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Abstract


This study determines the strength of the effect and significance of different predictors of children's developmental vulnerability and multiple challenges using multilevel modeling of nested data measured at levels of child, neighbourhood and regional geographies. Furthermore, delving into greater depth, this study identifies which factors are predictors at each level of the nested hierarchy, which factors present modified effects due to two or more predictors from cross-levels of the nested hierarchy, and the variations of effects across different levels of the hierarchy. This cross-sectional study considered 8655 Saskatchewan children who were ages 4-8 years in the 2008-2009 school year. Multilevel logistic models were used to analyze data compiled from 2009provincial EDI data (child level) and 2006 neighbourhood Canada Census data. Child characteristics such as Aboriginal status, an EAL learner, and frequent absence from school; neighbourhood income inequality, median income and school type; and regional characteristics such as residence in a large city were identified as having significantly elevated odds for risk of vulnerability.


When children were identified as living in neighborhoods with higher income inequality exacerbated the elevated effects of neighborhood median income on vulnerability; similarly, neighbourhood income inequality exacerbated effects of Aboriginal status on vulnerability. In contrast, residence in a large city mitigated the effects of Aboriginal status on vulnerability and so did neighbourhood median income on the effects of residence in large city on vulnerability. Furthermore, neighbourhood contextual variables contribute to a considerable proportion of the variations of vulnerability and multiple challenges outcomes. The findings of this study add some depth to our understanding of multilevel determinants of early vulnerability, but it also reveals opportunities for targeted interventions-at the level of Aboriginal children, children who speak English as an additional language, and children in neighbourhoods with high income inequality, expectedly all within a coherent, universal provincial-level early years framework.
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Introduction


Research on kindergarten children's school readiness has gained a strong momentum in recent years. School readiness has been defined as a child’s ability to meet the demands of school; such as co-operation, listening to the teacher, and benefiting from the educational activities offered by the school [1,2]. Therefore, school readiness encompasses both the ability to learn within school settings and having the skills and competencies that best facilitate successful learning [3]. School readiness is of particular importance as it is consistently associated with many social, emotional, and academic outcomes later in life [4-8]. School readiness research has garnered much attention at the provincial, national, and international levels as communities develop and implement new policies and programs aimed to help children reach important developmental outcomes. Within Canada, the Offord Centre for Child Studies (OCCS) in Ontario has created the Early Development Instrument (EDI) as a measure of school readiness among kindergarten children [9]. The EDI is a checklist completed by the kindergarten teacher for individual children. The results from the measure are interpreted exclusively at the group level (i.e., schools, communities, cities). Children are assessed along five domains indicative of school readiness: Physical health and well-being; Social knowledge and competence; Emotional health and maturity; Language and cognitive development; and Communication skills and general knowledge. The five EDI domains can be further broken down into 16 subdomains. For instance, the Physical health and well-being domain is comprised of three subdomains: physical readiness for school, physical independence, and gross and fine motor skills.


One of the strengths of the EDI is the ability to identify groups of children who may be vulnerable for poor school readiness at school entry and subsequently for poor school achievement as well. Research frequently cites that children from minority groups [10-12] and with low socioeconomic statuses are at an increased risk for low levels of school readiness. More specifically, Aboriginal children are at-risk for many negative developmental outcomes, including being rated as having poor school readiness [13-18]. A recent examination of the EDI in British Columbia revealed that approximately 40% of Aboriginal children received a low score on at least one of the five EDI domains with low scores most often obtained within the Language and cognitive development and Communication skills and general knowledge domains. Indeed, research consistently demonstrates that teachers rate Aboriginal children as having lower levels of school readiness when compared to their nonAboriginal counterparts, though it is less certain whether this disparity is due to real group differences or validity issues with respect to the EDI measure itself [19,20].


In recent years, researchers have shown that the EDI is an effective tool for assessing children's school readiness through different perspectives, such as studies of individual determinants, and those considering both individual and neighbourhood determinants in the analysis. First, the EDI has shown to be an effective tool in assessing children's school readiness in studies of individual determinants. Muhajarine et al. [20] considered a 1-level logistic model. In this model, multiple challenges status in children has been predicted by individual child's characteristics such as Aboriginal status, female status, possessing fewer special skills, and number of special problems. All of these characteristics were statistically associated with a higher likelihood of being rated as having multiple challenges, with odds ratios of 3.38, 1.91, 2.65, and 2.61, respectively. Secondly, the EDI has shown to be an effective tool in assessing children’s school readiness and health status in studies considering both individual and neighbourhood determinants in the analysis. For example, Oliver et al. [12] used the EDI to investigate the relationship between individual and neighbourhood socioeconomic characteristics on kindergarten students school readiness in a 2-level linear model with two individual child variables and six neighbourhood related variables. The results indicated that a higher family income or speaking English as the maternal language is significantly associated with higher scores in almost all 5 EDI domains. In addition, at the neighbourhood level, children in neighbourhoods with higher median income or higher percentage of lone-parent families or higher unemployment rate have lower scores in almost all 5 EDI domains.




The above and other publications in Canadian context generally fall into one of three main categories: first, they include a single level of hierarchy in the study design [21]; second, they have two levels of hierarchy in the study design (neighbourhood/ school-child) without discussion of proportion of variation explained at each level of hierarchy [18,22] third, they consider two levels of hierarchy in the study design (neighbourhood- child) and discussion of proportion of variation at each level of hierarchy but lack consideration of within-level and cross-level interaction to present modifying effects of different individual, neighbourhood contextual and geographical variables on the outcome [23-25].



The current study generalizes the design of previous Canadian literature in the field by extending the scale (to the level of geographies in the province) and hierarchy (including three levels) as well as consideration of various within-level and cross-level modifying effects in the model. Its main objectives are to



(i)Identify significant determinants of child developmental vulnerability at the individual (child), neighbourhood and geographical area level,


(ii)Identify within-level and cross-level effect modifications of selected key determinants and


(iii)Specify relative contributions of determinants at each level to the variations of child developmental vulnerability outcomes.


Methods


Setting and procedures




In 2009, Saskatchewan province-wide EDI was implemented led by the Early Childhood Development Unit, Ministry of Education on behalf of the Government of Saskatchewan. Since 2009, and prior to that year as well, EDI has been implemented in Saskatchewan primarily either at local school divisional regions or at the city level. Kindergarten teachers in Saskatchewan's Public and Catholic School Divisions evaluated their students using the EDI. In Saskatchewan, students are able to choose to attend either a Public or Catholic School Division school (or an Aboriginal controlled school or the Francophone School division), as any one of these options are available to all families with kindergarten children irrespective of their income levels or religious preferences. Most neighbourhoods have a local elementary school within each of the Public and Catholic School Divisions. Prior to implementing the EDI in their classrooms, kindergarten teachers participated in training sessions on the correct implementation of the tool. Most teachers were familiar with the EDI and demonstrated a sound grasp of the proper implementation of the instrument. The EDI was completed approximately mid-way into the kindergarten year (in February) and was typically completed over a two-week period.





This paper included a total of 20 variables comprising 3 hierarchies or nested contextual variables; of these 8 were related to children (child level), 6 related to neighbourhoods (neighbourhood level), and 3 indicator variables related to the city or region (province level). The outcomes were child developmental vulnerability and multiple challenges (both measured via EDI) for 8655 children from 418 schools nested in 185 neighbourhoods in the province of Saskatchewan (Table 1).


Measurement

The early development instrument: The EDI consists of104 questions and measures five developmental domains: physical health and well-being; social competence; emotional maturity; language and cognitive development; and communication and general knowledge. EDI scores fall along a 10-point standardized scale. Children scoring in the lowest 10% of the distribution of scores are considered not school ready. The EDI is completed by kindergarten teachers for each of their pupils. The EDI also captures basic demographic information such as gender, date of birth, Aboriginal status, mother tongue, and also some school- based designations such as the presence of special skills and special problems. The EDI has been shown to have adequate internal consistency, with Cronbach's alphas from 84 to 96 for the five domains. Studies examining the psychometric properties of the EDI have demonstrated consistent agreement between parent-teacher ratings, concurrent validity, and convergent validity. Inter-rater reliability on the EDI ranges from 0.53 to 0.80.



Canadian census data: Since EDI data is analyzed and reported at the population level, this allows for EDI data to be linked to other population level databases such as the Census. Statistics Canada conducts a national census every five years (in 2011, there was an alteration to this long-held practice when the Government of Canada instituted the National Household Survey, a voluntary survey of all Canadian households). This allows for analysis to be conducted for areas as small as a neighbourhood and as large as the entire country. For this particular study, the 2006 Census was used to describe the characteristics of urban neighbourhoods and next level of geographical context, the provincial cities or regions.


A common methodological challenge in the neighbourhood effects literature is defining and demarcating neighbourhoods. Neighbourhood effects studies use a variety of definitions for neighbourhood, many using convenient and contrived boundaries such as census tracts or census dissemination areas [26,27]. However, administratively defined neighbourhoods are often not meaningful for residents and do not reflect the true neighbourhood characteristics at a level that matters to health outcomes [28-30]. This methodological challenge was addressed in this study due to a long history of municipally planned neighbourhoods in the Saskatchewan's major urban centres. Thus, neighbourhood units have well defined geographical boundaries, are meaningful to residents, and have been comprehensively planned to be a unit that is efficient to service (including schools) and maintain over the long term. Neighbourhoods defined in this paper are as close to 'natural neighbourhoods' as one may find.

Vulnerability and multiple challenge index

The EDI data included child’s school readiness in five general domains. In each EDI domain the score ranged from 0 to 10 and a child whose EDI score for a particular domain falls below the 10th percentile of the score distribution for a particular site has been deemed "vulnerable" for that particular EDI domain. Based on this basic definition, two further summary measures formed the outcomes for this study: developmental vulnerability and multiple challenges. A child was deemed developmentally vulnerable if he/she scored vulnerable in at least one of the 5 EDI domains. Multiple challenges was defined when a child scored as vulnerable in at least 3 EDI sub domains considered in the Multiple Challenge Index variable(Janus et al. 2007).


Individual-level factors

In addition to the developmental health measures, eight child level variables were also specified in this analysis: age, days absent from school, gender, Aboriginal status, French/ English Immersion program attendance, English as an alternate language status, non-parental care status, and language/religion class attendance.


Contextual neighbourhood-level factors

The neighbourhood related data were sourced from Canada census 2006 by linking Saskatchewan neighbourhood based list of postal codes for the cities of Saskatoon, Regina, Prince Albert and Non-urban areas. The neighbourhood level data sourced included school type (public, separate, Francophone), income distribution (Gini index), median income, percent unemployed (for population over 15 years), percent population with a high school diploma, and average value of dwelling. Neighbourhood level variables were derived as follows: the school type variable was measured by finding its corresponding school division at the Saskatchewan Ministry of Education Website, the variable Gini index was calculated based on median household income (before tax) for the population 15+ years of age. The average dwelling value was calculated based on owner-occupied private non-farm, non-reserve dwellings.


Geographical indicator


The Geographical indicator considered in the study comprised of four categories, three urban centers and the remaining non-urban areas (Saskatoon, Regina, Prince Albert, and non-urban areas). In major cities of Saskatoon, Regina and Prince Albert the concept of neighbourhood was operationalized according to the municipalities definition of neighbourhood area within the city. However, in non-urban areas the concept of neighbourhoods is not as easily operationalized. Therefore, in this study, any geographical entity outside of the three large cities such as towns, villages, and resort villages were operationalized as 'neighbourhoods' for non-urban areas [31].


Statistical approach

Chi-squared analysis techniques were utilized for descriptive group comparisons. Such comparisons were conducted for child level (e.g., gender: males vs. females), neighbourhood level and geographical area level variables and results were presented in terms of proportions and 95% confidence intervals. Multilevel logistic regression was used to determine child, neighbourhood, and geographical indicator characteristics associated with being classified as either vulnerable or positive in multiple challenge index. The multilevel logistic regression was considered as following random intercept model:
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Level 3 (geographical indicator area):
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where for binary outcome variable of vulnerability status or Multiple Challenge Index [image: ]Bernouli [image: ]
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In this study, [image: ]were found. In addition, with qs +1 fixed effects for each βsjk, and rst +1 fixed effects for each γstk, the total number of fixed effects in the 3-level model (2-1) was [image: ](rst+1)=46 of which 4 terms were within-level interactions and 23 terms were cross-level interactions. The values qs, rst(s, t > 0) referred to the cross-level interactions coefficients and
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The above multilevel logistic regression models applied maximum likelihood method to estimate each level coefficients as well as associated residual variances. In addition, Variance Partition Coefficient (VPC) and Intra Class Coefficient (ICC) statistics at each level of hierarchy were calculated via conventional equations for the three level model [32]. In the equation (2-1) let the two continuous variable "U" and dichotomous variable "V" with their associated interaction term "U*V" appear in the following form:
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Then, for each k units increase in the variable "U", the outcome odds ratio of "V=1" versus "V=0" changes by ”(exp(βu*v k) -1) x 100%”.These conclusions were applied in the outcome related results and in their interpretations. All analyses were conducted using STATA version 11 software package.

Results

Descriptive and Inferential Statistics


Data on 8655 children (age range 4.5-8.0 years) collected during the school year 2008-2009 were analyzed for this report. These schools were nested within 185 neighbourhoods, which were further nested in 3 major cities (Saskatoon, 65 neighbourhoods, Regina, 30 neighbourhoods, and Prince Albert, 10 neighbourhoods) and non-urban areas (80 neighbourhoods). Table 1 presents descriptive statistics of the study sample population. As can be seen, the key characteristics included almost equal gender ratio, overwhelming majority of native English speakers (95.86%),majority of public school attendees (69.13%), a moderate mean income inequality (Gini=0.128), and almost equal urban to non-urban ratio. Table 2 summarizes bivariate results of the differences in proportions of vulnerability and multiple challenges outcomes based on characteristics of child, neighbourhood and geographical areas. The most notable findings included significantly higher proportions of vulnerability and multiple challenges among boys, Aboriginal children, children who speak English as an alternate language, and children without Non-parental care; a non-linear association (quadratic trend) between neighbourhood income inequality and proportions of vulnerability and multiple challenges; and a significantly highest proportions of vulnerability and multiple challenges in children in Regina.


Multilevel determinants of vulnerability and multiple challenges

Main effects, Within-level interactions and cross-level interactions: Tables 3a & 3b depict the coefficients (p-value) and odds ratios (95% CI) results for child level, neighbourhood level and geographical area level variables, within-level interactions and cross-level interactions for the two binary outcomes based on multilevel logistic models. In terms of our aim of determining multilevel independent factors associated with developmental vulnerability and multiple challenges, children speaking English as an alternate language had significantly higher odds of being rated as vulnerable and with multiple challenges (2.171, 1.802 respectively); whereas children attending French immersion schools had significantly lower odds of being rated as vulnerable and with multiple challenges (0.887, 0.431 respectively). 


 In terms of our aim of investigating effects that are modified by other determinants at the same hierarchical level (within- level effect modification), and effects that are modified by other determinants at a different hierarchical level (cross-level effect modification) the results were as follows. Considering within- level interactions, there was a greater positive impact of age on vulnerability and multiple challenges for girls compared for boys. The elevated odds of vulnerability and multiple challenge are attenuated by 55.8% and 84.7%, respectively, for each year of increase in age for girls, whereas the comparable attenuation were54.8% and 73.4% for boys. Next, living in neighborhoods with higher income inequality exacerbated the negative impact of higher neighborhood median income on vulnerability and multiple challenges. For neighborhoods with higher income inequality the related odds ratios of vulnerability and multiple challenge for children living in those with additional $ 10,000 median income increased at least 19.1%, 7.6% respectively.
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Figure 1:  Predicted Probabilities of Vulnerability and Multiple Challenge Outcomes by Geographical Area and Aboriginal Status.



Considering cross-level interactions, higher neighbourhood income inequality exacerbated negative impact of days absent from school on vulnerability outcome. For each additional week absent from school, odds of being rated as vulnerable increased by 14.2% for children living in neighbourhoods with high income inequality. Depending on the geographical area that the children were from (ie., city), there was either a mitigation of odds or an exacerbation of odds of vulnerability. The effect of Aboriginal status on vulnerability was significantly lowered (by 31.5%, 33.0%) for children who resided in Regina and Saskatoon, respectively, whereas the odds of multiple challenge was significantly lowered (by 56.9% and 70.8%) for children who resided in Regina and Saskatoon, respectively. Figure 1 displays such differences between different geographical areas in terms of predicted probabilities.



The effects of neighbourhood median income on vulnerability and multiple challenge were significantly reduced for children residing in all three major provincial cities compared to nonurban areas. For example, odds for vulnerability and multiple challenge were reduced 51.8% and 72.9%, respectively, for each $10,000 increment of median income for children living in Saskatoon. Such changes were 53.9% and 64.3%; 54.8% and 53.0% for Regina and Prince Albert, respectively. In contrast, however, the odds of vulnerability for children who lived inneighbourhoods with moderate or high income inequality, in Figure 2, there is highest variation of predicted probabilities compared to low, were heightened to 2.80 or 3.17 fold, between different neighborhoods within Prince Albert compared respectively, for those who resided in Prince Albert. As shown to other geographical areas.
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Figure 2:  Predicted Probabilities of Vulnerability and Multiple Challenge Outcomes by Geographical Area and Aboriginal Status.



Multilevel contributions to the variances in developmental vulnerability and multiple challenges

Table 4 presents variance, variance partition coefficient and intra-class coefficients at geographical area, neighbourhood, and child levels for vulnerability and multiple challenge outcomes. As seen, as the hierarchy level moved from child to neighbourhood to geographical area, the associated variance at each level contributed to vulnerability and multiple challenge outcomes decreased. Partition of total variance by child, neighbourhood and geographical area level is shown in Figure 3. Considering the variance partition coefficients, less than 1% of the variance in vulnerability status and multiple challenge outcomes were accounted by geographical areas; however, 11.1% and 18.3% of the variance for each outcome were accounted by variables measured at the neighbourhood level, while the remaining 88.9% and 81.7% of the variance were accounted for variables measured at child level. More than three-quarters of vulnerability and multiple challenge outcomes variations were attributable to the children themselves. 
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Figure 3:  Relative Contribution to the Variance of Developmental Vulnerability and Multiple Challenges (Variance Partition %) by Child, Neighborhood and Geographical Area Level Determinants.


Finally, observing intra-class coefficients statistics, the correlations between two children living in the same geographical area but different neighbourhoods were negligible for both vulnerability and multiple challenge outcomes, and the correlation between two children living in the same geographical area and in same neighbourhood were 0.111 and 0.183 for vulnerability and multiple challenge outcomes, respectively. Therefore, it is observed that living in the same neighbourhoods rather than adjacent neighbourhoods played a key role in the similarity of children's vulnerability and multiple challenge outcomes.

Discussion

Compositional and contextual effects on developmental vulnerability and multiple challenges- what this study adds?

The current study aimed to add two lines of findings to the literature on early childhood developmental vulnerability. First, it identified specific child characteristics, neighbourhood contextual factors, and geographical area indicators associated independently with children's developmental outcomes, vulnerability and multiple challenges. Second, it identified factors at each level of determinants-child, neighbourhood and geographical area-that either mitigates or exacerbates effects on childhood vulnerability outcomes. The characteristics related to children that were associated with the developmental vulnerability included child’s gender, Aboriginal status, using English as an alternate language, and days absent from school. As previous studies have founded consistently, male children had higher odds of being rated as vulnerable and having multiple challenges than females. Similarly, compared with non-Aboriginal children, Aboriginal children had significantly higher odds of being rated as vulnerable. Compared to children who speak English as an alternate language, native English speaking children had lower odds of vulnerability and multiple challenge, consistent with past studies [33]. Finally, days absent from school had an exacerbating effect on odds of vulnerability and multiple challenge. This finding lends support to the claim that kindergarten school educational programs are important and may even be critical for children's developmental health.


The main neighbourhood contextual factors that modified the effects of other factors associated with children's developmental vulnerability outcomes included neighbourhood income inequality and median income. High level of neighbourhood income inequality and days absent from school had a compound exacerbating effects on vulnerability. Children who were absent from school on more days had significantly higher odds of vulnerability but this was even more exacerbated if they also resided in neighbourhoods with greater income inequality. The above results give further evidence of the income inequality hypothesis [34,35]. Interestingly, and unexpectedly, children who were absent from school and had elevated odds of vulnerability and multiple challenges had these odds attenuated if they were attendees of separate schools. While this finding is interesting, without knowing the exact reason for being absent from school (there are varied reasons including sickness but also more positive experiences such as family holidays), it is difficult at this time to conclude with any certainty why attending separate schools, compared to public schools, might accord some mitigation of odds for vulnerability outcomes.


Another intriguing finding relates to the significant interaction effects found between non-parental care and neighbourhood income inequality on vulnerability. While the magnitude of the interaction effects are very small, our findings nonetheless show that non-parental care accords a lower odds of vulnerability especially if the children resided in neighbourhoods with either high or medium level of income inequality. In province of Saskatchewan where non-parental care is often a privately arranged and purchased services, it is likely that only some parents are able to afford these services and not others even if they happen to live in the same neighbourhood [36].



This study also revealed that the geographical area that children resided in had a significant effect on the outcomes of vulnerability and multiple challenges in children. For example, on a less favourable note, children who lived in neighbourhoods with either higher or medium level of income inequality had especially higher odds of vulnerability if they resided in the city of Prince Albert. On a more positive note, the odds of vulnerability or multiple challenges in Aboriginal children were significantly attenuated (protected) if they resided in either in the city of Regina or Saskatoon, respectively. What specifically that these two cities (Regina and Saskatoon) offer to Aboriginal children so that their odds for developmental vulnerability are significantly reduced is a question that needs further investigation. Similarly, the odds of vulnerability and multiple challenge for children living in neighborhoods with higher median income were significantly reduced if they resided in the major provincial cities. This gives future evidence of urbanization benefits for rich inhabitants [37].


Strength and limitations

The current study has the following strengths. First, this is one of few instances, in Canada, where we have included nearly a full population of kindergarten age children in a province and taken into account data available at three levels of social hierarchy. Previous studies that had utilized province-wide data had been conducted taking into account either two levels of hierarchy or a single level of measurement. Second, as the study sample covered almost all kindergarten aged children attending schools throughout the province of Saskatchewan it is unlikely that this study would have suffered from serious potential selection biases. Third, the EDI and Census data have been shown to have high reliability and acceptable validity, and, therefore, subject to little information bias. Finally, this study consisted of a large sample size and included of a variety of predictors and their interactions yielding a relatively broad spectrum of information regarding individual, neighbourhood and geographical areas impacts on children's developmental vulnerability.


The current study, however, did have some limitations. First, there was a two year time difference between the collection of EDI data in 2008 and the census data in 2006 and this time lag could have affected the findings. Second, fitting the same set of predictor variables and their interactions for vulnerability and multiple challenge caused a loss of model fit for both domains. Third, the definition of 'neighbourhood' (conceptually and operationally) varies across major cities and non-urban areas, even within a single province. In Saskatchewan, municipalities define what a 'neighbourhood' means or entails, and these definitions may not extend easily to the non-urban areas included in this study. The operational definition of a neighbourhood in this study for non-urban areas was developed specifically for this research and we are aware, therefore, that this definition may not be easily transferable [38].


Conclusion

The current study used a combination of 2008-2009 EDI data of Saskatchewan children and 2006 Census data and applied multilevel logistic models in order to provide some insight regarding how individual, neighbourhood contextual and geographical area factors and their within-level and crosslevel effects determine children's developmental vulnerabilities. Individual characteristics of Aboriginal status, EAL status, male children and school absenteeism were associated with higher odds ofvulnerability and multiple challenge. Also, neighbourhood contextual characteristics such as income inequality and lower median income were associated with higher odds of vulnerability, giving further evidence for the income inequality hypothesis. In terms of factors that mitigates developmental vulnerability, we found that living in neighborhoods with higher median income had lowered the elevated odds of vulnerability in urban children; similarly, those Aboriginal children living in Regina or Saskatoon had lower odds compared to Aboriginal children living in non-urban areas. Intriguingly, we found that children who attended separate schools had lower odds of vulnerability even if they had more days absent from school. In terms of factors that exacerbated odds of vulnerability, we found that children who lived in neighbourhoods with high income inequalities and had more days absent from school had greatly elevated odds for vulnerability. Similarly, children who lived in neighbourhoods with greater income inequality and were from Prince Albert had especially elevated odds for developmental vulnerability.



In terms of child public policy, stakeholders, school policymakers, and administrators should focus on initiatives for children who are of Aboriginal status, non-native English speakers, male children, and those with more days absent from school and who are living in neighbourhoods with high income inequality. A recommendation is that the stakeholders design and promote child health programs that increase Aboriginal children's skills and school policy makers and administrators consider policies that minimize days absent from school for children living in neighbourhoods with high income inequality or a high Aboriginal population. Also, on a large scale, there is a need to promote child developmental health supporting programs by authorized institutions in the cities of Regina and Prince Albert. On the basis of these findings, future research should continue to examine and clarify the significance and the strength of association between the above predictors and their compound effects on child developmental health status by considering a longitudinal design and inclusion of more small cities in the hierarchy.
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APPendix



Table 1:        Descriptive Statistics: Predictors and Outcome Variables .(8655)n=8655)
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Table 2:        Proportion (95% CI) of Child Level, Neighbourhood Level and Geographical Area Level Variables (%) by Vulnerability Status and Multiple Challenges.
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Note: **indicates significant estimates at 5% or lower. Income inequality categories are based on tertiles of Gini Index with ith tertile T i = 0.100,0.169 respectively.




Table 3a:        Regression Coefficients and Odds Ratios (95% Confidence Intervals) for Main Effects, Within-Level Interactions and Cross-Level Interactions Based on Multilevel Logistic Regression Models 3 levels for Developmental Vulnerability. n=7693
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Note: *indicates the coefficient estimates significant at 10% level or lower, while "indicates level of significance at 5% or lower. ǂ indicates effect for 7 days.



Table 3b:        Regression Coefficients and Odds Ratios (95% Confidence Intervals) for Main Effects, Within-Level Interactions and Cross-Level Interactions Based on Multilevel Logistic Regression Models for Multiple Challenges.
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Table 4:        The Relative Contribution to the Variation of Vulnerability and Multiple Challenges Based on Multilevel Logistic Model.
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