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Parental report instruments are a non-invasive way to assess children’s language development and have proved to give both valid and reliable results when used with children under the age of 2;6 (and in some cases up to 3). In this study we examine the newly developed Norwegian edition of a language assessment tool for older preschoolers: MacArthur-Bates Communicative Development Inventory III (CDI-III), investigating whether this parental report tool can be used for assessing the language of monolingual Norwegian-speaking children between 2;6 and 4 years. NCDI-III results for 100 children between 2;6 and 4.0 are presented. All sections were significantly intercorrelated. All sections except Pronunciation showed growth with age. Internal consistency was measured both in terms of Cronbach’s alpha and corrected item-scale correlation, and the results are discussed considering features of item difficulty distribution. Methodological considerations are discussed, as well as implications relevant both for possible later revisions and for CDI-III adaptations to new languages.
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1. Introduction

Valid and reliable language assessment tools can be useful for a number of purposes, both for researchers and practitioners. The many language adaptations of the parental report tool MacArthur-Bates Communicative Development Inventories (CDI) have been used for, e.g., research on children’s language acquisition in specific languages (e.g., Wehberg et al., 2008; Kristoffersen et al., 2012) and cross-linguistic research about children’s language development (e.g., Bleses et al., 2008; Frank et al., 2021). Other examples of research are the use of CDIs to investigate how the language development of children with conditions such as cleft lip and palate, autism, impaired hearing, or language delay may differ from that of their typically developing peers (e.g., Scherer and D’Antonio, 1995; Charman et al., 2003). At the same time, CDIs are also used clinically or as screening tools by speech and language practitioners, child healthcare services and others. Some CDI adaptations have been validated with clinical use in mind (Heilmann et al., 2005; Thal et al., 2007; Urm and Tulviste, 2021).

The MacArthur-Bates CDI (Fenson et al., 2007) was constructed to capture reliable, precise and generalizable information about children’s early communicative development through a report form filled in by parents (Fenson et al., 1994). The tool is widely recognized as an effective, cost-efficient and valid method for assessing a range of communicative skills in young children, yielding reliable measures of early language development across languages (Law and Roy, 2008). Originally, there were two questionnaires, CDI I Words and gestures for children aged 8 to 20 months, and CDI II Words and sentences for children up to 30 months. The former comprises a section on early communicative development, including questions about gestures and imitation as well as a vocabulary checklist of about 300 words. In the latter, the vocabulary checklist is twice as long, and includes a list of grammar questions concerning overgeneralizations and sentence complexity as well as a question about the child’s three longest utterances. While some sections of the tool can be used to create compound scores, such as an estimated vocabulary size, the aim of its creators was to investigate language development in a broad sense, not to establish an overall measure of language development (Fenson et al., 1994).

Although the tool was meant to give an estimate of several aspects of children’s language skills, each section was not meant to give an exhaustive overview. Hence, the CDI vocabulary checklist, despite being quite extensive, was never meant to provide a full overview of any one child’s vocabulary, but rather to give an index of their vocabulary knowledge (Fenson et al., 1994). The introduction of shortforms (see, e.g., Jackson-Maldonado et al., 2013) further underlines this principle, as shorter versions of CDIs were developed to limit the workload involved in assessing children’s knowledge.

Combining CDI data from multiple languages, researchers have been able to study children’s language development across a wide variety of languages and societies. A recurring pattern is the great variation both in the pace of children’s language acquisition and in their routes to language learning (Frank et al., 2017). Another common pattern is a clear gender effect: Girls tend to outperform boys on productive vocabulary, whereas this pattern is less clear for word comprehension (Eriksson et al., 2012; Frank et al., 2021). Effects of sociodemographic factors on vocabulary have also been described, but these effects vary between languages (Frank et al., 2021).


1.1. The development of CDI-IIIs for 3–4-year-olds

The first attempts at expanding the CDI methodology beyond 2;6 years were made for American English by researchers in the US (Dionne et al., 2003; Feldman et al., 2005; Fenson et al., 2007). They used the same categories of words as in CDI-II, keeping some of the CDI-II words and adding some new ones. This type of CDI-III forms for children up to 4 have subsequently been developed for (Mexican) Spanish (Pilot INV-III, Guiberson, 2008), Basque (Ezeizabarrena et al., 2013; Garcia et al., 2014), and Hungarian (Kas et al., 2022). Whereas CDI I and IIs have been found to represent a valid measure of children’s language development of younger children, results from this type of CDI-IIIs have been more mixed, particularly concerning vocabulary (Eriksson, 2017). This was also the case for a previous version of the Norwegian CDI-III, where ceiling effects were found for the vocabulary section, and grammar items were found not to correlate with vocabulary (Sunde et al., 2014).

The requirements of the construction, validation and standardization of any assessment tool depend to a certain extent on what the main purpose of the instrument is intended to be: If it aims to capture the range of variation in language acquisition among children in its target population, the scales must have good discriminatory power across the full range in that population. As assessing vocabulary in older children necessarily entails capturing a very small subset of the children’s actual vocabulary (compared to the case for very young children), selecting the appropriate set of words is by no means trivial. To cover the intended age ranges of the CDI-IIIs, the instruments need to include both words that are ‘easy’ enough to distinguish between children with a relatively small vocabulary and words that are ‘sophisticated’ enough to distinguish between children with a fairly large vocabulary. That is, they must contain an assembly of items that are easier, items that are harder and items that are somewhere in the middle. At the same time, the instrument should preferably not be too long and extensive to administer.

To handle this problem, Eriksson (2017) proposed that rather than selecting words from a wide range of semantic domains, as do the previous MacArthur-Bates CDI instruments, choosing a smaller set of pre-defined themes based on developmental literature and being relatively exhaustive within these topics might be a better approach (2017, p. 648). The Vocabulary section of the Swedish CDI-III adaptation (SCDI-III) is hence built around four domains believed to be central for children in general and where their vocabularies typically expand during the preschool years. These themes are food words, body words, mental words and emotion words. The food theme is selected because food is an essential part of life and words related to food are usually found in children’s early vocabulary. Most of the words about food in the SCDI-III are verbs linked to cooking. The body words are selected to include both external and internal body parts, words for health conditions and body functions. Eriksson argues that children often begin to acquire words for external body parts during their second year of life, while words for internal organs, invisible to the child, are more demanding and are acquired at a slow pace. Being more abstract, mental words (words about thoughts) and emotion words (words about feelings) tend to be acquired from around the age of three, and children tend to acquire them at a slow pace during the preschool years.

The SCDI-III also introduced another invention: a Metalinguistic awareness section, included because these are skills generally acquired between 3 and 4 years while also being known to predict literacy (Eriksson, 2017, p. 648).

After conducting a validation and norming study, Eriksson (2017, p. 652) concluded that the structure of the Swedish version of the CDI-III could “well be integrated in similar instruments designed for other languages and cultures,” and CDI-III adaptations based on the Swedish version have since been developed for several new languages: Norwegian (Garmann et al., 2019), Polish, Finnish (Stolt, 2023), Estonian (Tulviste and Schults, 2020), (Mexican) Spanish (Jackson-Maldonado et al., 2022), and most recently Ukrainian. Both the Estonian version and the Norwegian one are based directly on the Swedish approach and mostly use the same categories as Eriksson (2017), while still being adaptations, not translations. Table 1 gives a brief comparison of the structures of the American English CDI-III and the Swedish, Estonian, Finnish and Norwegian adaptations. Below, we will present the structures of the Norwegian NCDI-III and the Estonian ECDI-III with the Swedish SCDI-III as a starting point.



TABLE 1 Comparison of the number of items and score ranges (in parentheses) for the subscales of five CDI-III adaptations.
[image: Table1]


1.1.1. The structure of the Swedish CDI-III

The SCDI-III consists of sections asking about the child’s general level of communication, vocabulary, grammar, metalinguistic awareness, and pronunciation. The first section, General level of communication, consists of only one item: Parents are presented with a list of six alternative descriptions and asked to check the one that is true for their child. The alternatives range from ‘My child does not speak yet’ to ‘My child often speaks in long sentences, like […]’. This section has a major ceiling effect and serves as a ‘filter’: If the parent indicates that the child does not speak, or is impossible to understand, they are not asked to answer any further questions (Eriksson, 2017, p. 649).

Next, there is a vocabulary section consisting of 100 words chosen from words belonging to four semantic domains: food words (16 items), body words (26 items), mental words (30 items), and emotion words (28 items). Parents are requested to indicate the words that they have heard the child say.

Two sections both address grammatical complexity: In the Language complexity section, respondents are asked to indicate which of two example sentences are more similar to the way their child speaks now. Each of the 10 items consists of one ‘simple’ and one ‘complex’ alternative, such as Jag har choklad (‘I’ve got chocolate’) versus Jag har choklad på min glass (‘I’ve got chocolate on my ice cream’). For each item the parent indicates on a three-level scale whether the child mostly speaks in line with the simple or the complex example: ‘always left’ – ‘equally often’ – ‘always right’. In the Grammatical constructions section, 8 items address various grammatical features, such as past tense morphology and passives, illustrated with examples and explanations. To reduce ceiling effects, Eriksson (2017, p. 648) decided to merge the two grammar scales, treating them as one broader Syntax scale with scores ranging from 0 to 36.

The SCDI-III Pronunciation section consists of only one item, asking the parent to compare the child’s speech to that of children of the same age, indicating whether the child sounds a little younger than their peers, similar to their peers, or a little more advanced than most of them. The final section consists of 7 items concerning Metalinguistic awareness, where respondents are asked to indicate ‘yes’ or ‘no’ to questions concerning various phenomena linked to later literacy – such as whether the child notices similar-sounding words, imitates the way people speak, shows interest in letters, or can write letters or words.



1.1.2. The Estonian CDI-III

The Estonian CDI-III (ECDI-III) (Tulviste and Schults, 2020) has kept most of the structure in SCDI-III, with a few changes: The ECDI-III has 7 questions about grammatical constructions where the Swedish form has 8, and the Estonian vocabulary section consists of 101 words instead of 100. Furthermore, the Metalinguistic awareness scale is divided into two subscales: Phonological awareness (3 items) and Orthographic awareness (4 items). Lastly, the Pronunciation scale contains 5 new yes/no questions in addition to the original comparison item. These new questions concern “pronunciation difficulties” that the child may have and whether strangers can understand what the child says (Tulviste and Schults, 2020, p. 71).



1.1.3. The Norwegian CDI-III

The Norwegian CDI-III (NCDI-III), like the SCDI-III, consists of a 100 words vocabulary checklist in addition to sections with questions about the child’s general level of communication, grammatical structures, sentence complexity, pronunciation, and metalinguistic awareness. Each section has a similar structure to that of the SCDI-III, with a few exceptions: The NCDI-III has a 4-level scale for the Grammatical constructions items and a 5-level scale for the Sentence constructions items, where their Swedish counterparts both have 3-level Likert scales. The NCDI-III scores thus range between 0 and 24 for Grammatical constructions and between 0 and 40 for Sentence complexity. The NCDI-III Pronunciation section consists of two items, where the Swedish has only one. As in the SCDI-III, there is one item asking parents to evaluate the child’s speech relative to other children of the same age. In addition, like the Estonian version, the NCDI-III includes an item asking parents to indicate whether people who do not know the child have trouble understanding what the child says (4 levels: ‘no, never’ – yes, sometimes’ – yes, often’ – ‘yes, always’).




1.2. Validation studies of the new CDI-IIIs

The SCDI-III was normed and validated as an assessment tool to measure children’s language skills by analysing data from 1,134 children aged 2;6 years to 4.0 (Eriksson, 2017). The ECDI-III and the NCDI-III have both been subjected to smaller evaluation studies based on data from 3-year-olds: The ECDI-III using data from 100 Estonian parents of 3-year-olds (Tulviste and Schults, 2020), while the NCDI-III has been piloted on data from parents of 28 Norwegian 3-year-olds (Garmann et al., 2019). However, neither of the two have yet been evaluated for the whole target age span.

All of the published reports have included assessments of the scales’ internal consistency, the intercorrelation between scales, and how the scores may be related to demographic factors such as gender and parental education level. For the SCDI-III, Eriksson (2017) also presents age-based norms with percentile levels, as well as examining the dimensionality of each SCDI-III scale. Tulviste and Schults (2020) compare ECDI-III results from children with and without reported difficulties with language development, assessing the sensitivity and specificity of the instrument as a potential screening or diagnostic tool for children with language difficulties. Garmann et al. (2019) compare the NCDI-III reports from staff at the children’s Early childhood education and care (ECEC) centers with those from parents, to see if reports from ECEC teachers combined with those from parents can be a reliable way to assess the linguistic development of bilingual children. None of the three studies, however, examine the structure of the Vocabulary scale (or any of the other scales) in terms of how easy or difficult the various items are.



1.3. The current study

In this study, we examine psychometric and linguistic properties of the NCDI-III based on parental report data covering the full CDI-III age span (2;6–4 years) to answer the following research questions:

1. Do the NCDI-III scales capture growth with age for children aged 2;6 to 4;0 years?

2. Which other demographic factors predict the children’s scores?

3. Do the scales correlate with each other?

4. Is there internal consistency within each of the NCDI-III scales (Vocabulary, Grammatical constructions, Sentence complexity and Metalinguistic awareness)?

5. What is the pattern of difficulty distribution among the items in each scale of the NCDI-III, and in each thematic Vocabulary word group?

CDIs have been used for many purposes. While we do not rule out diagnostic use of the tool once norms are in place and the tool has been tried out also on clinical groups, our focus is in the current paper is descriptive. Based on previous research, we expect higher scores with age on the lexical, grammatical and metalinguistic subscales (question 1) and higher scores among girls than boys (question 2). Furthermore, we expect the strongest correlations between the two grammatical scales, and between these and the vocabulary scale (question 3). Concerning the items within each scale, we expect internal consistency within all scales, with the possible exception of the metalinguistic scale (question 4). None of the previous studies describe the dispersion of item difficulty within the CDI-III scales (question 5).




2. Methods and materials


2.1. Data

The data used in this paper were collected by student assistants. The participants were recruited via the students’ own networks and by contacting ECEC teacher students and ECEC centers, and to a certain degree the recruitment was cumulative, with participants recruiting their own acquaintances (Flygstad and Milder, 2017). The NCDI-III and background forms were administered online, and parents were asked to fill them out digitally at their leisure. Inclusion criteria were that children were to be ‘monolingual’ (i.e., no household members with other first language than Norwegian), and that parents or ECEC staff reported no concerns regarding the child’s language development. All participating children attended kindergarten. All the parents received written information about the project and signed consent forms. Methods for data collection and data processing were developed in line with guidelines from and evaluated by the Data Protection Services at Sikt – Norwegian Agency for Shared Services in Education and Research (formerly NSD – Norwegian Centre for Research Data).

In this paper, we analyze parent-reported NCDI-III data from three age groups: 2;6, 3, and 4 years (see Table 2 for information on number of children, age ranges and gender distributions). Two children were excluded from the data set: One because they did not belong to the age group from which the relevant data set was collected, the other because there seemed to be something wrong with the way the form was completed. The data from the 3-year-olds are also discussed in Garmann et al. (2019), and subsets of the collected data have been used in the student assistants’ MA theses.



TABLE 2 Age and gender distribution in the dataset.
[image: Table2]

The background form showed that 34 of the 100 children had no siblings or younger siblings only, while 66 had older siblings or a twin. As for parental education level, there was a skewness toward several years of higher education. Of the 100 participating parents, only 2 reported primary school as their highest education, 14 had upper secondary education, while 3 had higher education of less than 3 years and 28 had 3 years of higher education. More than half the sample, 53 of the 100 parents, had more than 3 years of higher education. In comparison, as many as 52–55% of the general population between 20 and 49 years have no higher education, according to numbers from Statistics Norway (2022). Among those who do, about 2/3 have studied for 4 years or less [calculated from numbers provided by Statistics Norway (2022); Table 1].

Because parents with lower education levels were so few in our dataset, parental education was collapsed into two levels in the analyses, distinguishing only between parents who had completed at least 3 years of higher education (81 parents) and parents with lower levels of education (19 parents).



2.2. Analyses

Score distributions in the NCDI-III sections were calculated for each age group. In addition, regression models were used to investigate to what degree the variation in NCDI-III scores is predicted by age along with other demographic factors (gender, sibling status and parental education). There were minimum and/or maximum scores in most of the scales, and we see these as probable results of the scales’ boundedness rather than real limits of the constructs measured: values outside the scope of the measure will appear as instances of the minimum value (left-censoring) or the maximum value (right-censoring). In our statistical analyses, we therefore used Tobit regression models (Tobin, 1958), as this method is suitable to estimate the relationship between variables when the dependent variable is censored.

Tobit regression models were used to investigate possible associations between demographic factors and children’s NCDI-III scores for Vocabulary, Sentence complexity, Grammatical constructions and Metalinguistic awareness. Apart from age, the demographic factors that were investigated were gender, parental education level and sibling status. To check for possible interactions between age and gender, preliminary models were fitted with such interactions as a fifth predictor variable. No significant interaction was found for any of the scales, and we thus report models fitted without interaction. Age measured in days is the basis for the age variable and has been divided by 30.4 to calculate age in months. The parental education item in the questionnaire had five levels, but as the four lower levels were merged into one category, the parental education variable in the regression models is binary, and only distinguishes between parents with more than 3 years of higher education and parents with any lower levels of education.

Intercorrelations among the NCDI-III scales and sections were calculated using Pearson’s product–moment correlation and Spearman’s rank correlation rho, controlling that there were no large differences. In this paper we report Pearson’s correlation coefficients; a comparison with other correlation coefficients can be found in Supplementary Appendix.

Cronbach’s alpha is a common way to investigate a scale’s internal consistency and thereby its reliability. Internal consistency was calculated in terms of Cronbach’s alpha for all scales (Vocabulary, Sentence complexity, Grammatical constructions, and Metalinguistic awareness). As Cronbach’s alpha is known to be strongly affected by the length of the scales (cf. Streiner, 2003), we also used corrected item-scale-correlation (see DeVellis, 2017) as an additional measure of internal consistency, to further investigate the internal consistency of the scales by a measure that is independent of the number of items in each scale.

The item difficulty distribution of each scale was analyzed, and for the Vocabulary section, we also examined the item difficulty profile of each of the four thematic word groups. We calculated difficulty values for each item; first globally, based on the whole sample of participants, and then for each age group separately. The item difficulty profiles of the four thematic word groups were based on the item difficulty values from the full sample.

For the dichotomous items in NCDI-III’s Vocabulary and Metalinguistic awareness scales, item difficulty is reported in terms of proportion values (0.00–1.00), i.e., the proportion of participants indicating that their child had said the word or exhibited the characteristic asked about by the item in question. For non-dichotomous items such as those in the Sentence complexity, Grammatical constructions and Pronunciation sections, item difficulty is reported in terms of average response values. Mark that this makes the difficulty measure ‘inverse’, in the sense that a low proportion value or a low average response value indicate that an item is considered more difficult, as few children received high scores on those items. Correspondingly, items with high mean scores or proportion values are considered easy.

Statistical analyses were carried out in R version 4.1.0 (R Core Team, 2021) using RStudio version 1.4.1717 (RStudio Team, 2021). Tobit regressions were modeled using the AER package version 1.2–10 (Kleiber and Zeileis, 2008). Cronbach’s alpha and item-rest correlations in the NCDI-III scales were calculated using the psych package (Revelle, 2021). Density plot and violin plots of item difficulty distributions were made with ggplot2 (Wickham, 2016). Data editing and other analyses were performed with dplyr version 1.0.7 (Wickham et al., 2021) and the base package.




3. Results

The results are reported in the order of the research questions they address. Growth with age is first reported as seen in isolation and by age group, before age measured in days is presented as part of regression models along with gender, sibling status and parental education level. Correlations between sections are then analyzed, before the internal consistency of each scale is reported both in terms of Cronbach’s alpha and in terms of corrected item-scale correlations. Finally, the item difficulty profile of each scale is described – first as calculated for the total sample (including calculations for each thematic word group in the Vocabulary scale), and then as calculated for each age group separately – followed by the relationship between item difficulty distribution and item-scale correlation.


3.1. Growth with age

All 4-year-olds, and a majority of the other children, reached a maximum score in the single-item General level of communication section. None of the children had minimum or maximum scores in the Vocabulary section, but in all other sections, there were one or more children with maximum scores. For Sentence complexity and Metalinguistic awareness, there were some children with zero-scores and some with maximum scores. All sections except Pronunciation show growth with age.

As Table 3 shows, there is growth with age in every section except for the Pronunciation section, where growth with age was only evident in one of the two items. This item asks whether or not strangers find it difficult to understand the child’s speech, and has a score range from 0 (‘yes, always’) to 3 (‘no, never’). Among the 2;6-year-olds, 5 children (13.9%) were reportedly always difficult to understand for strangers. The number was reduced to one child among the 3-year-olds and one among the 4-year-olds. Twenty six of the 2;6-year-olds (72.2%) were reported to be difficult to understand sometimes. This was the case for 17 (60.7%) of the 3-year-olds, and for 13 (36.1%) of the 4-year-olds. Only 5 of the 2;6-year-olds (13.9%) were never difficult to understand for strangers, while this was the case for 10 (35.5%) of the 3-year-olds, and a total of 22 of the 4-year-olds (61.1%). The answers to the second Pronunciation question, asking parents to compare their child’s speech to that of other children of the same age, did not show any growth with age; rather, parents of 2;6-year-olds were the most likely to judge their child’s speech as resembling that of ‘slightly older children’.



TABLE 3 Median scores and score ranges of NCDI-III for each age group and across age groups.
[image: Table3]



3.2. NCDI-III results and demographic factors

For Vocabulary, both age and gender were significant predictors in the final regression model [W(4) = 88.25, p < 0.001], while neither parental education nor the existence of older siblings had a significant effect on vocabulary results (see Table 4). As shown in Figure 1, vocabulary scores overall increased with age (1.58 words per month), and girls scored higher than boys (with a gender effect of 8.27 words).



TABLE 4 Regression model for overall Vocabulary score.
[image: Table4]

[image: Figure 1]

FIGURE 1
 Scatterplot of vocabulary score by age and gender, with a fitted line for age (averaged between genders) based on the regression model in Table 4.


Table 5 shows the final Tobit regression model for Sentence complexity, where only age was a significant predictor [W(4) = 36.96, p < 0.001]. We observed a positive relationship between age and sentence complexity scores, with a sentence complexity increase of 0.65 per month, consistent with the pattern observed for vocabulary.



TABLE 5 Regression model for Sentence complexity.
[image: Table5]

In the regression model for Grammatical constructions [W(4) = 22.44, p < 0.001], age was once more the only significant predictor (see Table 6). The score for grammatical constructions increased by 0.35 per month. That is, on average, every third month a new item is checked.



TABLE 6 Regression model for Grammatical constructions.
[image: Table6]

Table 7 presents the final regression model for Metalinguistic awareness [W(4) = 80.56, p < 0.001], parental education, age, sibling status and gender were all significant predictors. Age had a positive effect in the model, increasing the metalinguistic awareness score by 0.15 per month. So did parents’ education, with children of parents who had completed at least 3 years of higher education scoring 1.18 higher than children whose parents had not. Sibling status had a negative effect of 0.98, meaning that children without older siblings scored higher, and gender had a positive effect of 0.71, meaning that being a girl was associated with higher scores. (The scale range is 0–7, and there were 9 left-censored and 3 right-censored observations).



TABLE 7 Regression model for Metalinguistic awareness.
[image: Table7]

For the NCDI-III sections Pronunciation and General level of communication, no regression model was fitted, as the former consists of only two questions and the latter has only one major ceiling effect. One of the two questions in the Pronunciation section furthermore differs from the rest of the tool by relating to development relative to the child’s age. Here, parents are asked to judge whether the child’s speech sounds most like that of younger children, children of the same age, or older children.



3.3. Correlation between scales

All sections correlated significantly with each other (p = 0.006 for the correlation between Pronunciation and Metalinguistic awareness, p < 0.001 for all others). As shown in Table 8 below, the strongest correlations were the ones between the Vocabulary section and the Sentence complexity (r = 0.70), and Vocabulary and Grammatical constructions (r = 0.67), as well as the two grammar scales’ correlation with each other (r = 0.66). The weakest correlations were found to be those of Pronunciation with Vocabulary (r = 0.36) and Metalinguistic awareness (r = 0.27) respectively.



TABLE 8 Correlations between the scales of the NCDI-III.
[image: Table8]



3.4. Internal consistency

As shown in Table 9, all scales had alpha scores above 0.65. The Metalinguistic awareness scale had a lower alpha score than the other scales; only 0.66 [though still ‘adequate’, in terms of Eriksson, 2017]. The two grammar scales both had high alpha levels: 0.92 and 0.89. The Vocabulary section had the highest alpha, at 0.97.



TABLE 9 Internal consistency of NCDI-III scales as measured by corrected item-scale correlations and Cronbach’s α.
[image: Table9]

Using corrected item-scale-correlations as a measure of internal consistency, the Sentence complexity and Grammatical constructions scales were still found to be highly consistent, but the Vocabulary section came out as far less consistent than suggested by the alpha score alone. Table 9 shows the distributions of corrected item-scale correlation coefficients for the items in each scale as well as each scale’s Cronbach’s alpha value.



3.5. Difficulty of items

All of the 100 words in the vocabulary section were checked at least once by one of the parents, but none of the words were checked by all parents. Median item difficulty was 0.66, range: 0.04–0.99. (Note that the item difficulty measure is ‘inverse’, meaning that higher values indicate ‘easier’ items and vice versa.) The variance in answers was, however, not symmetrically distributed, as shown in Figure 2.

[image: Figure 2]

FIGURE 2
 Density plot of the levels of item difficulty (proportion values) in the NCDI-III Vocabulary section (easier items have higher proportion values), with dots marking each observation. Bin width: 0.1.


Only 50 of the words had a difficulty in the range between 0.21 and 0.80, meaning that the other half of the words had difficulty levels closer to the ends of the range. Thirty of the 100 words were reported to be said by either 0–10% of the children or 91–100%. Most of these words were found in the easy end of the spectrum, with as many as 23 words reported to be said by 91% or more. Overall, the items of the Vocabulary section of the NCDI-III ranged from very easy to very difficult, but with fewer words near the middle range and more words near the poles.

As Figure 3 shows, the four thematic groups of words showed differing difficulty profiles in the NCDI-III results. In general, the body words and the food words tended to be easier than the words related to thoughts and feelings, with many of the body words concentrated near the easiest limit of the range. The emotion words and the mental words both had a more balanced distribution between easy and difficult words, but while the mental words showed an almost seamless gradient covering the whole difficulty span, the emotion words were divided into one set of easier and one set of more difficult words, with only one single word in the center of the scale. Thus, apart from the mental words, we found a split in all word groups, with easy and hard words, and few or none in between.

[image: Figure 3]

FIGURE 3
 Violin plot of difficulty (proportion values) for each word in NCDI-III, by thematic word group (easier items have higher values). Bin width: 0.1.


Among the items in the two grammar scales, there was less variance when it comes to levels of difficulty. The overall easiest item of the Sentence complexity scale (item response range: 0–4) had a mean response value of 3.14, and the other 9 items had mean values ranging from 1.56 to 2.29. The median item difficulty of the Sentence complexity scale was a mean response value of 1.89. In the Grammatical constructions section, the items (response range: 0–3) mainly covered the area from moderate to easy, with the most difficult item having a mean score of 1.34 and the easiest a mean score of 2.39 (median: 2.02).

The Metalinguistic awareness section’s dichotomous items, on the other hand, seemed to have more dispersed difficulty levels, especially among the older children. One item was exceptionally difficult (0.04) and the rest had proportion values ranging from 0.29 to 0.69 (median: 0.5). The most difficult item – asking whether the child can write some words on their own – was only checked for four children; all of them were 4-year-olds. As was to be expected, the distribution of item difficulty varied between the age groups. Among the 2;6-year-olds, the median Vocabulary item difficulty was 0.46 (range: 0–1), among the 3-year-olds it was 0.71 (range: 0–1) and among the 4-year-olds it was 0.86 (range: 0.08–1). The bimodal distribution with relatively few words in the middle of the scale observable in Figure 2 were apparent in all three age groups. For the 2;6-year-olds, there was a skewness toward words being difficult, whereas the opposite was true for the 3-and 4-year-olds.

In each age group, there were words that were reported to be said by every child, and among the 2;6-year-olds and among the 3-year-olds, there were also some words not marked as said by any child in the age group. Among the 2;6-year-olds (N = 36), 28 words were checked by 10% or less. On the other hand, 11 words were checked by more than 90%. Among the 3-year-olds (N = 28), 15 words were produced by 10% or less, and 26 words were reported to be produced by more than 90%. Among the 4-year-olds (N = 36), as many as 43 words were checked by more than 90%. In this age group, only 2 words were checked by 10% or less.

Among the items in the two grammar scales, the item difficulty variance was larger among the youngest children than the older ones. In the Sentence complexity scale, the gap between the easiest item and the rest seemed to shrink with age: Among the 2;6-year-olds, the easiest item had a mean response value of 2.86, while the other items’ values ranged between 0.83 and 1.83. Among the 3-year-olds, this item’s mean response value was 3.29, with the others ranging from 1.43 to 2.29, and among the 4-year-olds, the other items (2.03–2.92) had more or less caught up with it (3.31). The median item difficulty of the Sentence complexity scale increased from 1.21 among the 2;6-year-olds to 1.93 among the 3-year-olds and 2.54 among the 4-year-olds. In the Grammatical constructions section, the median grew from 1.5 among the 2;6-year-olds (range: 0.89–2.11) to 2.21 among the 3-year-olds (range: 1.68–2.50), and 2.38 among the 4-year-olds (range: 1.47–2.58).

The median proportion value of the Metalinguistic awareness scale grew from 0.31 among the 2;6-year-olds (range: 0–0.47) to 0.46 among the 3-year-olds (range: 0–0.79) and 0.72 among the 4-year-olds (range: 0.11–0.94). One of the items, however, asking whether the child divides words into syllables (e.g., ba-de, sko-le, le-ke), did not get higher proportion values with age.



3.6. The relationship between item difficulty and item-total correlation

For the Vocabulary section, we found that more words were located at the easy and difficult ends of the scale than near the center, even though the four thematic word groups had differing difficulty profiles. The relationship between item difficulty and corrected item-scale correlation for all the Vocabulary items is shown in Figure 4. There is an abundance of very easy items at the right-hand side of the figure. Those are words that were checked by nearly all participants, and consequentially, they tend to have very low corrected item-scale correlation coefficients.

[image: Figure 4]

FIGURE 4
 Scatterplot of corrected item-scale correlation coefficients for each word in NCDI-III presented by difficulty (easier items to the right, as they have a higher proportion value).





4. Discussion

This paper set out to examine psychometric and linguistic properties of the NCDI-III through statistical analyses of data from 100 children. In line with our expectations, we found higher scores with age, an expected gender effect within some scales, strong correlations between the two grammatical scales, and between these and the vocabulary scale. Furthermore, in line with previous research, there was a high internal consistency as measured with Cronbach’s alpha. Regarding dispersion of item difficulty within the vocabulary checklist, we uncovered a bimodal distribution with few words in the mid-difficulty range; globally, within all three age groups and within three of the four thematic word groups. Below, we will discuss our findings in light of previous research, before we elaborate on the bipolar dispersion of difficulty and possible consequences thereof.


4.1. Demographics, correlations and consistency

In the General level of communication section, all the 4-year-olds, and a majority of the other children, were reported to often talk in long sentences, and all the children had a score of 3 or more. This was to be expected, given that no child was included in the study if there was concern about their language development. These results align well with those of (Eriksson, 2017), who reports that 81% of the 1,134 children in the Swedish study “were reported to talk in long and complicated sentences” (p. 650), but contrast with findings from Estonian: Only half of Tulviste and Schults’ (2020) 3-year-olds reached max score, compared to 25 of the 28 Norwegian 3-year-olds. This difference is striking, even when we take into account that 20 of the Estonian participants were “described by their parents as experiencing difficulties with language development” (p. 69). There may be several possible explanations for the difference. There could be real differences between languages or between populations. Another possible cause is the slightly differing wording of the most advanced alternative, with ‘long sentences’ in the NCDI-III versus ‘complex sentences’ in the Estonian counterpart. It is possible that parents’ threshold for describing their children’s sentences as ‘complex’ may be higher than the threshold for describing them as ‘long.’

There was growth with age in both of the NCDI-III grammar scales, but the Grammatical constructions scale had a considerable ceiling effect both among the 3-year-olds and 4-year-olds. This is in line with Tulviste and Schults’ (2020) findings from Estonian three-year-olds where there was a ceiling effect in the grammatical constructions scale. The SCDI-III grammar scores were merged as a means to resolve issues with ceiling effects (Eriksson, 2017, p. 648). This approach seems reasonable also for Norwegian, but it presupposes weighting two differently scored grammar scales against each other. Whereas the two grammar scales in the Swedish CDI-III have the same answer structure and almost the same maximum scores (20 and 16), the two grammar scales in the Norwegian version differ in answer structures. Consequently, there is a gap in maximum scores, so that the NCDI-III Sentence complexity scale’s maximum is 40 while the Grammatical constructions scale has a maximum score of only 24. Analyses from an ongoing project on the relationship between vocabulary and grammar in 1–4-year-olds indicate that transforming and merging the two grammar scales resolves ceiling issues also for Norwegian (Holm and Hansen, in progress).

The two items in the NCDI-III Pronunciation section also have different measurement scales: The first item’s scale is absolute, asking whether strangers find the child’s speech difficult to understand. As expected, we found growth of age in the answers to this question. The second question factors in age, and thus no growth with age was expected: Parents are asked to compare the child’s speech to the speech of other children of the same age. Interestingly, 49 per cent of both Norwegian and Swedish parents report their child to sound like slightly older children, while only 10 per cent in both groups report their child to sound a little younger. Eriksson (2017, p. 652) points out that parental overestimation of their child’s pronunciation may represent a familiarity effect: The parents are used to their own child’s way of speaking, and thus find them easier to understand than other children of the same age.

In line with the Estonian and Swedish results, the Norwegian girls outperformed the boys on Vocabulary and Metalinguistic awareness. We did however not find any effects of gender on grammar, in contrast to Eriksson (2017). A recent review on gender effects in early language acquisition suggests that gender differences may differ across ages and language domains (Rinaldi et al., 2021); to determine whether gender effects differ between lexical and grammatical knowledge in Norwegian-speaking children, a larger sample might be needed. Like Eriksson (2017) found for the SCDI-III, both birth order and parental education level predicted Metalinguistic awareness, with firstborns outperforming laterborns and children with higher-educated parents scoring higher than children with lower-educated parents. Metalinguistic awareness thus seems to be sensitive to all demographic variables studied here. Given the skewness toward higher education in the dataset, we cannot conclude that parental education level does not have any influence on the other scales – only that these scales do not appear to distinguish between children of parents with more and less than 3 years of higher education.

Assuming that language skills consist of several different types of abilities where some are more closely interrelated than others, we should expect some parts of the NCDI-III to be more strongly intercorrelated than others. In line with Eriksson (2017) and Tulviste and Schults (2020) as well as a vast literature on younger children, we expected a stronger correlation between vocabulary and grammar. Our findings met our expectations: No correlations were stronger than those between Vocabulary and the two grammar scales, and there were only weak correlations between Pronunciation and Vocabulary, as well as between Pronunciation and Metalinguistic awareness.

All NCDI-III scales had Cronbach’s alpha values within Eriksson’s (2017) suggested adequacy threshold of >0.65, although Metalinguistic awareness only barely so. As the alpha is affected by length, the very high Vocabulary score (0.97) could be at least partially attributed to the fact that it is very long (100 items). While a high alpha score is often considered ‘excellent’ and not discussed further, Streiner (2003) points out that a very high alpha could be a sign of redundancy. A different picture appeared when investigating internal consistency through item-scale correlations: In terms of corrected item-scale correlations, there is lower internal consistency within Vocabulary than within Grammatical constructions and Sentence complexity, even if Vocabulary had by far the highest alpha.

The Metalinguistic awareness section showed a relatively low degree of internal consistency, both in terms of Cronbach’s alpha and in terms of corrected item-total correlations. Eriksson (2017) points out that his results suggest that the Metalinguistic awareness scale “taps into a slightly different set of knowledge” than the vocabulary and grammar scales (p.652). This holds also for our Norwegian results, as the scale shows a limited correlation with other sections and is the only scale predicted by all demographic variables in our model. Furthermore, the lower internal consistency suggests that the Metalinguistic awareness section is better treated as an assembly of useful questions than as a scale. Each question may still give valuable information about a child’s metalinguistic and pre-literacy development.



4.2. Difficulty dispersion

The difference noted for Vocabulary between the two consistency measures is connected to its difficulty distribution. As the Vocabulary list is fixed while children’s vocabularies grow with age, the word list needs to include both words that are easy enough to distinguish between the youngest children and words that are sufficiently difficult to distinguish between the 4-year-olds. There is thus an inevitable tradeoff between each item’s overall discriminatory power and the total scale’s ability to capture variance across the whole age span. Very easy and very difficult items will necessarily have a low response variance and thereby a low overall discriminatory effect and weak item-total correlation. As pointed out by deVellis (2017, p. 143), “an item that does not vary cannot covary.” Hence, some redundancy in the scale was expected, especially among the youngest and oldest children. More surprising was the overall bimodal difficulty distribution, with few intermediately difficult words both within and across age groups, and a large number of items near the poles of the difficulty continuum. Particularly in the ‘easy’ end of the range, there were many words with a very weak item-scale correlation.

The high Cronbach’s alpha combined with the low consistency in terms of item-scale correlations suggest that the Vocabulary scale may be unnecessarily long, and that excessive words could be removed from the easy end of the scale without damaging the instrument’s ability to distinguish between children. Alternatively, one could remove some of the easiest and maybe also some of the hardest words and replace them with words in the medium difficulty range. However, as the sample of participants in this study was skewed toward higher levels of education, and as children whose caregivers were concerned about their linguistic development were excluded from the sample, these tendencies might not be as strong in a more representative sample. A recent response to the issue of redundancy in CDI word lists is the development of adaptive versions based on existing CDI data. Here, parents respond to a dynamic word list that adjusts to their responses, meaning that the researcher achieves the wanted information about each child through far fewer questions (e.g., Mayor and Mani, 2019; Kachergis et al., 2022; Mieszkowska et al., 2022). Such adaptive versions are built on data on large numbers of words from a substantial pool of children. Static forms such as NCDI-III, despite their higher level of redundancy, still offer the advantage of being less resource-intensive in development and standardization, and may be administered without access to digital technology.

The most frequent words in a given language are the ones that tend to be acquired earlier. These constitute a much smaller set of words than the vast amount of less frequent words. As the NCDI-III Vocabulary scale is meant to be a proxy measure for a continuous underlying construct – children’s vocabulary size – this poses a challenge: Each of the more ‘sophisticated’ words would generally be sampled from larger and more diverse possible vocabularies than the easy ones, making the use or lack of use of any specific difficult word less representative of a child’s total vocabulary. The NCDI-III follows Eriksson’s (2017) response to this issue, sampling words from a smaller set of topics based on developmental literature. Our finding that the NCDI-III’s body words and food words generally tended to be easier than the words related to thoughts and feelings agrees well with his assumptions. Further, when it comes to body words, most of the NCDI-III words for internal body parts were found among the difficult words.



4.3. Limitations

Ideally, a validation or norming sample should resemble the population for which the instrument is meant to be used, and recruitment methods and criteria for inclusion of participants in validation and norming studies thus have consequences for the appropriateness of a tool (see, e.g., Friberg, 2010) In the current study, there is an unusually large overrepresentation of children from families with high education levels. Furthermore, children about whom language concerns had been expressed were left out of the study entirely. These biases may influence our results: The fact that parental education did not appear as a significant predictor of children’s results in most of the NCDI-III scales should not be taken as evidence that parental education cannot predict NCDI-III scores in the general population. To see how well the NCDI-III captures the full breadth of variation found in the Norwegian child population from 2;6 to 4 years, will require further research with a wider selection of participants. Our conclusions regarding the distribution of item difficulty must also be made with the caveat that levels of difficulty calculated from a more representative sample of participants may differ somewhat from what we present in this study.

In the current study, Cronbach’s alpha is used as a measure of the internal consistency –and thereby reliability – of the NCDI-III scales. However, Cronbach’s alpha alone does not give us the dimensionality of a scale. It is perfectly possible for a scale measuring two or more underlying constructs to obtain a high alpha, especially if the scale has many items (Streiner, 2003). In order to establish the dimensionality of the NCDI-III scales, a larger study with more participants will be required. However, as Norwegian and Swedish are very closely related languages, and as the Norwegian Vocabulary scale is closely modeled on the Swedish one, there is reason to believe that its dimensionality is close to what Eriksson (2017) found for the Swedish adaptation.

The CDI III has so far focused on monolingual children in Western, industrialized, rich and democratic countries. Data from other populations are necessary to assess if generalizations about children’s language acquisition using parental reports with children between 2;6 and 4 are valid also outside of the WEIRD context (Henrich et al., 2010).



4.4. Summary

In this paper, we have evaluated the NCDI-III based on a sample of monolingual children between 2;6 and 4 years of age, finding psychometric properties quite similar to what Eriksson (2017) and Tulviste and Schults (2020) have reported for Swedish and Estonian respectively: There is growth with age, and girls outperform boys in the Vocabulary and Metalinguistic awareness results. There was adequate internal consistency within all scales in terms of Cronbach’s alpha, although less so for Metalinguistic awareness. Ceiling effects in the grammar scales could possibly be amended by merging the two scales, but one would have to decide on how to weigh the items from each grammatical scale against the other.

Based on findings from our analyses of item difficulty distribution and internal consistency, we suggest that subsequent CDI-III adaptations may benefit from paying attention to the difficulty profiles of the scales, preferably avoiding items too close to the poles of the difficulty range.
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