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Abstract
The quality of ECEC has a significant influence on the development of cognitive 
skills; however, it is still unclear which dimensions of quality are most relevant. Data 
from two quality measures (ITERS-R/ ECERS-R) were used to model new latent quality 
factors designed to describe cognitive stimulation and these factors were used to 
predict cognitive development. The sample included 1096 children from 93 centers 
enrolled in 206 toddler groups and 205 preschool groups. Findings indicated that 
the ITERS-R cognitive stimulation factor was associated with verbal and non-verbal 
cognitive development at three years, and the ECERS-R cognitive stimulation factor 
was associated with verbal and non-verbal cognitive development at age five. 
Although these associations were small in magnitude, they were stronger than for 
the original scales’ total scores. The findings suggest that the new factors represent a 
useful additional way to document and understand ECEC quality and its relation to 
children’s cognitive development.
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Introduction
Children’s cognitive skills develop rapidly during early childhood, and learning experi-
ences in the early years, both in the home and in Early Childhood Education and Care 
(ECEC), can have a significant influence on the development of cognitive skills and later 
academic outcomes (Belsky et al., 2007; Keys et al., 2013; Knudsen et al., 2006; Vandell 
et al., 2010). The benefits of attending ECEC are found to be greater when the quality 
of care is high, especially for children living in families with low income (Dearing et 
al., 2009; Melhuish et al., 2015). The quality of pedagogical processes in ECEC is also 
accepted as a proximal determinant of early learning and child development (Early et al., 
2007; Slot et al., 2015). However, the way quality should be defined and measured, and 
how different dimensions of quality are related to developmental domains, are important 
issues to explore (Burchinal et al., 2021). A recent meta-analysis of European longitudi-
nal studies found small positive associations of process quality (the nature of interactions 
experienced) with cognitive development during early childhood and lasting associa-
tions with academic outcomes (Ulferts et al., 2019). Lasting effects of ECEC quality on 
academic outcomes, although small in magnitude, were also identified in a meta-analysis 
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by Rademacher et al. (2024). However, although there is agreement on the importance 
of quality, and particularly process rather than structural factors when related to child 
development (Howard et al., 2024), there is a need for a refinement of quality measures 
related to gains in specific developmental outcomes (Burchinal et al., 2021).

In this study, we make use of a new and innovative approach to develop domain-spe-
cific quality factors from existing quality measures. The aim is to investigate associations 
between newly developed quality of care scales, in terms of cognitive stimulation, and 
cognitive development in a universally accessible ECEC system in toddler and preschool 
groups. In addition, having data following the same children at two time points makes 
it possible to look at differences and stability over time since existing individual experi-
ences are accounted for. Such information on the relationship between quality of care 
and child development may be used to improve policy and practices and in turn provide 
children with good play and learning experiences in early childhood.

The Environment rating scales (e.g., Infant and Toddler Environment Rating Scale, 
Revised [ITERS-R], Harms et al., 2006, and Early Childhood Environment Rating Scale, 
Revised [ECERS-R], Harms et al., 2005) are widely used instruments to assess quality 
in ECEC centers, both by practitioners and for research (Alpys & Hernández-Torrano, 
2026). In addition to its use as a quality assessment tool, a scoping review identified four 
additional applications of the scale: influence on children’s academic and non-academic 
outcomes, as an intervention assessment tool, as a complementary instrument alongside 
other methods, and as a means of examining cultural nuances in early childhood settings 
(Alpys & Hernández-Torrano, 2026). These scales were developed to measure the global 
quality of the environment from the perspective of the children (Clifford et al., 2020), 
and they incorporate several subscales related to different developmental domains. Pre-
viously, some studies on the scales’ psychometric properties have identified problems 
with criterion and construct validity (Fujimoto et al., 2018; Gordon et al., 2013, 2015; 
Mayer & Beckh, 2016; Mariano et al., 2019; Perlman et al., 2004). For construct valid-
ity, only a few studies have identified a unidimensional quality factor in line with the 
developers’ intention of a global quality measure, and there are somewhat inconsistent 
recommendations regarding factor structure based on information at the item level 
(Gordon et al., 2013; Hestenes et al., 2007; Mariano et al., 2019; Mayer & Beckh, 2016). 
The scales were conceptually designed on three levels: subscales (level 1), consisting of 
items (level 2), which are scored using dichotomous indicators (level 3). When scoring 
the indicators (observational response categories scored yes/no), low-quality indicators 
must be satisfied before high-quality indicators can be assessed (i.e., stop-scoring pro-
cedure). However, the indicators do not necessarily follow an ordinal progression with 
respect to quality, and there may be aspects of different quality dimensions within the 
indicators for an item (Fujimoto et al., 2018; Gordon et al., 2015; Mayer & Beckh, 2016). 
Indicators at the low quality end of an item are often structural, about basic needs, 
health, safety and availability of materials, whereas indicators of medium and high qual-
ity often include more educational aspects, interaction and instruction, indicating pro-
cess quality. Applying a stop-scoring procedure can result in limited information at the 
upper end of the scale, which may be particularly problematic for dimensions of quality 
(educational aspects, interaction and instruction) strongest related to child outcome. An 
alternative scoring procedure was used when collecting data for this study, ignoring the 
stop-scoring rule, meaning that all indicators was scored to provide a more complete 
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view of quality. Using this alternative scoring approach makes it possible to extract infor-
mation on indicator level, contrary to previous studies using information based on item 
level data (Brunsek et al., 2017).

Studies of the scales’ criterion validity have focused on the ability to predict child 
development from total scores and quality factors derived from item level values and 
have shown associations with cognitive and socio-emotional development (Burchinal 
et al., 2000; Sylva et al., 2006). More recent meta-analysis verified these findings, albeit 
finding moderate to small effect sizes (Brunsek et al., 2017; Keys et al., 2013; Ulferts et 
al., 2019). Studies attempting to predict cognitive development from quality of care often 
include preschool-aged children, but there is less evidence on toddler-aged children (Li 
et al., 2013; Melhuish, 2015; NICHD Early Childhood Research Network, 2006; Ulferts et 
al., 2019). For preschool-aged children the results are usually consistent in showing posi-
tive effects upon development of attending high-quality ECEC (Melhuish et al., 2015). 
For toddler age, there are less consistent associations between quality of care and cogni-
tive development (Barnes & Melhuish, 2017; Eliassen et al., 2018; Ruzak et al., 2014).

In this study, we address the validity issues identified in the literature by taking a latent 
variable approach to predict child cognitive outcomes from newly developed quality fac-
tors derived from the indicator level of the quality rating scales (ITERS-R/ ECERS-R). 
With information on all quality levels, a latent approach helps us to reduce the dimen-
sionality of data into an underlying concept of quality (cognitive stimulation). In other 
words, latent modeling allows us to better understand the underlying structures that 
produce relations between observed indicators, while simultaneously reducing error 
variance (measurement error), which often is an issue in observational data (see Beau-
jean, 2014). This study contributes to the existing literature on quality in ECEC by refin-
ing quality measures for both under and over three-year-olds in order to identify specific 
dimensions of the environment that are most useful for facilitating children’s cognitive 
development. Moreover, this is, to our knowledge, one of the first studies to include both 
ITERS-R and ECERS-R to predict child outcomes for the same children over time.

Measuring quality in ECEC using environment rating scales

The most commonly used environment rating scales (ITERS & ECERS) were initially 
developed in the 1970s in the USA to judge the level of quality provided from the per-
spective of the children, with a strong focus on health and safety (Clifford et al., 2020). 
The two scales used in this study, (ITERS-R and ECERS-R), are revised versions of the 
original scales intended to capture development promoting aspects of caregiver-child 
interactions more effectively (Clifford et al., 2020). However, despite the revisions, the 
scales have been criticized for still emphasizing structural aspects of the environment 
(e.g., amount of play materials, books, safety aspects) over core interactional dimen-
sions of process quality (Perlman et al., 2004). The third edition of one of the scales (the 
ECERS-3; Harms et al., 2015), contains new items on language and literacy, with less 
emphasis on the availability of materials and more on the staff’s use of it with the chil-
dren but was not available at the time of data collection for the current study. Neitzel 
et al. (2019) compared ECERS-R to ECERS-3 and found significant changes in terms 
of more focus on staff-child interactions and instruction (dimensions of high-quality). 
However, they found the scales to be associated, indicating that the scales are measuring 
common characteristics of the learning environment in ECEC (Neitzel et al., 2019).
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The ITERS-R and ECERS-R scales were, like the original scales, designed to produce a 
unidimensional global quality measure, with subscales representing seven domain-spe-
cific dimensions of quality. However, the evidence on their psychometric properties is 
mixed with regard to identifying the unidimensional quality measure and the seven-fac-
tor structure in line with the intentions of the developers. Perlman et al. (2004) did not 
find evidence for the seven-factor structure and also argued for a unidimensional quality 
factor based on a subset of the items in the ECERS-R. Other researchers have found evi-
dence of a two-factor structure (Cassidy et al., 2005; Early et al., 2007) and a three-factor 
structure (e.g., Brunsek et al., 2017; Gordon et al., 2013; Mayer and Beckh 2018). These 
studies based their analysis of psychometric properties on information at the item level. 
A recent study on the third edition, ECERS-3 (Early et al., 2018) found similar results in 
terms of factor structure and validity. They found a single factor did not adequately cap-
ture the variance among the items but instead identified a four-factor solution: Learn-
ing Opportunities, Gross Motor, Teacher Interactions, Math Activities. When predicting 
child outcomes, the total score and Teacher Interaction was associated with growth in 
executive functioning, the Learning Opportunities was associated with executive func-
tions and math skills, and the Math Activities was associated with social skills. However, 
the associations were small and not domain specific (Early et al., 2018).

One issue identified is that the indicators, while intended to progress in an ordinal 
way from low to high quality, do not always follow an ordinal progression. The man-
ual instructions require that low-quality indicators must be passed before progressing 
to consider higher quality indicators. Consequently, the resulting score on a single item 
depends on the number of lower-level indicators satisfied. This approach is referred to 
as a “stop-scoring approach”. Issues with the stop-scoring approach are addressed by 
Fujimoto, Gordon Peng, and Hofer (2018), who found that none of the 36 items in the 
ECERS-R scale had categories that followed an ordinal progression with respect to qual-
ity. One reason for this may be that structural indicators (relating to safety and avail-
ability of materials, space and furnishing) are placed at the lower end, and interactions 
and instruction (process) are in the mid and high categories. Gordon et al. (2015) con-
ducted an item response analysis of all indicators and found that the items did not fit 
with unitary dimensions and the results conflicted with the range-ordering of indicators. 
A panel of experts rated the domain specificity of the indicators, and showed that most 
indicators were relevant to multiple developmental domains (i.e., cognitive, socio-emo-
tional, and health) – 26% of the indicators were rated relevant for all domains and 57% 
were relevant to both cognitive and socio-emotional development (Gordon et al., 2015). 
Moreover, the analysis showed that few indicators captured moderate to high quality. 
In a European context Mayer and Beckh (2016), replicating Gordon et al. (2013), found 
consistent results in that the indicators did not follow the specified low to high quality 
ordering, and possibly too many of the indicators are related to structural components 
(Cassidy et al., 2005).

Thus far, few studies have verified the factor structure, or a unidimensional global 
quality measure, intended by the developers of the ITERS-R and ECERS-R (Brunsek et 
al., 2017; Cassidy et al., 2005; Early et al., 2007; Perlman et al., 2004). Additionally, stud-
ies have identified issues with items within subscales and indicators within items (Fuji-
moto et al., 2018; Gordon et al., 2013). Despite these issues, the rating scales do capture 
information on important aspects of quality (Brunsek et al., 2017; Gordon et al., 2015; 



Page 5 of 18Hansen et al. International Journal of Child Care and Education Policy           (2026) 20:17 

Ulferts et al., 2019). Most studies have used information on item or subscale level (Cas-
sidy et al., 2005; Early et al., 2007; Mayer & Beckh, 2016), with only a few having infor-
mation on all indicators (Fujimoto et al., 2018; Gordon et al., 2015). However, no studies 
have used information derived from indicator level, based on all indicators by ignoring 
the stop-scoring rule, to develop alternative measures of quality. This would allow for all 
the higher level process indicators to be included.

Predicting cognitive development from elements of environment rating scales

The relevance of attending center-based care for early learning and development has 
been reviewed and meta-analyzed in several studies, showing the importance of high-
quality group care (Brunsek et al., 2017; Ulferts et al., 2019; Rademacher et al., 2025). A 
comprehensive review of the impact of ECEC on child development found consistent 
positive results for preschool age children (aged three to five), with more mixed results 
for infants and toddlers (Melhuish et al., 2015). However, a recent literature review 
focusing specifically on process quality for children under three found positive links 
between quality and infant-toddler development (Cadima et al., 2020). Meta-analyses 
investigating the relationship between global quality measures and child development 
finds modest effects of quality (Brunsek et al., 2017; Keys et al., 2013 Perlman et al., 2016; 
Ulferts et al., 2019). A meta-analysis by Ulferts et al. (2019) including European stud-
ies on the impact of process quality on academic outcomes found an overall effect size 
of 0.11 SD for global measures, and 0.10 SD for domain-specific measures. Brunsek et 
al. (2017) conducted a meta-analysis of studies using ECERS and ECERS-R and found 
overall weak positive associations with language and social-emotional development. For 
language development, the pooled correlation was 0.05 for the total score, and 0.07 for 
the Language-Reasoning subscale. No significant results for the commonly used factors 
‘Provision for learning’ and ‘Teaching and interactions’ were found (Brunsek et al., 2017).

Studies predicting child development from the environment rating scales have identi-
fied positive associations from the total score and alternative factor solutions (Gordon 
et al., 2013; Mayer Bech 2016; Sylva et al., 2006). Gordon et al. (2013) included both 
the total score and a three-factor solution and found few and small associations with 
child outcomes while controlling for child and family characteristics. Similarly, Mayer 
and Beckh (2016) found cognitive development to be positively related to the ‘Lan-
guage and interaction’ and ‘Space & Furnishing/ Activities/ Program’ factor. However, 
these associations became non-significant when applying the Bonferroni-Holm correc-
tion (Mayer & Beckh, 2016). In the British EPPSE study, ECERS-R and an extension of 
the scale including curricular subscales ECERS-E were used to capture global process 
quality (Sylva et al., 2006). The results showed positive effects of the ECERS-E scale for 
cognitive/linguistic development, adjusting for demographic characteristics; however no 
significant associations were found using the ECERS-R. Based on the evidence, it can 
be concluded that quality factors that include more educational aspects (communica-
tion, interaction, instruction) predict children’s cognitive development better than global 
measures of quality that include aspects related to children’s basic needs (Sylva et al., 
2006; Burchinal et al., 2021; Howard et al., 2024). Furthermore, studies exploring child-
level measures targeting experiences of individual children, specifically related to devel-
opmental support, have confirmed this by showing promising results in predicting child 
outcomes (Burchinal et al., 2021, Justice et al., 2019).
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Some Norwegian studies have included measures of ECEC quality when studying 
the relationship between ECEC and child development (Eliassen et al., 2018; Hansen 
& Broekhuizen 2020; Løkken et al., 2018). Eliassen et al. (2018) found no associations 
between quality and cognitive development at age three using the ITERS-R total score. 
Hansen and Broekhuizen (2020) found a small association with quality using items 
from the subscale ‘Listening and Talking’ from the ITERS-R on verbal development at 
age five, adjusted for verbal development at age three. Similar results were also found 
in a study by Løkken et al. (2018), predicting social-emotional developmental from the 
subscale ‘Interaction’ in the ITERS-R. However, no significant effects were found when 
using the original ECERS-R total score and subscales for cognitive development age five. 
Cultural considerations and contextualization are important when using quality rat-
ing scales developed in the US in other cultural contexts (Alyps & Hernandez-Torrano, 
2026). The scales have been shown to capture aspects of the pedagogical quality valued 
in the Nordic tradition and curriculum, and the ITERS-R demonstrated a high degree of 
consistency with the Norwegian framework (Bjørnestad et al. 2019; Garvis et al. 2017).

Recent studies on the predictive ability of the scales have used quality factors based 
on information at the item level (Gordon et al., 2013; Mayer & Beckh, 2016). There are 
a few studies operationalizing domain-specific quality factors from information at the 
indicator level (Gordon et al., 2015), but currently there are no studies predicting child 
outcomes from latent variables derived from the indicator level. We investigate the 
potential of developing new quality factors and relating them to cognitive outcomes in a 
context of universal accessible ECEC in Norway.

The present study
In the present study, we explored quality factors from the ITERS-R and ECERS-R spe-
cifically related to cognitive stimulation through latent variable analysis at the indicator 
level, and then examined the associations between latent cognitive stimulation quality 
factors and children’s cognitive development at toddler and preschool age in the context 
of the universally accessible ECEC system in Norway.

This study contributes to existing research literature in two ways. First, the study 
restructures the data from scales using information at the indicator level (and includ-
ing all indicators by ignoring the ‘stop-scoring’ rule) to identify domain specific (cog-
nitive stimulation) factors that might predict children’s cognitive development. The 
expectation is that a specific quality measure might be more closely linked to specific 
child outcomes (i.e., a domain-specific approach) as suggested in previous research 
(Burchinal et al., 2021; Brunsek et al., 2017). Second, by including data from toddler-
hood and preschool age, the study investigated the potential effect of quality during two 
sensitive developmental periods where investment is important for later attainment 
(Knudsen et al., 2006). Thus, the main research question was to determine the extent to 
which domain-specific cognitive stimulation quality factors derived from the ITERS-R 
or ECERS-R indicators were associated with cognitive development in toddler and pre-
school age in a universal accessible ECEC system. It was hypothesized, based on pre-
vious evidence, that there would be positive associations with cognitively stimulating 
dimensions of the environment on child cognitive development.
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Method
Participants and Procedure

The participants were from the longitudinal research project XX. The study was 
approved by the Norwegian Centre for Research Data, in accordance with national ethi-
cal guidelines. Using a stratified random sampling procedure, 158 ECEC centers in six 
regions in Norway were approached to participate in the study, and 93 centers agreed 
to participate. All parents with children born in 2011 and 2012 attending one of the 
selected centers were asked to participate and the parents provided written informed 
consent of participation on behalf of their children. The study includes 1200 children 
enrolled in 93 centers located in six different regions in Norway, enrolled in 206 tod-
dler groups and 205 preschool groups. In Norway, typically children are moved from 
an infant/ toddler group to a preschool group within the same center the year that they 
turn three. This study included all children with non-missing outcome data, resulting in 
an analytical sample consisting of 1096 children (48% girls, 24% with one or both par-
ents born outside of Norway), located in six different regions in Norway (region 1 = 19%; 
region 2 = 22%; region 3 = 14%; region 4 = 21%; region 5 = 20%; region 6 = 4%). The aver-
age age at first cognitive assessment as 2.96 years (SD=0.21) at 5.02 years (SD=0.12) at 
the second assessment Data for this study include environment quality ratings conduct-
ing during observations in the respective child groups, in addition to direct assessment 
of children’s verbal and non-verbal cognitive development. The quality measures were 
conducted by certified ITERS-R and ECERS-R researchers who followed the procedures 
described by the Environment Rating Scales Institute (ERSI – ersi.info). All the ITERS-
R and ECERS-R observers in this study were trained by the third author, who had been 
certified by the developers of the ITERS-R and ECERS-R. The observers reached a mini-
mum 80% reliability at item and indicator level prior to conducting observations. The 
ratings were conducted during a one-day visit and were based on three to four hours 
of observation, followed by an interview with the preschool teacher to get additional 
information on quality indicators that could not be observed (e.g., frequency of activities 
and how the books available was chosen). The questions asked followed the procedure 
described in the ITERS-R/ ECERS-R manuals. The child assessments were conducted 
in surroundings familiar to the child in the ECEC center, and children were accompa-
nied by a familiar staff member. Prior to the assessment, the data collector informed the 
parents and asked the staff members to inform and prepare the child. The staff members 
were told that they were participating to provide emotional support but were instructed 
not to assist the children with the tasks.

Measures

Cognitive outcomes. Cognitive development was assessed with (Norwegian trans-
lations of ) two subscales from the British Ability Scale 3 (Elliot & Smith, 2011): nam-
ing vocabulary and picture similarities. These measures were chosen because of their 
predictive power for children’s long-term educational and social development. Naming 
vocabulary measure cognitive verbal ability by assessing expressive language vocabulary. 
Children were shown a sequence of 36 pictures of everyday objects and asked to name 
them. Picture similarities measures non-verbal ability by assessing non-verbal reasoning 
on 35 items. Children were asked to match a picture on a card with one of four pictures 
in a booklet that had a common concept or element. For both scales, children were given 
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one chance on each item, and answers were scored as 1 (correct) or 0 (incorrect). Previ-
ous studies have used ability scores in accordance with the scoring manual that reflects 
both the numbers of items answered correct and the difficulty of items taken (Eliassen et 
al., 2018, Hansen & Broekhuizen, 2020). In this study, the cognitive outcome measures 
were modelled as latent variables, an approach shown to be appropriate when using BAS 
3 in a Norwegian context (Elnes et al., 2024). By this approach, we reduce measurement 
error and estimate a cleaner measure of the underlying construct relating to cognitive 
abilities (see Beaujean, 2014).

ECEC quality. Quality in toddler-groups (0–3 years) was measured using the Infant/
Toddler Environment Rating Scale-Revised (Harms et al., 2006) and in preschool groups 
(3–6 years) with the Early Childhood Environment Rating Scale-Revised (Harms et al., 
2005). The scales include over 400 indicators covering aspects of child-care quality across 
a wide range of developmental, personal health and safety domains. The indicators make 
up 39 items in the ITERS-R and 43 items in the ECERS-R covering seven dimensions of 
quality. The indicators are ordered from low to high quality on a 1–7 point Likert-type 
scale (1 = inadequate, 3 = minimal, 5 = good, 7 = excellent). There are multiple indicators 
per quality level and the number of indicators differs between quality levels (1,3 or 5) 
within the items. To obtain an item score, the observer is directed in the manual to start 
scoring indicators on the lowest level of quality and stops when not all indicators are 
met at a specific level (1, 3 or 5). This “stop-scoring” procedure means that all indicators 
at a specific level need to be obtained before evaluation can proceed to the next quality 
level for the item. The items are further grouped into seven sub-scales, such as “space 
and furnishing” and “interactions”. Given the high number of indicators and items, the 
subscales are intended to ease the interpretation of the results through distinct domains 
of quality. A subscale score is a mean of the items included in the subscale, and the total 
score is a mean of all items in the scale. The total score is often referred to as a measure 
of global quality. The data gathered for this study did not follow the ‘stop-scoring proce-
dure’ but used an alternative scoring procedure, meaning that all indicators were scored. 
Rather than using the subscales, this procedure provides the possibility to identify alter-
native domain-specific factors, and to determine if they more accurately describe cogni-
tive stimulation. Specifically, cognitively stimulating indicators were selected from the 
ITERS-R and ECERS and were used to model latent quality variables.

Statistical approach

Confirmatory factor analysis was used to model quality factors specific to cognitive 
stimulation for toddler and preschool groups from the ITERS-R and ECERS-R scales. 
The initial selection of indicators to include in the analysis was theoretically driven and 
included those thought to relate to cognitive stimulation. The initial selection of indica-
tors was done by all the authors, who are a recognized team of experts in developmental 
and educational psychology, using a Delphi technique (Linstone & Turoff, 2002) to reach 
consensus. This selection included 131 out of 378 indicators from the ITERS-R, and 140 
out of 383 indicators in the ECERS-R. The subscale Parents and Staff was not measured 
since the content is not directly related to children’s learning environment. The subscale 
has also been excluded in the third edition of the scale – ECERS3 (Harms et al., 2015). 
The quality indicators that had little or no variance were excluded prior to the confirma-
tory analysis (ITERS-R: N = 42, ECERS-R: N = 37). The discarded indicators were mostly 
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found at indicator level three (ITERS-R: N = 35, ECERS-R: N = 27). Some theoretically 
relevant indicators related to availability of toys and material (ITERS-R: N = 37, ECERS-
R: N = 44) and interactional aspects (ITERS-R: N = 7, ECERS-R: N = 5) were also excluded 
from the final factors due to low factor loadings. The final factors included 45 indicators 
from ITERS-R and 54 indicators from ECERS-R. During the development of the quality 
factors, a substantial reduction of indicators was observed from the initial theoretical 
model to the final model. The model-fitting process, undertaken to establish a model 
that is both theoretically and empirically grounded, resulted in an overall good model fit 
and high factor loadings The indicators and factor loadings included in the final solution 
are presented in the appendix, Tables 4 and 5.

The outcome measures, verbal (expressive language) and non-verbal (reasoning) 
cognitive development age three and five, were also modelled as latent variables using 
confirmatory factor analysis. Initially, all age specific items were included in separate 
analyses for each outcome measure. For verbal ability at age three, items 1–24 were 
included, and for age five, items 11–36 were included. For non-verbal ability at age three, 
items 1–18 were included and for age five, items 12–35 were included.

Several confirmatory factor models, using lavaan in R (Rosseel, 2012), were con-
structed. All variables were treated as ordinal in the factor analyses, using the robust 
weighted least squares estimator (WLSMV) (Nye & Drasgow, 2011). Model fit was 
reported with the following robust goodness-of-fit indices: root mean square of approxi-
mation (RMSEA), comparative fit index (CFI) and Tucker-Lewis index (TLI). Missing 
cases were dealt with using pairwise likelihood (PL) imputation in all factor analyses.

Analyses estimating the relation between the derived cognitive stimulation quality fac-
tors and children’s cognitive development were conducted using Ordinary Least Square 
(OLS) regressions. Latent variables for cognitive stimulation quality and cognitive devel-
opment were modelled prior to inclusion in the structural model and the factor scores 
were used as continuous variables in the regression analyses. The cognitive stimulation 
quality factors and total scores in toddler and preschool groups were regressed on verbal 
and non-verbal skills age three and five, respectively, to produce estimates on children’s 
cognitive development. The total scores were included because there is no equivalent 
subscale related to cognitive development. In all models, potential regional confounders 
were controlled by including region as dummy variables (six different regions). Listwise 
deletion was used to handle missingness in all regression models. Reported regression 
estimates are standardized on both outcome and predictor variables, resulting in regres-
sion coefficients (β) that represent the predicted standard deviation difference in cogni-
tive outcomes given a one-unit increase in quality.

Results
Descriptive statistics for the cognitive non-verbal and verbal outcomes, in addition to 
quality measures, are presented in Table  1. The cognitive stimulation quality factors 
developed in this study and the total scale score correlated strongly for ITERS-R (r=.81, 
p<.001) and ECERS-R (r=.81, p<.001). The measures of non-verbal and verbal skills cor-
related modestly at age three (r=.33, p<.001) and age five (r=.26, p<.001), showing that 
they measure two related but distinct aspects of cognition.

Measurement models. All measurement models produced statistics indicating ade-
quate to good model fit (see Table  2). The only post-hoc modification done was that 
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items 31 and 36 were discarded from verbal ability at age five due to low factor loadings. 
No post-hoc modifications were conducted for the quality factors (factor loadings are in 
Tables 4 and 5).

Regression estimates. Examining the relation between cognitive stimulation qual-
ity factors and children’s cognitive outcomes, cognitive development varied as a func-
tion of cognitive stimulation quality after adjusting for region (see Table  3). Table  3 
shows the standardized regression coefficient for the cognitive stimulating quality fac-
tors in toddler- and preschool groups and cognitive outcome at age three and five. For 
children under three, the cognitive stimulation factor derived from ITERS-R predicted 
non-verbal cognitive development (β = 0.065, p=.048) and verbal cognitive development 
age three (β = 0.074, p=.024), after adjusting for region. No significant associations were 
found between the ITERS-R total score and either non-verbal (β = 0.042, p=.185) or 
verbal skills age three (β = 0.008, p=.812), after adjusting for region. For children over 

Table 1  Descriptive statistics of child cognitive outcome and ECEC quality measures
Variables n Mean SD
Non-verbal skills age three 1096 -0.03 0.44

Verbal skills age three 1078 -0.03 0.61

Non-verbal skills age five 1028 -0.02 0.37

Verbal skills age five 1029 -0.04 0.84

ITERS-R Cognitive Stimulation Factor 1070 0.05 0.61

ITERS-R Total Score 1087 3.96 0.77

ECERS-R Cognitive Stimulation Factor 915 -0.02 0.50

ECERS-R Total Score 915 4.15 0.85

Table 2  Robust goodness-of-fit indices for child outcome and quality factors
RMSEA CFI / TLI

Outcome factor

Verbal skills age three 0.032 (0.028-0.036) 0.968/0.965

Non-verbal skills age three 0.023(0.017-0.029) 0.947/0.940

Verbal skills age five 0.020(0.015-0.025) 0.967/0.964

Non-verbal skills age five 0.021(0.016-0.026) 0.941/0.935

Quality factor

ITERS-R Cognitive Stimulation 0.043 (0.037-0.049) 0.935/ 0.932

ECERS-R Cognitive Stimulation 0.041 (0.036-0.046) 0.926/0.924
RMSEA=Root Mean Squared Error of Approximation, CFI= Comparative Fit Index, TLI= Tucker-Lewis Index

Table 3  Regression analysis results, significant factors and total scores from ITERS-R and ECERS-R 
associated with child cognitive outcomes

Dependent variable:
Non-verbal age 
three

Verbal age three Non-verbal age 
five

Verbal 
age five

B(SE) B(SE) B(SE) B(SE)
ITERS-R Cognitive Stimulation 0.074 (0.032)* 0.065 (0.033)*

ITERS-R Total Score 0.008 (0.031) 0.042 (0.032)

ECERS-R Cognitive Stimulation 0.095 (0.037)* 0.110 
(0.037)**

ECERS-R Total Score 0.094 (0.035)** 0.069 
(0.036)

Observations 1069 1063 906 905
Covariates have been omitted from the presentation. *p < .05; **p < .01; ***p < .001
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three years, the cognitive stimulation factor derived from ECERS-R predicted non-
verbal cognitive development (β = 0.095, p= .011) and verbal cognitive development 
age five (β = 0.110, p=.003), after adjusting for region. For cognitive outcomes at age 
five years, the ECERS-R total score was significantly associated with non-verbal skills 
(β = 0.094, p=.007), but not with verbal skills (β = 0.069, p=.052) - although it approached 
significance.

Discussion
In this study, two latent quality factors were established using selected cognitively stimu-
lating indicators from the ITERS-R and ECERS-R. The latent factors were found to have 
significant associations with children’s cognitive development at toddler and preschool 
age in the context of a universally accessible ECEC system in Norway. The ITERS-R 
cognitive stimulation factor was positively associated with non-verbal and verbal cogni-
tive development when the children were aged three years, and the ECERS-R cognitive 
stimulation factor was positively associated with non-verbal and verbal cognitive devel-
opment at age five years. By contrast, the ITERS-R total score did not predict cogni-
tive development for children aged three years, and ECERS-R total score only predicted 
non-verbal cognitive development at age five years.

The associations found between the cognitive stimulating quality factors and cogni-
tive outcomes in this study were significant but small in magnitude (ranging from 0.06 
to 0.11), which replicates results from prior studies (Burchinal et al., 2021; Early et al., 
2018; Ulferts et al., 2019). The magnitude of the effect sizes can be considered small by 
conventional standards, with values ranging from 0.06 to 0.11 (in standard units), cor-
responding to small effects according to Cohen’s classification of effect sizes (1998). 
However, interpreting the meaning of these effect sizes is not straightforward as their 
applicability can vary across research contexts (Belsky et al., 2007). Given that the posi-
tive effects of ECEC quality may be experienced by all children, even small effects can 
result in substantial cumulative impacts (Belsky et al., 2007). Moreover, as research sug-
gests that these effects may persist into the school years (Eliassen et al., 2024; Elnes et al., 
2026), small effect sizes can be understood as having modest but lasting implications for 
children’s development. This suggests that such effects may accumulate over time, influ-
encing developmental trajectories into adolescence (Sluiter et al., 2025) and pointing at 
that effect sizes in absolute terms may not be unimportant in practical terms.

Given the small effects sizes, the results suggest that a cognitive stimulating envi-
ronment has a modest, but reliable effect on three- and five-year old outcomes, with 
marginally stronger associations for the ECERS-R cognitive stimulation factor in pre-
school years compared to the ITERS-R cognitive stimulation factor in toddler age. This 
is aligned with previous research that, to a large extent, have been consistent about the 
positive effect of quality in preschool years (Melhuish et al., 2015). However, finding pos-
itive associations between quality in toddler care and child development has been more 
challenging. In a UK study, Barnes and Melhuish (2017) found quality in toddler care 
marginally predicted cognitive and verbal scores at age 51 months, but not non-verbal 
skills. Using the total score from ITERS-R, Eliassen et al. (2018) did not find quality pre-
dicted verbal or non-verbal cognitive skills age three years, while Hansen and Broekhui-
zen (2020) found only one specific item from ITERS-R to be significant associated with 
cognitive verbal skills age five years. Few studies have included quality ratings from both 
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toddler and preschool child groups. The findings from this study contribute by propos-
ing a more robust and reliable way of modelling the relationship between ECEC quality, 
measured on the basis of a selected subset of indicators, and child development.

The cognitive stimulating quality factors did predict cognitive outcomes, albeit with 
small effect sizes, in contrast to the total scores from the standard rating scales. In this 
study theoretically relevant indicators were selected, which differs from previously used 
strategies. Previous research has shown that the indicators within the items do not fol-
low an ordinal progression with respect to quality, which creates issues with capturing 
high-quality when applying the standard stop-scoring procedure (Fujimoto et al., 2018; 
Gordon et al., 2015; Mayer & Beckh, 2016). This approach was possible by using an alter-
native scoring procedure. In the initial model, level 3 indicators were initially included 
but then discarded when they showed low variation and/ or low factor loadings. All but 
two indicators included in the final factors were at level 5 or level 7, measuring good to 
excellent quality. This shows that, when using quality rating scales in a Norwegian con-
text, there was a need for more fine-grained measures capturing variation in mid to high 
quality provisions. This issue is likely to arise in countries where state-funded provision 
with quality and/or inspection criteria with a focus on structural aspects of care limit 
very low quality provision. Based on the results in this study, it can be argued that indi-
cator level information better captures the core aspects of quality in group ECEC.

Beside the validity issues, a refined quality measure can be easier to handle and use, 
both in terms of scoring and measuring high-quality since fewer items need to be 
assessed. After a period of optimism in using quality rating scales to predict child out-
comes, there seems to be a shift in direction after several reports of weak associations 
or failure to find significant associations. There seems to be an agreement in the field of 
ECEC that staff-child interactions should be included in measures of quality based on 
developmental theories (Bronfenbrenner & Morris, 2006; Vygotsky, 1978). However, the 
challenge is to identify which dimensions of staff-child interactions and staff’s educa-
tional practices are related to children’s developmental outcomes in different domains. 
Interactions with responsive and sensitive staff members providing children with activi-
ties within their zone of proximal development is argued to be beneficial for cognitive 
development (Melhuish et al., 2015). The quality factors developed in this study included 
mainly indicators related to adults’ support of children’s interactions, communication 
and play, and can be a useful alternative way to summarize ITERS-R and ECERS-R data 
in order to understand ECEC quality at group level related to cognitive development. 
Thus, this study makes a theoretical contribution in conceptualizing ECEC quality in 
relation to cognitive development.

Overall, more research is needed to explore which dimensions of ECEC quality pro-
mote child development and how these can best be observed. The weak or no correla-
tions between quality scores and child outcomes reported in previous research (Howard 
et al., 2024; Rademacher et al., 2025) may suggest that the measures used do not ade-
quately capture meaningful aspects of ECEC quality. However, the findings from this 
study, together with those of other studies (Burchinal et al., 2021; Sylva et al., 2006), 
highlight the potential of quality measures targeting specific developmental domains, in 
addition to a more holistic approach that assesses the overall quality of children’s play 
and learning environment and early childhood programs. Giving the recommendation 
of scoring all indicators in the new ECERS-3 (Harms et al., 2015), and the emphasis on 
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educational and instructional practices more related to child development (Neitzel et al., 
2019), there is potential in developing quality factors more strongly related to child out-
comes from this scale. We have in this study selected indicators of quality that were con-
sidered most appropriate for supporting children’s cognitive development and relevant 
in a Norwegian context. Building on the results from this study, more refined quality 
measures capturing mid to high quality seems relevant and could be explored further 
in different ECEC systems and related to other developmental domains, such as social 
competence, and children’s well-being.

There are limitations of this study. First, the data used in this study are observa-
tional, and therefore the results cannot be interpreted as causal. Second, analyses did 
not include covariates at the child level, e.g., home learning environment, parental edu-
cation, income, and do not consider the potential moderating effects of family factors. 
Third, the study did not use the latest edition of the ECERS scale, ECERS-3, which has 
been revised following research findings as cited here, to theoretically better capture the 
teachers support for children’s development of cognitive skills. However, a study by Early 
et al. (2018) found that the third edition had validity issues related to structure and pre-
diction of child outcomes similar to those identified when using the ECERS-R and Neit-
zel et al. (2019) found ECERS-R to correlate with ECERS-3. Finally, there could be some 
limitations related to the measures of child outcomes (Burchinal, 2018). The measures 
used have previously shown good psychometric properties (Elliot & Smith, 2011) and 
valid to use in a Norwegian context (Elnes et al., 2024). And a replication on other child 
outcomes might result in different results for the total score and the cognitive stimula-
tion factor developed in this study.

The results from this study have implications for policy and practice. Considering the 
importance of early years for development, and that the investments in this period are 
particularly productive (Knudsen et al., 2006; Melhuish & Barnes, 2021). The factors 
identified in this study offer a valuable complement to existing measures for document-
ing and understanding ECEC quality and its relationship to children’s cognitive devel-
opment. Specifically, staff-child interactions, including both the quantity and quality of 
communication, as well as the engagement of all children, were found to predict cogni-
tive outcomes. Quality measures can inform professional development; however, they 
must be adapted to contextual and cultural conditions and integrated with complemen-
tary assessment approaches. When implemented thoughtfully, the cognitive stimulation 
measures can support professional development and contribute to an ECEC environ-
ment that supports children’s learning, development, and well‑being.

Conclusion
In summary, the findings suggest that the quality of care is important both during tod-
dlerhood and preschool period, but that more refined measures of quality can be devel-
oped if the focus is targeted on the outcome of interest. The results suggest that there is 
a reasonable level of stability in the associations between factors of quality focusing spe-
cifically on cognitive stimulation in ECEC and cognitive development during two devel-
opmental periods: toddler and preschool age.
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Appendix

Table 4  Table of factor loadings for ITERS-R cognitive stimulation factor
Indicator Estimate Item*

Indicator 7.7.1 0.699 Meals/ Snacks

Indicator 12.5.1 0.818 Helping children understand language

Indicator 12.5.4 0.806 Helping children understand language

Indicator 12.7.1 0.796 Helping children understand language

Indicator 12.7.3 0.675 Helping children understand language

Indicator 13.5.1 0.795 Helping children use language

Indicator 13.5.2 0.797 Helping children use language

Indicator 13.5.3 0.823 Helping children use language

Indicator 13.7.1 0.737 Helping children use language

Indicator 13.7.2 0.587 Helping children use language

Indicator 13.7.3 0.577 Helping children use language

Indicator 13.7.4 0.500 Helping children use language

Indicator 14.5.4 0.349 Using books

Indicator 17.5.3 0.356 Art

Indicator 17.7.2 0.417 Art

Indicator 19.5.1 0.380 Blocks

Indicator 19.7.2 0.397 Blocks

Indicator 20.7.3 0.421 Dramatic play

Indicator 21.3.2 0.545 Sand/ water play

Indicator 21.5.2 0.474 Sand/ water play

Indicator 21.5.3 0.497 Sand/ water play

Indicator 25.5.3 0.832 Supervision of play and learning

Indicator 25.5.4 0.843 Supervision of play and learning

Indicator 25.7.1 0.845 Supervision of play and learning

Indicator 25.7.2 0.782 Supervision of play and learning

Indicator 25.7.3 0.733 Supervision of play and learning

Indicator 26.7.2 0.441 Peer interaction

Indicator 27.5.1 0.864 Staff-child interaction

Indicator 27.7.1 0.705 Staff-child interaction

Indicator 27.7.2 0.785 Staff-child interaction

Indicator 28.5.1 0.791 Discipline

Indicator 28.5.2 0.747 Discipline

Indicator 28.5.3 0.735 Discipline

Indicator 28.5.4 0.694 Discipline

Indicator 28.7.1 0.418 Discipline

Indicator 28.7.2 0.563 Discipline

Indicator 29.5.1 0.367 Schedule

Indicator 29.7.1 0.699 Schedule

Indicator 29.7.2 0.593 Schedule

Indicator 30.5.1 0.493 Free play

Indicator 30.5.2 0.793 Free play

Indicator 30.7.1 0.769 Free play

Indicator 30.7.2 0.570 Free play

Indicator 31.5.3 0.388 Group play activities

Indicator 31.7.2 0.645 Group play activities
Estimates reported are standardized factor loadings. Variable names refer to item number, level of quality and question 
number

* Copyright regulations prevent providing further detail of the indictors
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Indicator Estimate Item*

Indicator 4.5.1 0.538 Room arrangement for play

Indicator 4.5.3 0.335 Room arrangement for play

Indicator 4.7.1 0.426 Room arrangement for play

Indicator 4.7.2 0.465 Room arrangement for play

Indicator 10.7.1 0.486 Meals/ snacks

Indicator 10.7.3 0.794 Meals/ snacks

Indicator 11.7.2 0.375 Nap/ rest

Indicator 13.7.1 0.657 Health practices

Indicator 15.5.1 0.324 Books and pictures

Indicator 16.5.1 0.823 Encouraging children to communicate

Indicator 16.7.1 0.719 Encouraging children to communicate

Indicator 17.3.2 0.644 Using language to develop reasoning skills

Indicator 17.5.1 0.417 Using language to develop reasoning skills

Indicator 17.5.2 0.491 Using language to develop reasoning skills

Indicator 17.7.1 0.687 Using language to develop reasoning skills

Indicator 17.7.2 0.747 Using language to develop reasoning skills

Indicator 18.5.1 0.798 Informal use of language

Indicator 18.5.3 0.803 Informal use of language

Indicator 18.5.4 0.860 Informal use of language

Indicator 18.7.1 0.890 Informal use of language

Indicator 18.7.2 0.799 Informal use of language

Indicator 20.5.1 0.365 Art

Indicator 20.5.2 0.406 Art

Indicator 21.7.1 0.457 Music/ movement

Indicator 21.7.3 0.398 Music/ movement

Indicator 22.7.1 0.492 Blocks

Indicator 24.7.4 0.565 Dramatic play

Indicator 25.5.4 0.483 Nature/ science

Indicator 25.7.1 0.369 Nature/ science

Indicator 26.5.1 0.360 Math/ number

Indicator 26.5.4 0.577 Math/ number

Indicator 28.5.2 0.368 Promoting acceptance of diversity

Indicator 29.5.3 0.514 Supervision of gross motor activities

Indicator 29.7.1 0.552 Supervision of gross motor activities

Indicator 29.7.2 0.708 Supervision of gross motor activities

Indicator 30.5.1 0.642 General supervision of children

Indicator 30.5.2 0.772 General supervision of children

Indicator 30.5.4 0.767 General supervision of children

Indicator 30.7.1 0.872 General supervision of children

Indicator 30.7.2 0.877 General supervision of children

Indicator 31.5.3 0.690 Discipline

Indicator 31.7.1 0.752 Discipline

Indicator 31.7.2 0.504 Discipline

Indicator 32.7.2 0.791 Staff-child interactions

Indicator 33.5.2 0.834 Interactions among children

Indicator 33.7.1 0.652 Interactions among children

Indicator 33.7.2 0.457 Interactions among children

Indicator 34.7.1 0.513 Schedule

Indicator 34.7.2 0.641 Schedule

Indicator 35.5.2 0.844 Free play

Indicator 35.7.1 0.836 Free play

Indicator 35.7.2 0.419 Free play

Table 5  Table of factor loadings for ECERS-R cognitive stimulation factor
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