difficulties so that early intervention and prevention mechanisms can be deployed (Moffitt, 1993; Scottish Government, 2008; Wilson et al., 2013). 

Although a wide range of scales exist, R. Goodman’s (1997) Strength and Difficulties Questionnaire (SDQ) is one of the most frequently used behavioural rating scale in educational, research and clinical settings for assessing emotional and behavioural patterns in childhood. This 25-item questionnaire measures psychological adjustment in 3-16 year olds in five sub-domains. Of these, four subscales measure difficulties (conduct problems, hyperactivity, emotional problems, and peer relational problems), while the fifth measures strengths (prosocial behaviour). There are three versions of the scale (a parent, teacher, and self-report) and these have been translated into about 79 languages (Kersten et al., 2016). Studies and reviews into the psychometric properties of the SDQ suggests that it has good structural, concurrent, discriminant, convergent, and predictive validity (e.g., Chiorri, Hall, Casely-Hayford, & Malmberg, 2016; Croft, Stride, Maughan, & Rowe, 2015; Kersten et al., 2016; Stone, Otten, Engels, Vermulst, & Janssen, 2010). While support for the 5-factor model has been established, an alternative 3-factor model which consists of an externalising (hyperactivity and conduct problems), internalising (emotional problems and peer problems) and prosocial scale has also been proposed for use due to significant conceptual overlap between subscales (Dickey & Blumberg, 2004; A. Goodman, Lamping, & Ploubidis, 2010). Other researchers have suggested eliminating ‘problematic items’ and using a version with reduced number of items (Chauvin & Leonova, 2015).

Overall, the SDQ has an advantage of brevity with completion time of about 10 minutes (McCrory & Layte, 2012). It has therefore become a key measure in several longitudinal studies funded by national governments (e.g., Bradshaw, Lewis, & Hughes, 2014; Stone et al., 2010). Crucially, the proportion of children identified as having behavioural difficulties based on outcomes of the SDQ form critical benchmarks in countries such as Scotland and the Netherlands for assessing changes in child welfare, and by extension the effectiveness of national policies (Black & Martin, 2015; Bradshaw et al., 2014; Stone et al., 2015). In the United Kingdom, schools and social workers are required to assess pupils with the SDQ and decisions about funding support and referral to mental health services are based on outcomes of SDQ scores (e.g., Department for Education, 2012; 2015). Additionally, ratings on the SDQ and changes over time are used to inform and evaluate clinical and educational interventions (Reynolds, MacKay, & Kearney, 2009; Van Sonsbeek et al., 2014). In other words, important educational, clinical, and policy decisions tend to be at least partly based on outcomes from the SDQ. 

Behavioural rating instruments such as the SDQ are however subjective (Borsboom, 2005). This is crucial in longitudinal research where several factors such as age, experience, context and personal choices can change and affect how individuals respond to items (Little, 2013). Thus, the way respondents understand constructs measured by the SDQ can change over time and longitudinal studies may not accurately reflect ‘true change’ in contrast to “change due to measurement” (Oort, 2005; Widaman, Ferrer, & Conger, 2010). This phenomenon, referred to as ‘response shift’, can occur due to changes in respondents’ internal standards, their values and priorities, or their conceptualisation of a target construct across time (Oort, 2005; Schwartz & Sprangers 1999).  

Schwartz and Sprangers (1999) identified three different ways in which one’s self-evaluation of a target construct can change over time. The first, scale recalibration, refers to changes in a respondent’s internal standards of measurement and can occur when participants revise response scale values across time. For example, a score of 2 (Certainly True) on item 5 on the SDQ (child often has temper tantrums) measured at age six may reflect a different level of tantrums than measures obtained at age four. Secondly, reprioritization which refers to a change in a respondent’s values can occur when participants attach a different level of importance to an item in the context of the total scale. For example, child being obedient (item 7) may have had more importance when compared to tantrums (item 5) to a parental respondent at age 4, but this prioritization may have changed over time. Finally, reconceptualization which refers to redefinition of a target construct can occur when there is a change in the meaning that respondents attach to items. For instance, a parent’s understanding of ‘child being restless’ (item 2) may be different when their child was four years old, compared to when they are six years of age due to the experience of being a parent over time.  

Thus, for studies using the SDQ to meaningfully evaluate change in behaviour, it is important that observed changes are not due to any form of response shift on the instrument (Oort, 2005; Schwartz & Sprangers 1999; Widaman et al., 2010). These assumptions of changes in meanings of items or constructs are evaluated in this paper within a framework of invariance testing. A scale is longitudinally invariant if participants retain the same meaning of indicators and constructs across time (Little, 2013; Millsap, 2011). More specifically, invariance testing within a longitudinal framework examines the relations between constructs and the items used to measure them, and whether the relations are stable across occasions (Widaman et al., 2010). Judgement can be made about whether an instrument has strong, weak or no factorial invariance across time depending on the extent to which certain conditions are met. Assuming the structure of the model is the same across time, weak factorial invariance is achieved when all common factor loadings are the same across time, and strong invariance is reached when factor loadings, intercepts or thresholds are the same across time (Little, 2013; Meredith, 1993; Widaman et al., 2010). According to Oort (2005), the parameters tested within longitudinal measurement invariance models provide a framework for formerly evaluating different types of response shift (Table 1). Specifically, changes in the value of factor loadings of an observed item over time suggests that the item has become more or less important to the measurement of the latent construct of interest, an indication of reprioritisation. Differences in item intercepts or thresholds over time suggest that participants have changed their interpretation of response scale values, a sign that recalibration has occurred. Finally, different salient factor loadings over time or common factor loadings that change from zero to non-zero would indicate a change in the meaning attached to specific items, hence reconceptualization. Assessing whether the SDQ is invariant over time is therefore an imperative before making recommendations based on change scores derived from the instrument.  
--------------------------------------------
INSERT TABLE 1 HERE
---------------------------------------------
The Present Study
A careful examination of the extant psychometric literature on the SDQ however reveals a paucity of studies into whether or not scores obtained from the instrument are valid and reliable over time. Kersten et al. (2016) in their systematic review of the SDQ raised concerns about the lack of evidence of test-retest reliability, an issue related to measurement invariance over time. As far as we are aware, only one study (Croft et al., 2015) using the United Kingdom Millennium Cohort Study has so far attempted to explore factorial invariance of the SDQ across time despite its predominant use in longitudinal research. In their study, Croft and her colleagues first explored invariance for each subscale of the parent version and found an adequate fit for the conduct problem and prosocial behaviour subscales across time. However, only weak invariance was found for other subscales. With respect to the 5 factor model, weak (metric) rather than strong (scalar) longitudinal factorial invariance was achieved suggesting the possibility of a response shift for some subscales over time (Oort, 2005). Fundamentally, weak measurement invariance raises questions about the validity of comparing key parameters such as regression coefficients, means of latent variables, and composite scores across time (Millsap, 2011). As noted by Widaman et al. (2010), absence of strong longitudinal invariance raises questions about the validity of longitudinal outcomes derived from an instrument due to a higher likelihood for ambiguous or misleading conclusions about change.  In other words, the evidence for invariance of the SDQ across time is not fully established and warrants further investigation. 

In the current study, we address this research gap by using data from a nationally representative sample of children in Scotland to test whether or not strong longitudinal factorial invariance for the parent version of the SDQ is tenable. Our strategy involved initially testing two theoretically competing models (3 and 5-factor). This was followed by a series of nested models with increasing levels of restrictions to establish the validity and reliability of the SDQ across time. Our study, being only one of two studies to explore longitudinal invariance with a new dataset, contributes crucial knowledge on the validity of making clinical, educational, policy, and research decisions based on scores derived from the SDQ across time. It is also one of a few studies to explore invariance in models with more than two subscales.

Methods
Dataset and Participants
We used data from the Growing Up in Scotland Survey (GUS), a longitudinal survey of children born in Scotland. To ensure a nationally representative sample, participants were selected using a multi-stage stratified random sampling technique of all eligible children within a cohort year. Data were obtained annually through face-to-face interviews of the child’s main carer (mostly mothers, 95.5% of respondents). The GUS consists of multiple cohorts (1 child, and 2 birth cohorts). Further details on the sampling procedure and method of data collection are available on the GUS website (http://growingupinscotland.org.uk/) and official user guides (Bradshaw, Corbett, & Tippings, 2013).

This study uses data from 3 waves (2008/09 to 2010/11) of the first Birth Cohort survey when children were just about 4, 5 and 6 years old. The Birth cohort survey started in 2005 when the children were 10.5 months old. Subsequent waves were obtained at 22, 34.5, 46, 58, and 70 months respectively. A total of 5212 children born between June 2004 and May 2005 were recruited for the initial survey in wave one. 3375 participants who responded to all three waves of data collection (4, 5, & 6) during which SDQ data were obtained, were retained for analysis. This represents 94.2% of all eligible respondents (those who completed all previous 5 waves) and 64.7% of all Wave 1 cases. The gender distribution of the cohort sample was 51.3% male and 48.7% female. Ethnicity of the cohort children as designated in the GUS dataset was 96.5% ‘White’ and 3.5% ‘Other ethnic background’. Equivalised household income suggests that about 15%, 19%, 20%, 24% and 22% of respondents were from the bottom, second, third, fourth and top income quintiles of Scotland respectively. 

Strength and Difficulties Questionnaire (SDQ)
The parent-report version of the SDQ (Goodman, 1997) was used at waves 4, 5 and 6 of the GUS survey corresponding to when children were aged 4, 5 and 6 years old. Participants responded to the 25 items measuring five subscales. Each subscale consists of five items. Sample items for each subscale are: conduct problems (e.g. child often has temper tantrums or hot tempers), hyperactivity-inattention (e.g., child is restless, overactive, cannot stay still for long), emotional symptoms (e.g., child has many worries, often seems worried), peer problems (e.g., child rather solitary, tends to play alone), and prosocial behaviour (e.g., child shares readily with other children). The SDQ was administered to the parents as a self-complete module during the interview process. Parents rated the cohort child on a 3-point scale (0 – Not true; 1 – Somewhat true; 2 – Certainly true). 

Mean values of items on the difficulties scales ranged from 0.03 (Steals) to 1.02 (Thinks), while those on the prosocial scale ranged from 1.42 (Shares) to 1.81 (Kind). Skew and kurtosis indices of difficulties scale items ranged from -0.01 to 3.69, and -1.04 to 13.99 respectively. However, one item (Steals) had outlier skew and kurtosis values of 7.58 and 61.82. Values for items on the prosocial scale ranged from -2.09 to -0.28 and -0.24 to 3.56 respectively. Given our sample size and analysis procedure, these deviations from normality did not affect our findings. Subscale scores (from 0 – 10) and a total difficulties score (from 0 – 40) which excludes the prosocial subscale can be computed for each participant based on composite score of items. Weighted mean and standard deviation scores in this sample were low for conduct problems (M1=1.97, SD1=1.43; M2=1.76, SD2=1.44; M3=1.60, SD3=1.45), hyperactivity-inattention (M1=3.69, SD1=12.22; M2=3.76, SD2=12.34; M3=3.61, SD3=2.41), emotional symptoms (M1=1.19, SD1=1.38; M2=1.27, SD2=1.49; M3=1.28, SD3=1.59), and peer problems (M1=1.17, SD1=1.42; M2=1.04, SD2=1.37; M3=1.00, SD3=1.39) across time, and high for prosocial behaviour (M1=7.84, SD1=1.75; M2=8.21, SD2=1.65; M3=8.39, SD3=1.65). Using Goodman’s (1997) cut-off points for each subscale[footnoteRef:1], the proportion of children with ‘abnormal’ levels of difficulties across time were as follows: conduct problems (14.2%, 11.9%, and 10.4%), hyperactivity and inattention (11.3%, 12.3%, and 12.3%), emotional symptoms (2.8%, 4.1%, and 4.8%), peer problems (7.3%, 6.6%, and 6.6%). Proportion of normal levels of prosocial behaviour across time was 89.4%, 92.5% and 93.2% respectively. Overall, these figures are consistent with previous findings in non-clinical samples (A. Goodman & R. Goodman, 2011).   [1:  Cut-off points for each subscale are based on bandings derived from population surveys. The bandings were derived such that 80% of children scored ‘normal’, 10% ‘borderline’ and 10% ‘abnormal’. Specific cut-off points for ‘abnormal’ scores are as follows: Conduct (4-10); Hyperactivity (7-10); Emotional (5-10); Peer problem (4-10). Score of 6-10 represent ‘normal’ levels of Prosocial Behaviour. For further details see http://www.sdqinfo.com/py/sdqinfo/b3.py?language=Englishqz%28UK%29] 


Analytic Procedure
Testing Configural, Metric, and Scalar Invariance over time.
To assess longitudinal measurement invariance of the SDQ, two competing and three nested models were specified and tested to the same dataset using a confirmatory factor analysis framework (Little, 2013; Widaman et al., 2010). Our approach follows three logical steps – configural, metric and scalar invariance testing (Figure 1). In the configural model, we explored whether the structure of the SDQ was invariant over time. Two competing models, that is, the original 5-factor model as well as the 3-factor model (externalising, internalising, and prosocial) were tested. Although studies testing alternative conceptualisations have consistently demonstrated superior structural validity of the original 5-factor model (Kersten et al., 2016; McCrory & Layte, 2012), the 3-factor model has been recommended for use in epidemiologic studies and low risk populations (Dickey & Blumberg, 2004; A. Goodman et al., 2010). In the configural model, only the structure of the models (i.e., 5 factors or 3 factors) and number of items (i.e., 25 items) were specified to be the same across time. To account for measurement obtained from the same participant over time, the covariances of the indicators errors (autocorrelated errors) were specified across each time point (Little, 2013; Newsom, 2015). All but two of the autocorrelated errors were subsequently found to be significant. Additionally, covariances were specified between all latent constructs at each time point. Both factor loadings and thresholds were freely estimated across each time points.

In step 2, a metric invariance model was tested using the best fitting model from the configural phase. Metric invariance was tested by specifying factor loadings (λ’s) for each item to be equal over time (e.g., λ2 at time 1= λ2 at time 2= λ2 at time 3; Coertjens, Donche, De Maeyer, Vanthournout, & Van Petegem, 2012). This is in addition to constraints in the configural model. Metric invariance tests if the relation between the items and factors specified in the SDQ are the same across time. Finally, scalar invariance was tested by specifying thresholds (τ’s) of items to be equal over time (e.g., τ2 time 1; threshold 1= τ2 time 2; threshold 1= τ2 time 3; threshold 1; Coertjens et al., 2012). Because our data was ordinal, thresholds, and not intercepts were specified (Davidov, Datler, Schmidt, & Schwartz, 2011; Millsap & Yun-Tein, 2004).  Specifically, thresholds represent the response shift on an item (e.g., from ‘Not True’ to ‘Certainly True’), and scalar invariance tests whether the difficulty level of moving from one response to another for each SDQ item remains constant across time (Coertjens et al., 2012; Davidov et al., 2011; Newsom, 2015). All latent variable means were freely estimated and allowed to differ across time.

----------------------------------------
INSERT FIGURE 1 HERE
----------------------------------------

Model estimation and missing data.
The ordinal nature of the data required that a weighted least squares means-variance (WLSMV) estimation procedure was used. WLSMV is a distribution free procedure that yields more accurate test statistics, parameter estimates and standard errors in CFA modelling with ordinal level data (Newsom, 2015). Analyses were undertaken in Mplus 7.2. The GUS survey is a clustered and stratified sample with longitudinal weights to adjust for selection probability and attrition. Longitudinal weights were generated using sociodemographic characteristics associated with non-response (e.g., employment, income, and age) so as to increase representation of respondents with non-response characteristics in the sample. As a result, we used the complex model specification option in Mplus for our analysis. This specification takes into account the effects of data cluster, stratification and longitudinal weights in the computation of model fit indices and parameter estimates (Muthén & Muthén, 2012). Since the sample had negligible item-level missing data over time (average of 1.9%; 1.28%, and 1% across age 4, 5, & 6 respectively), the weighted least squares treatment of missing data approach implemented in Mplus which uses all observed data to produce parameter estimates was used. This approach maximises the likelihood that estimates based on the observed data come from the sample population (Asparouhov & Muthén, 2010). 

Model evaluation.
Overall model fit was assessed using multiple indices (West, Taylor, & Wu, 2013). In the current study, we used the Tucker-Lewis Index (TLI) and the comparative fit index (CFI) with values greater than .90 and .95 indicative of “adequate” and “good” fit respectively (Hu & Bentler, 1999; Marsh, Hau, & Wen, 2004; West et al., 2013). Additionally, the root mean square error of approximation (RMSEA) values lower than .05 were indicative of good fit, with those ranging from .05 to .08 indicative of adequate fit (Browne & Cudeck, 1992; Hu & Bentler, 1999; West et al., 2013). Since competing and nested models were tested, significant changes in chi-square (ΔX2), changes in CFI of >0.01, as well as other model fit parameters must be examined to determine whether there was an unacceptable decrease in model fit for nested models  (Little, 2013; Cheung & Rensvold, 2002). While a ΔX2 is traditionally used to evaluate nested models, simulation studies (Cheung & Rensvold, 2002; Meade, Johnson & Braddy, 2008) suggest that it performs poorly against change in CFI in the context of invariance testing. This is because the ΔX2 is too sensitive to marginal differences (see Little, 2013). Thus, we relied on a set of measures in evaluating nested models with greater emphasis on change in CFI. With respect to the evaluation of competing models, global fit indices were used. Finally, the significance of parameter estimates, and the interpretability of the obtained solutions were taken into account in judging a model’s acceptability.
Results
Invariance of the SDQ over Time
Table 2 presents the fit indices for each of the models tested. Results of the configural model indicate that the 5-factor model (CFI = .95; TLI=.94; RMSEA=.02) had a better fit to the data than the more parsimonious 3-factor model (CFI = .92; TLI=.92; RMSEA=.02). Since, the fit indices indicate a good model fit for the 5-factor model but only an adequate fit for the 3-factor model, only the 5-factor model was explored in subsequent analyses. 

A metric invariance model restricting all factor loadings to be equal across time, in addition to constraints specified in the configural model, showed a good fit to the data (CFI = .95; TLI=.94 RMSEA=.01) with no evidence of a significant deterioration (ΔCFI=.003) in the 5-factor metric model. Finally, the scalar invariance model introducing additional restriction for all thresholds to be equal across time intervals resulted in an adequate model fit data (CFI =.95; TLI=.94; RMSEA=.01). The change in CFI was within the acceptable range (ΔCFI=-.002) suggesting no significant deterioration in model fit. Examination of modification indices did not show any significant form of local misfit. 

--------------------------------------------
INSERT TABLE 2 HERE
---------------------------------------------

Factor Loadings and Item Reliability
The standardised factor loadings for the 5-factor model (Table 3) were all high. Average standardised factor loadings ranged from .57 to .62 for conduct problems, .69 to .75 for hyperactivity/inattention, .60 to .68 for emotional symptoms, .55 to .62 for peer problems, and .61 to .65 for prosocial behaviour. Items with the highest factor loadings on each subscale remained prominent across time (e.g., ‘restless’ for hyperactivity, and ‘unhappy’ for emotional problems). The items with the lowest factor loadings across time were ‘steals from home, school or elsewhere’ (steals), ‘often lies or cheats’ (lies) from the Conduct problem scale, and ‘often complains of headaches, stomach aches, or nausea (somatic) from the Emotional problems scale. The relatively high standardised factor loadings and the explained variances (R2) of the items (Table 3) suggest that, on the whole, items in the SDQ are reliable.

--------------------------------------------
INSERT TABLE 3 HERE
---------------------------------------------
Association between SDQ Subscales across Time
Examination of the cross-scale association among the five SDQ subscales (Table 4) indicate stronger associations between externalising dimensions (conduct and hyperactivity, average r=.72) and internalising dimensions (emotional and peer problems, average r=.68) than with other subscales. However, values were within the threshold indicative of distinctive 5 factors. Associations between emotional symptoms and prosocial behaviour were small across time (r=-.18 to -.22). Additionally, high correlations between the same latent factors across time (Table 4) indicate a high degree of stability of individual differences over time. Estimated latent means over time suggest a decreasing trend for conduct and peer problems, an increasing trend in emotional symptoms and prosocial behaviour, and a non-linear trend in hyperactivity. However, the significance and nature of these trends are best determined using latent growth curve analysis (Little, 2013).
--------------------------------------------
INSERT TABLE 4 HERE
---------------------------------------------
Discussion and Implications
According to Little (2013), factorial invariance is one of the most important empirical questions in longitudinal research. This study explored whether the SDQ, one of the most commonly used instruments in developmental research is invariant over time. Importantly, the SDQ is currently being used in several longitudinal studies and findings are used to inform educational, clinical and policy decisions. Our findings demonstrate strong longitudinal factorial invariance for the 5-factor parent version of the SDQ, and we did not find any type of response shift. Specifically, the stability of factor loadings, invariance of factor loadings and thresholds across time suggests an absence of reconceptualization, reprioritisation, or recalibration of responses on the SDQ (Oort, 2005; Schwartz & Sprangers, 1999). In other words, respondents’ understanding of items and constructs measured by the SDQ remain the same across time. It can therefore be concluded that any observed changes in SDQ scores over time is attributable to ‘true’ change in children’s behaviours and emotions, based on parental behavioural ratings (Oort, 2005; Widaman et al., 2010). The findings therefore support the use of the SDQ for longitudinal studies enabling researchers, educational personnel, clinicians and policy makers to draw stronger conclusions about developmental changes (Widaman et al., 2010).  Further, the use of composite scores for subsequent analyses and decision making will be justified (Steinmetz et al., 2013).

While Croft and colleagues (2015) found weak invariance, our study confirms strong longitudinal invariance of the SDQ across time. However, the difference in findings between the two studies may be due to differences in study conditions. Firstly, in Croft et al.’s study, measurement of the SDQ were obtained when children were aged 3, 5 and 7 whereas our study was based on data obtained when children were aged 4, 5 and 6. Secondly, the version of the SDQ used at age 3 in Croft et al.’s study is a slightly modified version of the standard SDQ (4-16 years). Specifically, three items from the standard version (two conduct problems items, and one hyperactivity item) have been modified for children who are three years of age, and these items were freely estimated in Croft et al.’s study when testing for invariance. In other words, similar rather than identical instruments were used across time in their study. Our data on the other hand was based on only the standard version of the SDQ and all items were specified to be equal across time when testing for invariance.

Overall, R. Goodman’s (1997) 5-factor model was a superior fit to the data compared to the alternative 3-factor model tested. However, the 3-factor model in our study was an adequate fit at a configural level. While some previous studies have equally found an adequate fit for the 3-factor model (e.g., A. Goodman et al., 2010), this support is by no means universal (e.g., Croft et al., 2015; McCrory & Layte, 2012). Care is therefore needed in using the 3-factor model as the stability of this conceptualisation may be sample dependent. A sample specific investigation may therefore be warranted if the 3-factor model is to be employed for a longitudinal study. Closely linked to the above is the high association between conduct and hyperactivity subscales, and emotional and peer problems subscales. There is considerable conceptual overlap between these subscales which suggests the potential utility of an externalising and internalising subscale on the basis of parsimony. It also suggests that where there is pressure on respondent time, it may be possible to use only one subscale from the externalising and internalising dimensions. However, the above decisions would have to be balanced against the fact that the levels of associations between these subscales are within the benchmark indicative of distinctive 5 factors (Kline, 2005). As suggested in the literature, a 3-factor model may be useful in low risk populations and epidemiologic studies, while a 5-factor model may be of more value in high-risk samples (A. Goodman et al., 2010).  Researchers who are interested in only the difficulties subscales might also consider using a 2 factor model (internalising and externalising) without the prosocial scale. A follow-up analysis of this alternative specifications suggests a good model fit at the configural level (CFI=.94; TLI=.94).

Consistent with previous findings (McCrory & Layte, 2012; Stone et al., 2015), the items with the lowest factor loadings across time were ‘steals from home, school or elsewhere’ (steals), ‘often lies or cheats’ (lies) from the Conduct problem scale, and ‘often complains of headaches, stomach aches, or nausea (somatic) from the Emotional symptom scale. Careful examination revealed that these items have limited variance with less than 0.6%, 1.4% and 2.8% of parents endorsing them (see also McCrory & Layte, 2012), and one of these items (steals) had outlier skew and kurtosis values. White, Connelly, Thompson and Wilson (2013) also found that participants often report unease with these items. While some researchers have suggested eliminating these ‘problematic items’ (Chauvin & Leonova, 2015), we did not find any consistent evidence in our study to suggest that these items are a threat to invariance. It may also be the case that these are the items that legitimately differentiate between ‘abnormal’ and ‘borderline’ difficulties.   

Our study is limited by the fact that we have only explored longitudinal measurement invariance for the parental version of the scale, and are therefore unable to comment on other versions. Additionally, the current study is limited by data from three time points in early childhood. Multiple data points across early childhood, middle childhood and late childhood may provide a stronger evidence of invariance. However, the current study employs data which captures important transition time between preschool and early primary school. Further, our sample consists of a general sample of children rather than clinical samples. Thus, generalisation to clinical groups is not possible. Future studies should therefore consider exploring longitudinal invariance of the SDQ across versions and different groups. Finally, as noted by Widaman et al. (2010), achievement of measurement invariance while a useful first step cannot tell us about the utility the constructs measured. Thus, further prospective studies exploring the predictive power of the SDQ would be necessary for ascertaining the usefulness of the SDQ. 

The strength of our study lies in the use of nationally representative sample, accounting for the complex structure of our sample in our analysis, and application of Schwartz and Strangers’ (1999) theoretical framework of ‘response shift’ in exploring longitudinal invariance of the SDQ. On the whole, our research is only one of two studies to investigate measurement invariance of the SDQ across time. Furthermore we have taken the ordinal measurement of the items into account by using ordinal confirmatory factor analysis. Methodologically, it is one of a few studies to explore invariance in models with more than two-factors. Considering the extent to which scores from the SDQ are used to inform important educational, clinical and policy decisions around the world, our findings provide important psychometric information necessary for drawing substantive conclusions about changes in child welfare across time.  




Accepted version 



1

[image: ]
Figure 1. Specification of the longitudinal measurement model. For simplicity of illustration we used only the 1-factor model rather than the 5-factor model as in our study

Table 1. Relationship between Measurement Invariance Parameters and Typologies of response Shift (adapted from Oort, 2005)
	Parameters in Measurement Invariance
	Outcome
	Type of Response Shift

	1. Factor loadings equal across time
	Yes
	No response shift

	
	No
	Reprioritisation 

	2. Intercepts/thresholds equal across time
	Yes
	No response shift

	
	No
	Recalibration 

	3. Pattern of factor loadings stable across time
	Yes
	No response shift

	
	No
	Reconceptualization 
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Table 2. Model Fit Indices for the 5 and 3-Factor Measurement Invariance Models
	Model
	X2
	df
	CFI
	TLI
	RMSEA [95% CI]
	ΔCFI
	ΔWLSMV X2 (Δdf)

	Configural Invariance (3 factors)
	5314.25***
	2589
	.921
	.92
	.02 [.02, .02]
	-
	-

	Configural Invariance (5 factors)
	4432.30***
	2520
	.95
	.94
	.02 [.01, .02]
	-
	-

	Metric Invariance (5 factors)
	4338.24***
	2560
	.95
	.94
	.01 [.01, .02]
	.003
	70.19 (40)***

	Scalar Invariance (5 factors)
	4519.24***
	2650
	.95
	.94
	.01 [.01, .02]
	-.002
	643.78 (90)***


Note: X2 – chi-square; df – degree of freedom; CFI – comparative fit index; TLI – Tucker-Lewis Index;  RMSEA – root mean square error of approximation with 95% confidence interval; ΔCFI – change in comparative fit index; ΔWLSMV X2  – change in WLSMV chi-square using chi-square difference test; Δdf – change in degree of freedom

Table 3. Standardised Factor Loadings (β) and Item Reliability of SDQ Items at Ages 4, 5, and 6
	
	Age 4
	
	Age 5
	
	Age 6
	

	
	β
	R2
	β
	R2
	β
	R2

	Conduct problem
	
	
	
	
	
	

	Tantrums
	.62
	.38
	.65
	.43
	.66
	.44

	Obedient* 
	.62
	.39
	.64
	.41
	.69
	.47

	Fights
	.66
	.44
	.66
	.44
	.73
	.53

	Lies 
	.44
	.19
	.48
	.23
	.54
	.30

	Steals 
	.45
	.20
	.42
	.18
	.48
	.23

	Hyperactivity 
	
	
	
	
	
	

	Restless
	.80
	.64
	.82
	.68
	.80
	.64

	Fidgeting or squirming 
	.72
	.52
	.74
	.55
	.77
	.59

	Distracted 
	.79
	.63
	.81
	.66
	.81
	.65

	Thinks*
	.50
	.25
	.55
	.30
	.65
	.42

	Persistent* 
	.65
	.42
	.74
	.55
	.76
	.58

	Emotional problems
	
	
	
	
	
	

	Somatic
	.44
	.20
	.45
	.20
	.52
	.27

	Worries 
	.61
	.38
	.67
	.44
	.72
	.52

	Unhappy
	.74
	.55
	.78
	.61
	.82
	.67

	Clingy
	.58
	.34
	.60
	.36
	.64
	.41

	Fears
	.64
	.41
	.70
	.49
	.69
	.47

	Peer problems 
	
	
	
	
	
	

	Solitary 
	.61
	.37
	.56
	.32
	.59
	.35

	Good friend* 
	.45
	.20
	.54
	.29
	.51
	.26

	Popular* 
	.68
	.47
	.67
	.45
	.78
	.61

	Bullied 
	.46
	.21
	.61
	.37
	.58
	.34

	Prefer adults 
	.53
	.28
	.54
	.29
	.64
	.41

	Prosocial 
	
	
	
	
	
	

	Considerate 
	.64
	.41
	.67
	.45
	.72
	.52

	Shares
	.62
	.39
	.62
	.38
	.67
	.45

	Helpful 
	.59
	.35
	.65
	.42
	.63
	.40

	Kind 
	.65
	.42
	.68
	.46
	.71
	.50

	Helps
	.53
	.28
	.50
	.25
	.54
	.29


Note: All variables are significant at p<.001. Factor loadings (β) and R2 are from configural model. * indicates items that were reverse coded



Table 4. Correlation between Latent SDQ Sub-scales over Time
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	1.Conduct (time1)
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.Hyperactive (time 1)
	.74
	-
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.Emotion (time 1) 
	.50
	.34
	-
	
	
	
	
	
	
	
	
	
	
	
	

	4.Peer prob (time 1)
	.48
	.38
	.70
	-
	
	
	
	
	
	
	
	
	
	
	

	5.Prosocial (time 1)
	-.65
	-.42
	-.18
	-.52
	-
	
	
	
	
	
	
	
	
	
	

	6.Conduct (time 2)
	.83
	.61
	.42
	.41
	-.48
	-
	
	
	
	
	
	
	
	
	

	7.Hyperactive(time 2)
	.61
	.79
	.26
	.39
	-.32
	.70
	-
	
	
	
	
	
	
	
	

	8.Emotion (time 2)
	.38
	.28
	.74
	.56
	-.18
	.51
	.33
	-
	
	
	
	
	
	
	

	9.Peer prob (time 2)
	.44
	.40
	.50
	.80
	-.36
	.50
	.46
	.66
	-
	
	
	
	
	
	

	10.Prosocial (time 2)
	-.45
	-.37
	-.17
	-.38
	.74
	-.66
	-.45
	-.18
	-.53
	-
	
	
	
	
	

	11.Conduct (time 3)
	.79
	.57
	.37
	.39
	-.43
	.84
	.62
	.39
	.41
	-.49
	-
	
	
	
	

	12.Hyperactive(time 3)
	.59
	.73
	.28
	.38
	-.30
	.61
	.82
	.30
	.42
	-.39
	.73
	-
	
	
	

	13.Emotion (time 3)
	.42
	.27
	.68
	.54
	-.13
	.44
	.29
	.77
	.59
	-.16
	.51
	.37
	-
	
	

	14.Peer prob (time 3)
	.44
	.41
	.50
	.70
	-.29
	.47
	.47
	.53
	.83
	-.40
	.58
	.55
	.68
	-
	

	15.Prosocial (time 3)
	-.45
	-.36
	-.23
	-.41
	.66
	-.56
	-.40
	-.23
	-.45
	.77
	-.67
	-.50
	-.22
	-.51
	-


Note: All variables are significant at p<.001
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