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Abstract 1 

Purpose: Assessing early language skills through parental report is a cost-effective way to 2 

screen for language delays when resources are scarce. A pan-Arabic lexeme approach was 3 

tested by extending the Egyptian adaptation (Abdelwahab et al., 2021) of the MacArthur-4 

Bates Communicative Development Inventory (CDI; Fenson et al., 1994) to Jordan and 5 

Palestine, in infants aged 8 to 30 months (Arabic CDI Toddler). We also developed a version 6 

for children aged 30 to 48 months (Arabic CDI Child) in the three countries. A fair 7 

representation of the population in terms of geographical spread, maternal education and 8 

environmental context was obtained through stratified sampling. 9 

Methods: The Arabic CDI Toddler, containing a 100-word list with dialect variations from the 10 

three countries, was completed online or face-to-face by 427 Egyptian (including 259 from 11 

Abdelwahab et al., 2021), 455 Jordanian and 440 Palestinian mothers. The Arabic CDI Child, 12 

comprising a 100-word list, 23 simple/complex pairs of sentences and 11 language use 13 

questions, was completed by 836 Egyptian parents, 318 Jordanians and 304 Palestinians. 14 

Non-Governmental Organizations (NGOs) facilitated contact with harder-to-reach families 15 

due to illiteracy or limited internet access. 16 

Results: Child gender and maternal education effects were found for the Arabic CDI Toddler 17 

in Jordan and Palestine, while maternal education effects were generally found across the 18 

three countries and all sections of the Arabic CDI Child. For the Arabic CDI Toddler, norms 19 

were computed for Jordan and Palestine, separately from Egypt. For the Arabic CDI Child, 20 

separate norms were provided for each country.  21 

Conclusion: The production of a unique set of norms was contained to two countries for 8-22 

30-month-old children, highlighting the limits of a pan-Arabic lexeme approach to the 23 

development of parental reports. The Arabic CDI Toddler and CDI Child have the potential to 24 
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be useful to parents, Early Years professionals and researchers who need to assess 1 

children’s Arabic knowledge for detecting those at risk of poor language outcomes and in 2 

need of intervention.   3 

 4 
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 1 

Adaptation and Standardization of two Arabic Communicative Development Inventories 2 

for Children Aged 8 to 30 Months and 30 to 48 Months in Egypt, Jordan and Palestine 3 

Children’s language development is the foundational skill that fosters learning, 4 

emotional and behavioral regulation (Petersen & LeBeau, 2021), social integration (Davis & 5 

Qi, 2020), and future academic achievements (Bleses et al., 2016), especially in relation to 6 

readiness for reading and writing (Bruce & Spratt, 2011). Children learn language at differing 7 

rates. However, a significant minority (~ 9%) persistently lag behind their peers, with 8 

significant consequences for their long-term outcomes especially if they do not receive 9 

additional support. Early identification of such difficulties enables the provision of early 10 

preventative interventions, which bring the greatest gains for the child (e. g. Law et al., 11 

2017). However, the necessary tools to identify children with language difficulties in the 12 

early years are not universally available in all languages spoken around the world. This study 13 

aimed to fill a key gap through the development of easy to use, accessible language 14 

assessment tools for infants and toddlers aged 8-30 months, and for children aged 30 to 48 15 

months learning Arabic. These tools are presented in the shape of an online app that 16 

parents and/or Early Years professionals can sign up to fill in. It is hoped that they will 17 

enable the identification of individual children at risk of poor language outcomes and in 18 

need of intervention, and also inform the development and delivery of early education and 19 

health services and policy. That is, the assessment of child language across a population 20 

could inform the fair distribution of resources to support language development and 21 

equitable outcomes (McKean & Reilly, 2023). 22 

Arabic is spoken by more than 260 million people in the world, making it the 5th most 23 

spoken language (Kaye, 2018). The Arabic language encompasses a wide range of dialects 24 
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spoken within countries or within areas of the same country with at least 30 to 35 different 1 

Arabic dialects recognized around the world (Versteegh, 2014). Arabic dialects significantly 2 

vary from one another, to the point that they may be mutually incomprehensible, 3 

particularly when comparing Western (or Maghrib) and Eastern (or Mashriq) dialects. The 4 

study of Arabic dialects has been historically challenging due to the lack of official 5 

orthographies and an initial focus on the study of Modern Standard Arabic, the variety that 6 

is used in educational settings and media. This has hindered work on both the adult varieties 7 

that children are exposed to as well as tools to assess children's language, which need to be 8 

based on their home dialect given that this is their primary source of linguistic exposure in 9 

the pre-school years.  10 

Given the number of Arabic dialects and the level of resources required to develop 11 

new assessment tools, this study aimed to determine whether a pan-Arabic lexeme 12 

approach to language testing might be possible. This was done by adapting the same tools 13 

to the dialect of three Arabic-speaking countries (Egypt, Jordan and Palestine), and 14 

examining whether the data from the three countries could be collated to produce a single 15 

set of norms based around shared lexemes. This would establish a proof of concept that a 16 

similar approach may be used for other dialects of Arabic: despite local lexical variations, 17 

the trajectory of vocabulary development for a unique set of lexemes might be broadly 18 

similar across these countries. This idea was already outlined in the development of the 19 

Egyptian Short Form of the Arabic Communicative Development Inventory or CDI 20 

(Abdelwahab et al., 2021; Fenson et al., 1994, 2007), a parental questionnaire about 21 

children’s vocabulary knowledge. In the 2021 paper, the data of 436 children aged 8-30 22 

months were collected to produce norms of vocabulary development in Egyptian Arabic. In 23 

addition, data were collected regarding lexeme knowledge from 16 other Arabic countries 24 
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(between 8 and 22 children per country, including Jordan and Palestine). It was tentatively 1 

concluded that the Egyptian norms could in principle be used for children from the other 2 

countries. However, this was based on a very small amount of data from the 16 non-3 

Egyptian countries; in addition, the sampling of the Egyptian data was nearly entirely based 4 

on highly educated parents, from one single area of Egypt (urban Lower Egypt). Fenson et al. 5 

(2007) argue that CDIs that rely on small, non-representative samples may overestimate or 6 

underestimate the language abilities of children. They suggest that research should use 7 

larger, more diverse norming samples to improve the accuracy and reliability of CDIs, and to 8 

better understand the developmental variability in early language development. 9 

Additionally, Kidd and Garcia (2022) and Figueroa (2024) argue for the necessity to broaden 10 

the range of languages represented in the field of language development, where Indo-11 

European languages and a handful of non-Indo-European languages (not including Arabic) 12 

are largely overrepresented. Finally, if such tools are to be used for valid clinical and policy 13 

decision-making then the removal of such sampling biases is essential. Therefore, our aim 14 

was to collect data representing the population diversity in proportions compatible with 15 

census data, in terms of levels of maternal education, geographical location, and 16 

environmental context, that is, urban versus rural, to reflect the discrepancies in resource 17 

availability to families.  18 

Arabic dialects of Egypt, Jordan, and Palestine  19 

The origin of the Arabic language in Egypt is linked to the arrival of Bedouin tribes 20 

from the Arabian Peninsula at the beginning of the Islamic conquest, impacting Lower Egypt 21 

first and then gradually spreading through Upper Egypt (Versteegh, 2014), but modern-day 22 

Lower Egypt varieties (including Cairo and the Delta) are mainly urban. Modern Cairene has 23 

influence across the country and beyond due to its prestige and spread through mass 24 



8 
 

media. Phonological features that distinguish Egyptian Arabic dialects from other dialects 1 

groups include the realization of (dʒ) as [ɡ] (e.g. /d͡ʒabal/ mountain as [ɡabal]) in much of 2 

Cairene and the Central Delta, the shortening of long vowels in unstressed positions (e.g. 3 

[joːm] day vs [joˈmen] two days), the -sh suffix for negation ([maʕɾaf-ʃ] I don’t know), and 4 

breaking the second consonant of CCC clusters from the third (e.g. /jiktbu/ → [jiktibu] they 5 

write). Other Egyptian dialect features include lexical items (e.g. [jiddi] he gives; [ɡallaːbijja] 6 

garment; [dilwaʔt] right now; and [kida] this way), and the placement of demonstratives 7 

and interrogatives in post-position, e.g. [il-walad da] boy this (this boy); [katab ʔeː] wrote-3rd 8 

pers. sing. what (What did he write?) (Bishai, 1964; Versteegh, 2014).  9 

The origin of the Arabic Language in the Syro-Lebanese region, which includes Jordan 10 

and Palestine, pre-dates the Islamic conquest due to the presence of Arabic-speaking tribes 11 

in the region. The new Arabic varieties brought by the Arab conquerors (Versteegh, 2014) 12 

were more urban by nature, but modern-day Jordanian and Palestinian are still more 13 

influenced by Bedouin than urban varieties compared with Lebanese and South Syrian. This 14 

is reflected in all aspects of the grammar including the phonology, where most Jordanian 15 

and Palestinian varieties have the Bedouin [ɡ] for (q), though with urban [ʔ] is gaining 16 

ground. In contrast with Egyptian, Jordanian and Palestinian break the first consonant from 17 

the second (/jiktbu/ → [jikitbu] they write) and use the prefix ba- for the imperfect bi/bji as 18 

in [ba-ktub] I write (Cotter & de Jong, 2019; Owens, 2013).  19 

Existing language tests in Egypt, Jordan and Palestine  20 

The availability of culturally adapted norms for early language assessment varies 21 

across countries, with Egyptian practitioners having access to a broader range of assessment 22 

tools than Jordan and Palestine (see Table 1). In Jordan, assessment tools tend to be 23 

adapted directly from Western tests and target not only language, but also other domains 24 
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such as cognition and socio-emotional development. In Palestine, there is a general lack of 1 

standardized tests for assessing language development in young children. In this context, a 2 

standardized parental report like the Arabic CDI will possibly be welcomed by a range of 3 

Early Years professionals.  4 

----------------  5 

Table 1 here  6 

--------------------  7 

Furthermore, in the three countries of interest, language skills are not routinely 8 

assessed in early childhood through public healthcare. Language assessments only take 9 

place if children attend specialist assessment such as with a speech pathologist or 10 

pediatrician. The provision of an Arabic adaptation of the free to use and easily accessible 11 

CDI should enable universal access to language assessment. In this way, we aim to support 12 

families without access to private healthcare to evaluate their child's language 13 

development, as well as provide policy-makers and services with means to understand the 14 

level of need in their populations. Ultimately, we anticipate that such knowledge can lead to 15 

increased access to support and intervention for children, enhancing their long-term life 16 

chances and wellbeing (Law et al., 2017).    17 

The multiple forms and uses of the CDI  18 

CDIs are the most popular parental report instruments for assessing children’s early 19 

language acquisition, as they have been adapted in more than 100 languages to reflect the 20 

culture and structure of these languages (https://mb-cdi.stanford.edu/adaptations.html). 21 

Parental reports have proven to be trustworthy sources in relation to the information they 22 

provide about children’s communicative abilities given that parents are close observers of 23 

their children. They are also an affordable method for evaluating a child's language abilities, 24 

https://mb-cdi.stanford.edu/adaptations.html
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particularly in this critical period before the child becomes able to engage in face-to-face 1 

activities with strangers (Kristoffersen et al., 2013). The exact content of published CDIs 2 

varies depending on the age range and the version, but their core feature is a list of familiar 3 

words that parents indicate to be understood and/or produced by their child based on their 4 

own knowledge about their child’s vocabulary. These instruments can be administered in 5 

several ways such as an interview with the parents, on paper, or online (Kristoffersen et al., 6 

2013). There are three forms of the original American English MacArthur Bates CDI: 1) the 7 

CDI-Words and Gestures (Fenson et al., 1994) for children up to 18 months which measures 8 

early gestures, comprehension, and production through a checklist of 63 gestures and 396 9 

words; 2) the CDI-Words and Sentences for children between 16 to 30 months which 10 

assesses expressive vocabulary through a list of 680 words, and includes sections assessing 11 

morphology and syntax (Fenson et al., 1994); 3) the CDI-III (Fenson et al., 2007) designed for 12 

children aged 36 to 48 months which assesses expressive vocabulary through a checklist of 13 

100 words and includes sections about advanced grammar, semantic knowledge and 14 

comprehension. Multiple studies have developed short forms of the CDIs (primarily forms 1 15 

and 2) to save time and resources, and because they have proven to have comparable 16 

statistical properties (e.g., in Galician: Pérez-Pereira & Resches, 2007; American English: 17 

Fenson et al., 2000; British English: Floccia et al., 2018; Finnish: Vehkavuori & Stolt, 2018; 18 

German: Mayor & Mani, 2019; Egyptian Arabic: Abdelwahab et al., 2021).   19 

 In terms of research, CDI data are useful for example for exploring the variation in 20 

early word production (Fenson et al., 1994), the varied relationship between lexical and 21 

grammatical development (Bates & Goodman, 2001), and the variation in the early 22 

composition of vocabulary (Bates et al., 1994). CDIs have also been used for screening and 23 

identifying children for diagnostic evaluations and interventions (e.g. Kim et al., 2016), 24 

https://link.springer.com/article/10.3758/s13428-018-1146-0#ref-CR18
https://www.tandfonline.com/doi/full/10.1080/15475441.2021.1916502
https://www.tandfonline.com/doi/full/10.1080/15475441.2021.1916502
https://www.tandfonline.com/doi/full/10.1080/15475441.2021.1916502
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although a recent review by Eriksson (2022) has argued that there is insufficient evidence to 1 

date that the CDIs are valid screening tools for language difficulties. From their review of 9 2 

studies having used various forms or adaptations of the CDI to identify children with 3 

language difficulties, sample sizes were low, biases frequent, cut-off values often decided 4 

based on the sample, and resulting diagnostic accuracy low. This does not necessarily 5 

invalidate the use of the CDIs in the identification of children at risk but rather urges caution 6 

in their use as “screeners” suggesting such tools can be usefully embedded within more 7 

comprehensive systems of developmental surveillance and support (McKean & Reily 2023; 8 

Reily & McKean 2023). Embedding vocabulary checklists within a staged or triaged approach 9 

to identification for example can enable the benefits of such tools to be exploited whilst 10 

managing their limitations (Wilson et al., 2022). Furthermore, when the choice in a 11 

population is between an imperfect first assessment tool and no tool at all for the majority 12 

of the public, then the CDI becomes a pragmatic solution that cannot be disregarded in the 13 

absence of any reasonable alternative. It is clearly vital that assessment tools are culturally 14 

and linguistically valid and there are risks in adapting a list of vocabulary items rather than 15 

starting with a “blank slate” of bringing cultural and linguistic biases to the vocabulary 16 

chosen. However, there is a pressing need for rapid development of tools across the many 17 

under-represented languages in the world with very limited normative language acquisition 18 

data from which to begin the process of assessment development. This is coupled with 19 

limited resource, especially within Low and Middle-Income Countries where other priorities 20 

for children’s health and development often take precedence.  Adaptation, if conducted with 21 

meaningful and detailed engagement with key stakeholders can be a pragmatic method for 22 

accelerating progress toward the development of valid tools and interventions (Moore et al., 23 

2021; Ohana & Armon-Lotem, 2023). In this study extensive work was conducted to 24 
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maximize the cultural-linguistic validity of the adaptation and we are confident that valid 1 

conclusions can be drawn abut children’s language abilities. Also, we posit that such tools 2 

can be the first steps in gathering the necessary large-scale data to begin the development 3 

of valid characterization of individual differences in specific cultural-linguistic contexts. 4 

In this paper we describe the development of two tools: (1) the Arabic CDI Toddler 5 

(8-30 months-of-age), a short form of the MacArthur CDI Words and Gestures (Fenson et al., 6 

1994), addressing words only, and (2) the Arabic CDI Child (30 – 48 months-of-age) which is 7 

the equivalent of the CDI-III (Fenson et al., 2007). The Arabic CDI Toddler should technically 8 

be called Short Form Arabic CDI Word Only (Abdelwahab et al., 2021) but for concision we 9 

have chosen to call it Arabic CDI Toddler in this manuscript. Both are parental reports of the 10 

child’s language knowledge.   11 

Aims of the study  12 

The first aim of this study was to develop and standardize two accessible language 13 

assessment tools for infants and toddlers aged 8 to 30 months and children aged 30 to 48 14 

months who are learning Arabic, while considering the diversity of Arabic dialects. 15 

Specifically, the Arabic CDI Toddler and the Arabic CDI Child were adapted to the dialects of 16 

Egypt, Jordan and Palestine. We examined whether data collected from each country could 17 

be combined to produce a unique set of norms, which would serve as a proof of concept for 18 

a similar pan-Arabic lexeme approach for other dialects of Arabic. The Arabic CDI Toddler 19 

data in Egypt augmented the data already collected in Abdelwahab et al. (2021) with a more 20 

representative sample, given that the 2021 norms for the Egyptian Arabic CDI Toddler were 21 

based on data from families from advantaged socio-economic circumstances (as measured 22 

by maternal education) located in urban areas of Lower Egypt.   23 
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The second aim was to assess the role of key factors such as gender and socio-1 

economic circumstances as indexed by maternal education and environmental context 2 

(urban versus rural) on early language development. This was done not only to establish 3 

whether the current data align with what is typically found in other CDI standardizations, as 4 

will be discussed below, but also to examine whether these factors have a comparable 5 

effect in Middle-Eastern and Western populations.   6 

Effect of child gender on language development  7 

Several studies using CDIs have indicated an advantage for girls as compared to boys 8 

for various aspects of language development, especially in the early stages of lexical 9 

development (e.g., Bornstein et al., 2004; Fenson et al., 2007; Floccia et al., 2018). Typically, 10 

on average girls produce their first gestures and combine words earlier than boys (Eriksson 11 

et al., 2012; Özçalışkan & Goldin-Meadow, 2010), with data from more than 3000 CDIs on 12 

Wordbank (Frank et al., 2017) showing that American English-learning 2-year-old girls 13 

produce up to 100 words more than boys at the same age.    14 

On the other hand, some studies found only a slight difference between boys and 15 

girls in their vocabulary acquisition (Fenson et al., 1994), particularly between 8 and 30 16 

months where gender accounted for only 1-2% of variance in language ability. Andersson et 17 

al. (2011) reported a small vocabulary size difference between 4-24 month-old Swedish boys 18 

and girls, which only appeared by the end of the second year of their life. Similarly, in a 19 

meta-analysis of Slovenian data, using various tools including the CDIs, Marjanovič-Umek 20 

and Fekonja-Peklaj (2017) found that the effect of gender on production vocabulary size 21 

increased with age but showed a slight to null effect between 8 to 30 months.   22 

However, all the studies mentioned so far have examined Western populations. In 23 

the Middle East, Abdelwahab et al. (2021) found no effect of gender on Egyptian Arabic-24 

https://www.tandfonline.com/doi/full/10.1080/15475441.2021.1916502
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speaking children’s vocabulary size with the Arabic CDI Toddler for children aged 8-30 1 

months, which they attributed to the low age range of the sample and, perhaps, the 2 

privileged socio-economic circumstances (SEC) background of the families. Similarly, Musa 3 

et al. (2021) investigated the effect of gender on the language skills of Arabic Speaking 4 

Sudanese Children aged between 2 and 8 years, using the Modified Preschool Language 5 

Scale-4 (Abu Haseeba et al., 2011) and the Sudanese Arabic Speaking Semantic Skills Test 6 

(SASST). No significant differences in performance were found between girls and boys. If 7 

confirmed, this suggests that gender differences in language skills between the East and the 8 

West could be due to the different ways that boys and girls are encouraged to use language 9 

in the home environment and in the community. The current study will re-evaluate the 10 

absence of gender difference in Abdelwahab et al. (2021) with a larger, more inclusive 11 

sample.   12 

Effect of socio-economic circumstances (SECs)  13 

In representative samples internationally it has been demonstrated that early 14 

language skills follow the social gradient. Children with more disadvantaged SECs have on 15 

average poorer language skills than their counterparts living in more advantaged SECs and 16 

this effect is a gradient one, with each decrement in SEC associated with lower language 17 

levels (McKean et al., 2018; Reilly et al., 2014; Wareham et al., 2021). This gradient has been 18 

shown to exist as early as 18 months of age (Brushe et al., 2021). This is generally attributed 19 

to families from more disadvantaged background having more difficulties in providing 20 

language enriching environments due to limitations of time, physical resources and the 21 

effects of stress and other pressures (e.g. Eadie et al., 2022; Hoff, 2003; Huttenlocher et al., 22 

2010; Wareham et al., 2021). In the literature, studies have commonly used a combination 23 

of parents' educational attainment, occupational status, and income as measures of socio-24 
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economic circumstances (Bradley & Corwyn, 2002). Hoff (2003) found that more highly 1 

educated mothers, specifically those with college education and higher status jobs, engaged 2 

in more child-directed speech and used more complex language with their 24-month-old 3 

children than mothers with more disadvantaged SECs. However, when CDIs are used to 4 

measure language skills, effects of SEC are not systematically observed, sometimes because 5 

the sampling does not always encompass sufficient variability in SEC or because there can 6 

be some over-reporting in families from disadvantaged SECs (Feldman et al., 2000; Fenson 7 

et al. 1993; Reese & Read, 2000). For example, using the Arabic CDI, Abdelwahab et al. 8 

(2021) found no impact of SECs as indexed by maternal education, which could have been 9 

expected given that within the self-selected sample of mothers 85% were university 10 

educated. Similarly, Hamilton et al. (2000) found no impact of SECs on comprehension or 11 

production of British English children when collecting the Oxford CDI data in the UK with 12 

parents from mostly middle-class backgrounds. This was also documented by Fenson et al. 13 

(1994) for the first standardization of the MacArthur CDI in the US, as 77% of the parents 14 

had reached a level of university education. No impact of SECs on vocabulary skills was 15 

reported before 3 years of age, with a small effect after that age. These studies demonstrate 16 

that without due attention to sample characteristics, and making specific efforts to reach 17 

families less likely to self-select, collecting CDI data tends to lead to samples of highly 18 

educated parents. In the current study, we aimed to recruit a proportion of mothers whose 19 

education fairly represents the distribution of education levels in each country, and 20 

investigate the effect of socio-economic circumstances (with maternal education as a proxy) 21 

on early language skills.   22 

Another factor presumably related to SEC is the broad distinction in environmental 23 

context between urban and rural environments. Increased opportunities for urban children 24 
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to interact with others and greater access to diverse social and recreational activities in 1 

cities would appear to lead to the hypothesis that urban children learn words faster than 2 

rural children. This is indeed what was reported by Vogt et al. (2013) when comparing CDI 3 

scores for Mozambican children raised in urban versus rural communities. However, the 4 

small sample size (N=14) and the possible confound with maternal education makes it 5 

difficult to generalize. What is clearer is that the amount of speech directed to children in 6 

urban environments is generally higher than in rural environments for countries outside of 7 

North America, as shown by Cristia’s (2023) systematic review of infant-directed speech 8 

research across the world. If this observation also applies to Middle Eastern countries, it is 9 

unknown whether this would translate into lower scores for children living in rural rather 10 

than urban contexts in Egypt, Jordan, and Palestine, above and beyond any effects 11 

explained by maternal education.  12 

In summary, starting from the Arabic CDI Toddler developed and normed for Egypt 13 

by Abdelwahab et al. (2021), we will adopt a pan-Arabic lexeme approach by comparing 14 

vocabulary data from 8-30-month-olds in Jordan, Palestine, and Egypt, and examine 15 

whether a single set of norms for lexemes can be produced (Study 1). In Study 2, we will 16 

develop and standardize the Arabic CDI Child in these three countries, for children aged 30 17 

to 48 months. In the two studies and in each country, we will attempt to fully represent the 18 

population in terms of geographic spread, maternal education, and environmental context. 19 

We will also examine how factors known to affect early language skills in Western societies 20 

such as SECs and child gender modulate language development in this region of the world. 21 

Research questions 22 

1/ In developing and standardizing language assessment tools for 8-30-month-old 23 

Arabic-learning toddlers (Study 1) and 30-48-month-old Arabic-speaking children (Study 2), 24 
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can a pan-Arabic approach produce a unique set of norms for the three countries (Egypt, 1 

Jordan and Palestine)? 2 

2/ How do child gender and socio-economic circumstances contribute to emerging 3 

language skills in these countries? 4 

Study 1 – Arabic CDI Toddler  5 

Methods  6 

In this first study, building on the Arabic CDI standardized for Egypt by Abdelwahab 7 

et al. (2021), we refined its adaptation to Jordan and Palestine and collected data in the 8 

three countries from parents of children aged 8 to 30 months. Data were collected online 9 

through a dedicated app or face to face to reach out to families from disadvantaged SECs, 10 

with the help of NGOs when necessary.  11 

CDI adaptation  12 

Abdelwahab et al. (2021) describes the procedure of selecting the 100 lexical items 13 

comprising the Arabic CDI Toddler and adapting it to 17 different Arabic dialects. In the 14 

current study, the existing lists of the Jordanian and Palestinian CDIs were sent to three 15 

native speakers in each country to check whether any other lexical varieties could be used 16 

for the same words. In the Jordanian form, lexical varieties for the same lexemes were 17 

added to 12 words (bib, wall, medicine, money, slide, grandpa, nap, shush, please, walk, 18 

hot, none).  For the Palestinian list, lexical varieties were added to 15 words (monkey, 19 

mouse, spider, balloon, ice cream, nappy, glasses, pyjamas, nose, broom, slide, grandpa, 20 

nap, old, how). The resulting lists were implemented on the testing platform, and this was 21 

piloted by sending the link to 20 families in Palestine and Jordan to test for its user-22 

friendliness and clarity, including the accuracy of the list of words. This was not done for 23 

Egypt due to the team’s previous experience with using a similar platform in this country 24 
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(Abdelwahab et al., 2021). No further changes were suggested during this phase. Validity 1 

and reliability of the Arabic CDI were established in Abdelwahab et al. (2021) as follows. In 2 

addition to face validity, concurrent validity was assessed by administering the CDI together 3 

with the Arabic Language Test (Rifaie et al., 2021; Rifaie & Hassan, 2004; Rifaie et al., 1994) 4 

to 23 participants. Reliability was examined through test-retest with 21 participants. 5 

Because there was no change to the content of the 2021 test, apart from adding lexical 6 

variants and moving to a slightly different platform, we did not re-assess validity or 7 

reliability in the current study (the Arabic CDI Toddler can be found in the Supplemental 8 

material). Parents could access the platform by using this link: 9 

https://www.psy.plymouth.ac.uk/ArCDI/Toddler/   10 

Participants  11 

The data from a total of 3084 children were collected between 2020 and 2022, of 12 

which 1778 were discarded for the reasons described in the participant flow chart in Figure 13 

1, leaving 1306 usable data. The target age range was 7.5 to 30.4 months. Parents were 14 

asked on the app which dialect they spoke themselves, and after data collection, data were 15 

excluded if the child was exposed to a language other than their country’s Arabic dialect for 16 

more than 10% of the time; note that in Jordan, both Jordanian and Palestinian dialects 17 

were considered as the country’s dialect. This was done as a practical approach to represent 18 

the majority of children in each country; a full representation of all dialects spoken in each 19 

country would be beyond the scope of the current study. This criterion also excluded 20 

children exposed to another language than Arabic more than 10% of the time (although it 21 

did not necessarily exclude children exposed to other languages in preschool settings, which 22 

is a limitation to this study). This decision was based on the recurrent findings that 23 

vocabulary size in multilingual children in each language is generally smaller than that of 24 

https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.psy.plymouth.ac.uk%2FArCDI%2FToddler%2F%3Ffbclid%3DIwAR1OabqxyIWnmx0fxQ0NKxLeorPP4tLrhRdNTavwGJoPTy_yCcWreWSGKDo&h=AT2kv9WesWmz3VNA7WPh-6uxLty0W7htDEtMM-jxaDAiBNxA5_ckam4VEQP0WxwKNeHpOoZKjrrthP2KstLUiQw7Pd591_GcHkpthuBvqL5UQyRQ48KAgxrN9RHHto5z5Xo
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monolingual children, and varies as a function of exposure (e.g. Cattani et al., 2014; Floccia 1 

et al., 2018; Thordardottir, 2011). To obtain reliable norms for multilingual children was 2 

beyond the scope of the current study. The majority of these data were collected online 3 

using a variety of social media specific to each country, dynamically adjusting the focus onto 4 

different geographical areas. In order to achieve a representative sample of the population, 5 

about a third were collected by local research assistants in face-to-face interviews (152 in 6 

Jordan, 165 in Egypt and 91 in Palestine), most of whom were living in rural areas, and/or 7 

with parents who were either illiterate, had primary education, and/or were unable to 8 

access the online website themselves, or without internet connection enabling them to sign 9 

up. In this way those families not reached through social media or unable to fill in the CDI 10 

unsupported were represented in the sample.  11 

------------------------  12 

Insert Figure 1 here  13 

----------------------  14 

Stratification  15 

Census data (For Egypt: Central Agency for Public Mobilization and Statistics 16 

‘CAPMAS’, 2020, retrieved [12 November 2022], https://www.capmas.gov.eg/ ; For Jordan: 17 

National Centre for Statistics and Information for Jordan, 2021, retrieved [15 November 18 

2022], https://dosweb.dos.gov.jo/; For Palestine: Palestinian Central Bureau of Statistics, 19 

2021, retrieved [20 November 2022], 20 

https://www.pcbs.gov.ps/site/lang__en/1/default.aspx, 2021) were used to create a 21 

representative sampling frame with regards to region, environment (urban/rural) and 22 

maternal education. It must be noted that each country may have a different definition of 23 

these categories and they were not always defined in each census. Details of the census 24 

https://www.capmas.gov.eg/
https://dosweb.dos.gov.jo/
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calculations are found in Supplemental material. Table 2 shows the final distribution of the 1 

proportion of women needed in urban versus rural areas in each country to obtain a 2 

representative sample of the population in terms of education level and population density. 3 

In Jordan, we aimed at recruiting at least 10% of families from rural areas, predominantly 4 

found in Karak, Ma’an and Mafraq. In Palestine, the census data reported no rural area in 5 

Gaza for historical reasons, so we could not set up a target in terms of rural/urban context 6 

in that area. We aimed at recruiting mainly families in urban areas in Gaza, and 75% in the 7 

West Bank (mainly in Jenin, Nablus, and Ramallah & Albireh). In Egypt, our target was twice 8 

as many parents from Lower Egypt than Upper Egypt, with an equal proportion of families 9 

from rural than urban areas.   10 

The initial target sample sizes were 400 children in Jordan, 400 in Palestine and 200 11 

in Egypt to complement the existing 436 from Abdelwahab et al. (2021). A sample size of 12 

200 Egyptian children was needed for modelling an effect of ~0.04 (the smallest effect 13 

found in the 2021 Egyptian data) with a 0.80 power (Berndtson, 1991). As for the Jordan and 14 

Palestine targets, typical CDI standardizations collect between 20 and 50 datapoints per 15 

one-month age bin (e.g. 22 in Slovenianet al., 2013; 33 in Estonian, Urm & Tulviste, 2021; 46 16 

in Mandarin Chinese, Hao et al., 2008). Pooling the data from Egypt, Jordan and Palestine 17 

together (N=1436) would result in 60 children per bin, which is in the top range of what is 18 

usually found in the literature in terms of sample size (see Fenson et al., 2000, for disputing 19 

the necessity of very large sample sizes).   20 

---------------------------  21 

Insert Table 2 here  22 

-------------------------------  23 

Procedure  24 
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Ethical approval for this project (both studies) was granted by the Faculty of Health 1 

Ethics Committee at the University of Plymouth (reference 2020-2200-1182), as well as by 2 

the Humanities, Arts and Social Sciences Ethical Review Committee at the University of 3 

Newcastle (21/05/2020), the Institutional Review Board at Jordan University of Science and 4 

Technology (reference 27/133/2020), and the Scientific Research Committee at Birzeit 5 

University, Palestine (reference BZUPNH2001).  6 

A bespoke platform created ty the Technical Team of the School of Psychology at the 7 

University of Plymouth was used for data collection, very similar to that used in Abdelwahab 8 

et al. (2021). After reading and signing a consent form for the use of their data, parents 9 

were asked to provide demographics including their country of residence, their governorate 10 

and environment (rural or urban), their spoken dialect, and their highest qualification and 11 

occupation (for each parent when applicable). They are also asked to indicate their child’s 12 

date of birth and gender, country of birth and residence, the dialect the child was most 13 

familiar with, any other language than Arabic spoken at home or outside and to what extent 14 

through indicating the percentage of exposure to any additional dialect(s) or language(s) 15 

according to a scale. Finally, parents were asked to indicate whether their child had any 16 

diagnosed developmental delay, hearing problems, and/or prematurity. This was followed 17 

by the CDI questionnaire where the 100 words were presented one by one; parents had to 18 

indicate for each one whether their child produced it, or understood it without producing it 19 

yet, or none of the above.  20 

Research assistants (RAs) in each country recruited participants via online and face-21 

to-face methods. Paid social media posts and paper leaflets containing a QR code link to 22 

the online platform were used to target potential participants. Nurseries that agreed to 23 

support recruitment shared the details of the study with parents. NGOs facilitated contact 24 
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with families that were harder to reach due to illiteracy or limited access to digital 1 

technology. These families were paid a small amount for participation to encourage more 2 

parents to complete the questionnaire. Parents provided fully informed consent and were 3 

able to withdraw from the study at any time. Completion of the Arabic CDI Toddler took 4 

approximately 10-30 minutes. For face-to-face data collection, RAs carried printed forms of 5 

the CDI, and parents decided whether they needed help to fill it out or not, usually 6 

depending on their educational background. RAs started by reading the instructions aloud 7 

to all parents, who were then offered the chance to go through the list themselves, or have 8 

the RA read the list word by word to them.   9 

Results  10 

Plan of analyses  11 

The first step was to examine how each sample represents the country’s population 12 

in terms of geographical spread, environmental context and maternal education. The 13 

second step was to compare the 2021 Egyptian sample (Abdelwahab et al., 2021) and the 14 

current Egyptian one, and examine how vocabulary scores are predicted by age, SEC factors 15 

(indexed by maternal education and environmental context) and child gender in each 16 

country dataset. The third step was to compare the three datasets to one another (Egypt, 17 

Jordan and Palestine), and examine the effects of age, gender and SEC factors to determine 18 

if a single set of norms could be produced. Linear regressions were used to analyze the 19 

effects of the different factors (SEC, gender, age) and to compare the datasets with one 20 

another. In the last step we examined the psychometric properties of the Arabic CDI Toddler 21 

through Principal Component Analyses and McDonald’s omegas (Hayes & Coutts, 2020), and 22 

binomial generalized linear models were used to generate final norms.  23 

Jordan descriptive data  24 
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Of the 566 Jordanian children, 424 (75%) came from urban areas and 142 (25%) from 1 

rural. Our target was 90% and 10% respectively. The over-representation of the rural 2 

population was due to a large number of children in rural areas of the Irbid governorate (N = 3 

76), following an opportunist recruitment in this area motivated by the ambition to reach 4 

families living in disadvantaged circumstances. In terms of education, 5% of mothers were 5 

illiterate (target 7%), 10% had a primary level of education (target 11%), 19% had a 6 

secondary level of education (target 54%) and 66% had a degree or above (target 28%). The 7 

final distribution was therefore skewed towards highly educated mothers, although our 8 

sample is close to target in terms of the proportion of the less educated mothers (illiterate 9 

and primary), and therefore more representative of diversity within the population than 10 

many previous CDI standardizations. In terms of geographical areas, Table A1 in the 11 

Appendix displays the proportion of children in each governorate, as well as the estimated 12 

distribution of the population across governorates. As planned, most of the children live in 13 

Amman, Irbid and Zarqa (64%), with all other governorates contributing 36% (range 0.4 to 14 

6%).  15 

Most parents who filled in the CDI were mothers (80.4%), as is generally observed 16 

with parental questionnaires (Cepanec, et al., 2012). Inspection of the data by child gender 17 

revealed (Table 3) that although both mothers and fathers were in agreement when 18 

reporting girls’ data, there was a strong tendency for fathers to report larger vocabulary for 19 

boys. This contrasts with studies looking at the effect of the gender of the reporting parent 20 

on the children’s scores, where if anything, mothers tend to report more words than 21 

fathers, but do so equally for girls and boys (e.g. De Houwer et al., 2005). Table 3 shows that 22 

the boys whose fathers filled in the CDI were on average 40 days younger than those whose 23 

mothers filled it in, and yet the former were reported to produce 12 words more (out of 24 
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100) and understand 7 more than the latter. To give a perspective on these numbers, in the 1 

Oxford CDI norms (Hamilton et al., 2000), a 17-month-old English toddler would on average 2 

produce 12 words more than a 12-month-old infant. The size of the difference between 3 

father and mother reports for male children is such in the Jordanian data that we would 4 

have to compute different norms depending on the reporting parent gender and the child’s 5 

gender, which would not have been possible given the relatively small number of father 6 

reporters as compared to mothers. Therefore, we took the difficult decision to exclude the 7 

data reported by fathers for all three countries. The reasons behind this observed behaviour 8 

will be addressed in detail in the general discussion.   9 

------------------  10 

Insert Table 3 here  11 

--------------------  12 

Consequently, in Jordan the total usable data was 455 children (whose mothers filled 13 

in the CDI). The distribution of child gender in each age bin is displayed in Table 4.   14 

-----------------------  15 

Insert Table 4 here  16 

----------------------------   17 

Palestine Descriptive Data  18 

Of the 539 Palestinian children, 347 (64%) lived in urban areas, 138 (26%) in rural 19 

areas, and 54 (10%) in camps. More participants were from the West Bank (56%) than Gaza 20 

(44%), reflecting the population distribution. In the West Bank, 59% lived in urban areas, 21 

38% in rural and 3% in camps. Informed by population demographics our targets for these 22 

groups were 75% in urban areas and 25% in rural, with no census data on camps. In Gaza, 23 

proportions in urban, rural and camp areas were 72%, 9% and 19% respectively. Given that 24 
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the census data reported no rural area in Gaza (or camps), we did not set up a target in 1 

terms of rural/urban contexts. In terms of geographical areas, our distribution broadly 2 

reflects the demographics of the country: 43% of our sample came from the three most 3 

populated governorates (Gaza, Hebron and Jerusalem, which represent 37% of the 4 

population), with representation from each of the other less populated areas (see Table 5 

A2).  6 

In terms of maternal education, 12% of mothers had a primary level of education 7 

(target 14%), 36% had a secondary level (target 56%), and 49% had a degree or above 8 

(target 25%). Despite our best efforts, we could not recruit illiterate mothers (target 5%). 9 

This distribution is broadly similar in the West Bank and Gaza.   10 

Most parents who filled the CDI were mothers (82%). Because of the problem 11 

identified in the Jordanian data, we removed from further analyses the data reported by the 12 

fathers, which left us with 440 data points. It must be noted from Table 3, which reports CDI 13 

scores for girls and boys as a function of the gender of the reporting parent, that the effect 14 

observed in the Jordanian data (fathers over-reporting their male child’s word knowledge) 15 

was not found here. Table 5 displays the distribution of girls and boys per age bin in the final 16 

Palestinian sample.  17 

-----------------  18 

Insert Table 5 here  19 

----------------------  20 

Egypt Descriptive Data  21 

The aim of data recruitment in Egypt was to augment the data published in 22 

Abdelwahab et al. (2021) with a smaller sample (N = 201) which itself would be more 23 

representative of the demographics of the country. Indeed in 2021 the majority of 24 
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participants were from Lower Egypt (99%) and most mothers were highly educated (Table 1 

6). The first step in the analyses here was to examine the population representativeness of 2 

the current sample and check how the current data compared to the 2021 data. From the 3 

2021 paper’s original 436 data points, we retained 416, due to a server error in retrieving 4 

the other 20 data points.   5 

Out of the 201 newly recruited families, 39% lived in rural areas and 61% in urban 6 

areas (this information was not required from participants in the 2021 data). This is 7 

approaching our target of 50% in each type of area. Still in the same sample, 70% lived in 8 

Lower Egypt versus 30% in Upper Egypt, which reflects the demographic of the country 9 

(ratio of 2 to 1). In terms of geographical areas, Table A3 in the Appendix displays the 10 

proportion of children in each governorate, as well as the estimated distribution of the 11 

population across governorates. Although we did not manage to cover all governorates of 12 

Egypt, and sometimes overrepresented some areas as compared to the demographics of the 13 

country (e. g. Aswan, Daqahliya), we achieved overall a better representation of the 14 

Lower/Upper Egypt divide and the urban/rural distinction. It must be noted that due to the 15 

relative sizes of the three countries, it was less easy to cover the full geographical spread in 16 

Egypt.  17 

In terms of maternal education, in the new sample 24% of all mothers were illiterate 18 

(target 26%), 4% of mothers had a primary level of education (target 8%), 23% had a 19 

secondary level (target 44%), and 49% had a degree or above (target 22%). The distribution 20 

of maternal education between rural and urban areas can be found in Table 6, together with 21 

the original targets. Although we did not achieve the trends seen in the targets in terms of a 22 

larger proportion of illiterate mothers in the rural sample as compared to the urban sample, 23 

we are much closer to the demographics stratification than the 2021 sample.   24 
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--------------------  1 

Insert Table 6 here  2 

--------------------------  3 

Most parents who filled in the CDI were mothers (83% in the new sample, and 62% 4 

in the 2021 sample). Because of the problem identified in the Jordanian data, we removed 5 

from further analyses the data reported by the fathers, which left us with 427 data points 6 

(168 from the new sample and 259 from the 2021 sample; in the new sample, the data of 7 

two reporting parents who identified themselves as “other” gender were kept). It must be 8 

noted from Table 3 which reports CDI scores for girls and boys as a function of the gender of 9 

the reporting parent, that the effect observed in the Jordanian data was not found here; CDI 10 

scores seem to be aligned with the age of the children more than with the relationship 11 

between the reporting parent’s gender and the child’s gender. Table 7 (left part) displays 12 

the distribution of girls and boys per age bin in the final Egyptian samples where mothers 13 

reported the data (new and 2021).  14 

----------------------  15 

Insert Table 7 here  16 

---------------------------  17 

Do the New Egyptian Sample and the 2021 Sample Produce Similar Data?  18 

The main differences between the two Egyptian samples were maternal education 19 

and spread of geographical locations. Although we did not collect information about rural 20 

versus urban environments in 2021, we could first check whether this factor explains some 21 

of the variance in the new sample, above and beyond the other factors (age, gender and 22 

maternal education).   23 
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In the new sample, 98 children lived in urban areas versus 70 in rural areas. The 1 

distribution of maternal education was quite similar in both areas (comparing urban and 2 

rural: primary education: 36% and 29%; secondary education: 14% and 36%; tertiary: 50% 3 

and 36%). In the 2021 sample, nearly all families were from Lower Egypt and presumably 4 

mostly in urban areas, although this cannot be upheld with certainty. Maternal education 5 

was primarily tertiary (87%), then secondary (10%) and primary (3%).   6 

In the new sample, a linear regression on CDI production scores1 with children’s age, 7 

gender, maternal education (1: primary; 2: secondary;  3: tertiary) and environment (urban 8 

versus rural as a dummy variable) shows that only age (unstandardized B = 1.98, p < .001) 9 

and environment (unstandardized B = 6.86, p = .046) significantly contribute to the model 10 

(R2 = .29, F(4, 167) = 16.25, p < .001). This means that children living in rural area are 11 

reported to produce nearly 7 more words than those in urban areas. For CDI comprehension 12 

scores, the significant predictors are again age (B = 2.09, p < .001), maternal education (B = 13 

4.57, p = .018) with environment failing to reach significance (B = 6.54, p = .057) (model: R2 = 14 

.32, F(4, 167) = 19.27, p < .001). In summary, environment seems to have an impact on word 15 

knowledge – yet statistically modest – in the opposite direction to that predicted by the 16 

literature (e. g. Al Lawati & Al Mukhaini, 2022).   17 

Given that the original sample was collected mostly in urban areas, we might expect 18 

environment to lower the scores in the 2021 sample as compared to the new sample, once 19 

accounting for maternal education.   20 

A linear regression on CDI production scores with age, gender, maternal education 21 

and dataset (old versus new) shows a significant model for production (R2 = .40, F(4,426) = 22 

70.82, p < .001) with age (unstandardized B = .076, p < .001), and dataset (unstandardized B 23 

= 5.04, p = .023) being the only significant contributors. For comprehension scores, the 24 
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model was also significant (R2 = .41, F(4,426) = 72.40, p < .001), with the significant 1 

contribution of age (unstandardized B = .085, p < .001), maternal education (unstandardized 2 

B = 4.22, p = .012) and dataset (unstandardized B = 10.94, p < .001). This means that 3 

children in 2021 were reported to understand on average 10 fewer words and produce 5 4 

fewer words than those assessed in the current study.   5 

Could the difference between the two datasets be due to children from rural areas in 6 

the current study providing higher scores than urban ones? Assuming that all children from 7 

the 2021 dataset came from urban areas, a new regression on comprehension scores with 8 

all children from the 2021 dataset and only the urban children from the current study (N = 9 

98) was conducted with age, gender, maternal education, and dataset. The model was 10 

significant for comprehension and production (R2 = .43, F(4,356) = 65.30, p < .001; R2 = .45, 11 

F(4,356) = 70.73, p < .001). For comprehension, age, maternal education and dataset were 12 

significant predictors (dataset: unstandardized B = 9.87, p = .001), whereas for production, 13 

only age was a significant predictor (effect of dataset: unstandardized B = 3.38, p = .17). 14 

Therefore, our hypothesis is only partially confirmed: data from the previous and current 15 

samples are not distinguishable on production when considering only urban children, but 16 

they are still different in comprehension, with the new scores being higher overall than the 17 

2021 one.   18 

Another difference between the two samples is the distribution of maternal 19 

education (87% of mothers in the 2021 sample were highly educated, against 44% in the 20 

new sample). What could partially explain the difference between the two datasets is lower 21 

SECs families over-reporting CDI scores (Feldman et al., 2000; Reese & Read, 2000). Indeed, 22 

when considering only the highly educated mothers, regression analyses do not reveal any 23 

significant contribution of dataset for production, but still for comprehension.   24 
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Figures 2 and 3 illustrate the dispersion of data in each data set, for comprehension 1 

and production. Visual inspection shows that scores reach similar levels from the ages of 22 2 

months onwards in the two datasets, with the differences mainly due to the ages 8 to 17 3 

months where scores are higher in the new dataset, and especially in comprehension. It is 4 

difficult to pinpoint exactly why this happened. The two CDIs were exactly the same, but the 5 

sampling was different, both in terms of geographical areas, environmental factors and 6 

maternal education; the platform was also slightly different, being more user-friendly in the 7 

current dataset. What is reassuring is that when the samples are equated on environment 8 

background (only considering the urban families) or on maternal education level (only 9 

considering tertiary education), then there is no longer an effect of dataset for production 10 

(but still for comprehension). In what follows, because there is no reason to exclude one set 11 

and not the other, we decided to pool together the two samples to what will be referred to 12 

as the Egyptian data (N = 427).   13 

----------------------  14 

Insert Figures 2 and 3 here  15 

-----------------------  16 

Comparison of the Three Datasets: Egypt, Jordan and Palestine  17 

Can we produce a single set of norms for the three countries? To answer this 18 

question, we would need to show that the factor country does not explain a significant part 19 

of the variance once age, gender, environment and maternal education have been 20 

accounted for. Table 8, which summarizes the descriptive data for each country, shows that 21 

the distribution of maternal education, the proportion of girls and the CDI scores are very 22 

similar in Jordan and Palestine, but seem different to Egypt.   23 

------------------------  24 
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Insert Table 8 here  1 

-----------------------------  2 

A regression analysis on comprehension scores with age, gender, maternal 3 

education, environment and country (each country coded as a dummy variable and Egypt 4 

set as the baseline) revealed a significant model (R2 = .49, F(6,1315) = 219.77, p < .001), with 5 

all factors but gender contributing significantly (see Table 9). The same analysis on 6 

production also provided a significant model (R2 = .42, F(6,1315) = 158.32, p < .001), with all 7 

factors but maternal education significantly contributing.   8 

---------------------------  9 

Insert Table 9 here  10 

------------------------------  11 

The direction of predictions was as expected for age, gender (girls produce more 12 

words than boys) and education (more educated mothers report more words, at least in 13 

comprehension). The effect of environment suggests that children in urban areas know and 14 

produce fewer words than those in rural areas, which was also observed in the Egyptian 15 

data. The effect of country was due to the Egyptian scores being higher than those in Jordan 16 

and Palestine. When comparing the countries two by two (e.g. Jordan and Egypt in the same 17 

model with country as a dummy variable), Jordanian and Palestinian scores for 18 

comprehension and production are not significantly different (see Table 10). The analyses 19 

show an expected effect of age, gender (girls produce more words than boys) and maternal 20 

education (more educated mothers report more words in comprehension and production) 21 

but no effect of environment. These results suggest that norms could be calculated by 22 

pooling together Jordanian and Palestinian data.   23 

-----------------------  24 
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Insert Table 10 here  1 

------------------------  2 

In contrast, Egyptian scores are significantly different from those of each of the two 3 

other countries (see Table 10). Children in Egypt are reported to understand 14 words fewer 4 

than those in Jordan and 7 fewer than those in Palestine; they are also reported to produce 5 

6 words fewer than those in Jordan and 2 fewer than those in Palestine. It is clear from 6 

Table 8 that the sampling was different in Egypt and the two other countries: most Egyptian 7 

children are in urban areas and have highly educated mothers. Whereas high education has 8 

been seen to lead to higher CDI scores (e.g. Cadime, et al., 2018; Kas et al., 2022), we have 9 

seen that overall children in urban areas tend to be reported to know less words than in 10 

rural areas, and the Egyptian data might be highly colored by the interaction between these 11 

two opposing factors. Therefore we decided to calculate separate norms for Egypt.   12 

Psychometric properties of the Arabic CDI Toddler  13 

Psychometric properties of the CDI Toddler were evaluated in two steps: first 14 

exploratory Principal Component Analyses (PCA) were run to evaluate whether trends and 15 

patterns could be observed within the 100-word list, and second McDonald’s omegas were 16 

calculated to examine internal consistency. Each word received a score of 0 (not 17 

understood), 1 (understood but not produced) or 2 (produced).   18 

A PCA using the varimax method (SPSS 25.0.02) using the screen plot test identified 3 19 

factors explaining 56.7% of the variance, with Eigenvalue above 2.7. Factor 1 was comprised 20 

of 43 items explaining 22.6% of the variance with factor loadings from .389 to .788. Factor 2 21 

was represented in 29 items, explaining 18.3% of the variance, with loadings from 0.381 to 22 

0.727. Factor 3 was comprised in 28 items, explaining 15.7% of the variance with factor 23 

loadings from .452 to 0.678. When analyzing each country separately, the PCAs produced 24 
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very similar results. Inspection of the different groupings did not reveal any obvious 1 

classification.   2 

McDonald’s omega for the full dataset was 0.990, indicating acceptable internal 3 

consistency (Jordan: 0.991; Palestine: 0.990; Egypt: 0.989).  4 

Norms of Arabic CDI Toddler Scores for Arabic-Speaking Infants Aged 8 to 30 5 

Months  6 

Jordan and Palestine  7 

When pooling together data from Jordan and Palestine (N = 895), a regression on 8 

comprehension scores with age, gender, maternal education and environment (urban, rural 9 

and camp) gave a significant model (R2 = .51, F(4,894) = 230.53, p < .001) with age and 10 

maternal education significantly contributing (age: unstandardized B = .096, p < .001; 11 

education: unstandardized B = 3.70, p < .001). For production, a significant model was also 12 

calculated (R2 = .43, F(4,894) = 167.81, p < .001) with age, maternal education and gender 13 

significantly contributing (age: unstandardized B = .098, p < .001; education: unstandardized 14 

B = 2.91, p = .008; gender: unstandardized B = -5.34, p < .001). These results are very similar 15 

to those of the wider literature: girls produce more words than boys, but do not have a 16 

larger receptive vocabulary; children from mothers with higher education understand and 17 

produce more words than children from mothers with lower education.   18 

Norms were created in the manner suggested by Fenson et al (1994) and used in the 19 

previous sample (Abdelwahab et al, 2021). That is, participants’ age in months was 20 

calculated based on rounding to the nearest month, then in each one-month age range the 21 

data for comprehension and production were placed into 10 quantiles, from 10th to 90th, 22 

with the addition of a 16th percentile line (where the 10th percentile indicates the lowest 23 

scoring 10% of participants, and the 90th percentile indicates the highest scoring 10% ; see 24 
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the General Discussion for the justification of the 16th percentile). Then a binomial 1 

generalized linear model (GLM) was fitted for each of the 10 quantiles across age, such that 2 

the dependent variable was the proportion of words either comprehended or produced, 3 

and the independent variable was age in months. For this dataset, the age range was 7-31 4 

months of age. Figure 4 indicates the comprehension (left) and production (right) norms for 5 

the pooled Jordanian and Palestinian data.  6 

-----------------------  7 

Insert Figure 4 here  8 

---------------------------  9 

Egypt  10 

First, for the 427 Egyptian children, a regression on comprehension scores with age, 11 

gender, maternal education and environment (urban vs rural) gave a significant model (R2 = 12 

.40, F(4,426) = 70.01, p <  .001) with only age and environment contributing (age: 13 

unstandardized B = .085, p < .001; environment: unstandardized B = 11.08, p < .001). 14 

Similarly, the model for production was significant (R2 = .41, F(4,426) = 72.10, p < .001) with 15 

only age and environment contributing (age: unstandardized B = .076, p < .001; 16 

environment: unstandardized B = 7.69, p < .001). In both cases, mothers report more words 17 

for children in rural areas than urban areas. Figure 5 displays the scores for comprehension 18 

and production as a function of maternal education and illustrates the fact that although 19 

there is no statistical effect of education, mothers with primary education tend to over-20 

report in the earliest age range (under 17 months; see also Feldman et al., 2000, for similar 21 

effects). In contrast, for the older children, effect of maternal education tends to resemble 22 

what would be expected from the literature, with mothers with primary education reporting 23 

less words understood and produced than mothers with a higher education.   24 
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------------------  1 

Insert Figure 5 here  2 

----------------------  3 

Norms for the pooled Jordan and Palestine data were constructed as above, with 4 

separate binomial GLMs fitted across each of the 10 quantiles, using the same formula as 5 

the Jordan-Palestinian dataset. In the case of the Egyptian data, participant age in months 6 

ranged from 8 to 31 months. Figure 6 shows the norms for comprehension (left) and 7 

production (right) over age.  8 

-------------------------  9 

Insert Figure 6 here  10 

------------------------  11 

Discussion of Study 1  12 

Through the standardization of the Arabic CDI Toddler in Jordan, Palestine and Egypt, 13 

the primary aim of this paper was to examine if data could be similar enough across the 14 

three countries for a single set of norms to be produced. This would pave the way for 15 

potential further use of the Arabic CDI beyond the borders of these three countries. Other 16 

aims were to obtain a representative sample of the population in terms of socio-economic 17 

circumstances and geographical spread, and examine the effects of gender and socio-18 

economic circumstances on language development in non-Western and non-Asian 19 

communities.   20 

The production of single norms across multiple Arabic dialects was successfully 21 

achieved for Jordan and Palestine, where CDI scores were strikingly comparable, once 22 

accounting for age, child gender, maternal education, and environmental context. In 23 

addition, these data showed a strong effect of gender on production, with girls reported to 24 
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say more words than boys, which is similar to what is usually reported in young children 1 

(Bornstein et al., 2004; Fenson et al., 2007; Floccia et al., 2018; Frank et al., 2017). An effect 2 

of maternal education was also observed, with more educated mothers reporting more 3 

words being understood and said than less educated mothers (Bornstein et al., 1998; Hoff, 4 

2003). These two effects replicate and extend what has already been observed in Western 5 

or Asian communities (Frota et al., 2016; Kas et al., 2022), first grounding the effect of 6 

gender on language development in biological origins (Eriksson et al., 2012; Lange et al., 7 

2016), or at least in (broadly) universal differential socialization. Second, they demonstrate 8 

the impact of maternal education on children’s language skills – including the fact that 9 

mothers with low education may over-report their child’s language skills (Fenson et al., 10 

2007). It is widely accepted that the impact of maternal education, or socio-economic 11 

circumstances in general, are due to families from more disadvantaged background having 12 

more difficulties in providing language enriching environments (e.g. Hoff, 2003; Wareham et 13 

al., 2021). 14 

The Egyptian data collection, which complemented the data published in 15 

Abdelwahab et al. (2021), brought unexpected findings: significant differences between the 16 

2021 and the current dataset were observed, and when data were amalgamated – since 17 

there was no reason to disqualify one set of data over another – the comparison between 18 

Egypt and the two other countries lead us to provide separate norms for Egypt. The puzzling 19 

result is actually that whether it was in Jordan, Palestine or Egypt, newly collected data 20 

showed higher scores than the 2021 dataset from Egypt. What had changed? The main 21 

difference is that a third of newly collected data in each country were collected face to face, 22 

on the phone, or sometimes reading out the words to parents when required. This was 23 

particularly the case in rural areas, where research assistants travelled to meet with 24 
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nurseries and parents. In contrast, all 2021 data were collected online. We tentatively 1 

suggest that in general, parents would be more inclined to pay more attention to each word 2 

when filling in the questionnaire in the presence of a research assistant, rather than online. 3 

A clearer sign that this is what happened comes from a closer look at what appears to be an 4 

environmental effect.   5 

Recall that in Jordan and Palestine, environment (urban, rural or camp for Palestine) 6 

did not modulate the vocabulary scores. In contrast, in Egypt, urban children were reported 7 

to know less words than rural children, which contradicts initial expectations (Al Lawati and 8 

Al Mukhaini, 2022). However, children in the 2021 dataset were primarily recruited in urban 9 

areas, whereas in the new dataset, it was 60% urban and 40% rural. Two comparisons are of 10 

interest here: the comparison between children from urban areas in the two Egyptian 11 

datasets, and the comparison between urban and rural children in the new dataset. We 12 

showed in the results section that urban children in the new dataset outperformed the 13 

entire (urban) 2021 dataset. We can add here that when considering the new dataset only, 14 

the difference between urban and rural only just reaches significance. Therefore, it looks 15 

like the difference between the 2021 dataset and the current Egyptian one is not due to a 16 

difference between urban and rural environment, but to the fact that about a third of all 17 

data in the new Egyptian set have been collected face to face, and even more so in rural 18 

areas. If the environmental effect is actually a “research assistant” effect, one might ask why 19 

then we did not observe an environment effect in all countries, given that there was more 20 

face-to-face data collection in rural versus urban environment overall. The main reason why 21 

the environmental effect was only evident in the new Egyptian dataset is probably because 22 

in rural areas, the general level of education is lower than in urban areas, as shown in the 23 

census and reflected in our sampling; the effect of maternal education would act against the 24 
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effect of research assistant. As there were more illiterate mothers in the new Egyptian 1 

dataset than in the two other countries (29% in Egypt, 2% in Jordan and none in Palestine), 2 

the proportion of face-to-face interviews was necessarily higher in Egypt, pushing the effect 3 

of “research assistant” higher than the counteracting effect of maternal education. In short, 4 

this means that the differences between CDI scores in Egypt versus Jordan and Palestine are 5 

likely due to a combination of SEC factors and data collection mode, more than to genuine 6 

country related effects. Having said that, these differences also reflect country-specific 7 

economic contexts, because the need for more face-to-face data collection in Egypt was 8 

driven by the larger proportion of families who needed this level of input. The general 9 

message here is that CDI users should be aware of the possible “research assistant effect” 10 

described above, which could in principle inflate the scores for any language or country 11 

tested.  12 

Another unexpected finding was that Jordanian fathers tended to over report male 13 

children’s word knowledge as compared to mothers; in contrast, their responses for female 14 

children were very similar to those of mothers. This left us with the difficult decision to 15 

remove the data from fathers’ reports in Jordan, and further in Palestine and Egypt, in order 16 

to work with comparable datasets. Keeping the data would have required us to calculate 17 

separate norms for father-son dyads, which would not have been feasible given the relative 18 

paucity of such data points. Were fathers reporting high language scores for boys because 19 

of their expectations and beliefs about their sons’ achievements, or did it reflect more 20 

advanced language skills in boys due to more complex and richer father-son communication 21 

opportunities? Evidence so far suggests the former. First it must be noted that cross-cultural 22 

observations – as well as the current data collected with mothers in Jordan and Palestine - 23 

show that when a gender effect is observed (which seems to depend on the age with a 24 
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greater likelihood from the age of 2; Fenson et al., 1994), it is always in the direction of girls 1 

being ahead of boys. Second, the effect of the reporter’s gender has not been found to 2 

systematically modulate the data: De Houwer et al. (2005) examined Dutch CDI reporters’ 3 

agreement by comparing scores given by mothers and fathers from the same families. They 4 

found that although agreement may not necessarily be perfect, there was no systematic 5 

tendency for one category of parents to over-report as compared to the other gender; in 6 

fact, if anything, mothers tended to report more words than fathers. Third, when looking at 7 

the interaction between reporter gender and child gender in American English toddlers aged 8 

between 18 and 26 months, Lovas (2011) observed that mothers tended to report higher 9 

CDI scores than fathers, as found in De Houwer et al. (2005). But the effect of child gender 10 

was similar for both mothers and fathers, with girls reported to know more words and 11 

produce longer utterances than boys. It follows that father-son dyads were actually the 12 

cases where the lowest number of words and the lowest MLUs were reported, which 13 

according to Lovas, may offer a new perspective on gender socialization and in particular, 14 

they hypothesize, in men’s difficulties to engage in complex intimate conversations (Lovas, 15 

2011). Perhaps such differences also reflect the contexts within which fathers tend to 16 

interact with their children providing fewer language rich interaction opportunities.   17 

Having said that, the aforementioned studies were conducted in the Western world, 18 

and it is established that parenting style can differ between Eastern and Western countries. 19 

For example, Dwairy and Achoui (2010), analyzing questionnaires from 2884 participants 20 

from Arab, Argentinian, French, Indian, and Polish adolescents, reported that Eastern 21 

parents exert more authority and are more likely to enforce rules and boundaries in their 22 

children's lives than Western parents. Arab countries being traditionally patriarchal (e.g. 23 

Olmsted, 2005), it could be that fathers spend more time with their infant sons than with 24 
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their daughters, resulting in more communication opportunities, which would enhance the 1 

quantity and quality of language input and boost language skills. However, if that were the 2 

case, one would expect mothers to report more word knowledge for their sons than their 3 

daughters, albeit not to the same extent perhaps. Our data do not suggest this, and in the 4 

absence of a systematic within-family comparison of parents’ reports as a function of their 5 

child gender, as was completed by Lovas (2011), we can only reasonably conclude that 6 

fathers in Jordan tend to over-report their sons’ progress most likely due to their high 7 

expectations for their sons. This is a finding that should be kept in mind for professionals 8 

assessing young children’s language skills through parental questionnaires.  9 

In the next section, we will present the development and norming of the Arabic CDI 10 

Child for children aged 30 to 48 months. The stratification and recruitment processes were 11 

similar to those used in the first study, but one important difference is that there was no 12 

pre-existing dataset for the Arabic CDI Child in Egypt, Jordan or Palestine, as there was for 13 

the Arabic CDI Toddler in Egypt; in addition, there was no CDI Child for Arabic. After 14 

developing the Arabic CDI Child, the objective was to recruit most data in Egypt, and 15 

compare smaller datasets from Jordan and Palestine, with the hope that there would be no 16 

significant differences between countries and that single norms could be produced. Note 17 

that this plan was designed before the full data from the Arabic CDI Toddler were collected. 18 

Of interest will be to again examine effects of gender and socio-economic circumstances, as 19 

well as a possible interaction between reporter gender and child gender.   20 

The Arabic CDI Child is based on the CDI-III (Fenson et al., 2007), which has been 21 

adapted into several languages (see below), but did not gain the same popularity as versions 22 

for younger children. One reason for this, as we will see below, is that in many CDI-III 23 

adaptations, a ceiling effect has been observed for its different sections and in particular for 24 
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the word list. To avoid this, we chose to follow the recommendations of the Swedish CDI-III 1 

(Eriksson, 2017) which avoided this pitfall by selecting words from four difficult semantic 2 

categories instead of covering a range of more familiar and concrete domains.   3 

Study 2 – Arabic CDI Child  4 

The American English CDI-III, originally normed with children between 30 and 37 5 

months of age (Fenson et al., 2007), has a high level of validity and reliability, making it an 6 

effective tool for identifying children who may need further diagnostic evaluation (Feldman 7 

et al., 2003, 2005; Perra et al., 2015). Based on our review of the different language 8 

adaptations (see Table S4 in the Supplemental Material), we decided to retain the following 9 

core components: a 100-word list, a filtering question about word combinations and 10 

questions about longest utterances for mean length of utterance (MLU) evaluation, a 11 

grammatical complexity part (23 sentence pairs), and a language use section (11 yes/no 12 

questions).   13 

The following section describes the preliminary steps to develop the Arabic CDI Child 14 

and establish its validity and reliability. This is followed by the main standardization phase in 15 

Egypt, Jordan and Palestine, which leads to the analyses of the effects of factors known to 16 

modulate language learning (gender, socio-economic circumstances indexed by maternal 17 

education and environmental context), and the computations of norms for Arabic-speaking 18 

children aged 30 to 48 months. As per Study 1, our main research question was to ask 19 

whether a pan-Arabic lexeme approach to language assessment tools is realistic.   20 

Preliminary Phase  21 

Developing the Arabic CDI Child  22 

After obtaining authorization from the MacArthur-Bates Board to develop and adapt 23 

the multi-dialect Arabic CDI Child into Egyptian, Jordanian, and Palestinian3 Arabic, we 24 
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adapted and translated the sections covering general communication abilities and 1 

vocabulary from the Swedish and the Basque CDI-III versions (Table S4 in Supplemental 2 

Material), as well as for a Syrian version developed by Mårten Eriksson (personal 3 

communication, 28/10/2019). Various CDI adaptations have suffered from ceiling effects, in 4 

particular in the word list section (Table S4), with the notable exception of the Swedish CDI-5 

III (Eriksson, 2017), which has inspired the development of the Estonian (Tulviste & Schults, 6 

2020), the Mexican Spanish (Jackson-Maldonadoet al., 2022), and the European Portuguese 7 

CDI-III (Cadime et al., 2021). We started with translating the list from Eriksson (2017) which 8 

contains 100 words covering 4 semantic domains (food, body parts, cognitive words, and 9 

emotion words). All these words describe concepts that are universal (e.g. love, compare, 10 

knee), even for food (e.g. chop, salt, spicy), and as pointed out by Eriksson (2017), they have 11 

been showed to expand slowly in the pre-school years (food: Clark, 1995; body parts: 12 

Fenson et al., 1994; cognitive and emotion words: Naigles, 2000). Using Open Lexicon 13 

(Pallier et al., 2019), English and Arabic orthographic frequencies were highly correlated for 14 

the 50 words which had an entry in the Arabic database (r = .57, p < .001). The aim of this 15 

section is for parents to indicate whether their child says the word or not yet.  16 

As is found across all CDI-IIIs, this section was followed by a filtering question about 17 

word combination (in some CDIs, this can be located before the word list, and contains 18 

statements rather than questions). If the parent indicated that their child did not combine 19 

words yet, the questionnaire would end. Otherwise, they were asked to write down the 20 

longest 3 sentences they had heard their child produce recently to estimate an MLU.   21 

This was followed by the initial sentence complexity section, containing 42 pairs of 22 

sentences with a simple and a complex version. These sentences were specifically designed 23 

for Arabic, and covered the use of past tense, future tense, passive tense, pronouns, 24 
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comparatives, subordinates, and conjunctions of clauses. They were constructed based on a 1 

review of the (scarce) literature about Arabic acquisition, and on the intuitions of the 2 

Arabic-speaking team members (comprising linguists and speech and language therapists).  3 

The final part about language use included 11 yes/no questions about the forms of 4 

language that express more abstract concepts (e.g. does the child make complete sentences 5 

using why, how, and who).    6 

Versions in Egyptian, Jordanian, and Palestinian dialects were first generated by 7 

team members who are native to these countries, with the collaboration of local research 8 

assistants. Following this initial development, a first series of online reflection groups were 9 

run in each country to assess the relevance of the linguistic material, reduce the number of 10 

sentence pairs to 23, and clarify the formulation of instructions. Twenty participants in each 11 

country were divided into 4 groups of 5 participants each, with 2 groups for parents of 12 

children from the lower age range (30 to 36 months) and 2 groups for those from the higher 13 

age range (40 to 48 months). Using WhatsApp groups, parents were sent each section one 14 

after the other with 2 to 3 days in between, during which they were free to comment. They 15 

were asked to comment about the clarity and easiness of each section and suggest any 16 

improvements. They were also asked to comment on the sentences and their 17 

appropriateness for their child, following which we selected the 23 sentences that did not 18 

elicit a ceiling or a floor effect. Parents were also asked to suggest any dialectal/lexical 19 

varieties in the vocabulary section, which resulted in some variations being added to the 20 

words boring, proud, hate, stupid, and evil in the Jordanian dialect, and brain, wonder, 21 

surprised, sad, boring, and sick in the Palestinian dialect. No further changes were suggested 22 

to the sentence section or the language use section (the Arabic CDI Child can be found in the 23 

Supplemental material). 24 
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The Arabic CDI Child platform  1 

The Arabic CDI Child was implemented on a bespoke online platform designed by the 2 

Psychology Technical Team at the University of Plymouth, very similar to that used for the 3 

CDI Toddler. After the initial part where the same questions were asked, the CDI 4 

questionnaire per se was presented with the following sections in that order: word 5 

production (100 words), word combination stage (1 question, which triggered the end of the 6 

questionnaire if parents answered that their child had not started combining words yet), 7 

longest sentences produced (3 questions), sentence complexity (23 pairs of simple/complex 8 

sentences), and language use (11 questions).  9 

The platform was first tested with 30 users in total (10 users from each of the 3 10 

countries) whose task was to assess the usability and robustness of the different 11 

functions.  Each user was asked to test one particular function, in addition to a common 12 

final evaluation form. Examples of functions were setting the language of use, signing up, 13 

adding siblings, jumping backward/forward, and closing the app midway through. The 14 

common evaluation form asked questions about text clarity, access to login details, entering 15 

family details, and signing in again after a delay. They were also asked to suggest any 16 

alternative words and/or spelling for the linguistic content of the CDI. All issues and 17 

suggestions for improvement were addressed. For example, warnings about internet speed, 18 

connection safety and a requirement to switch language to Arabic before starting the 19 

platform were added.   20 

Reliability and validity  21 

Reliability of the Arabic CDI Child was established through a test–retest, together 22 

with a comparison of the modes of completion (online vs. paper). Twenty-eight parents of 23 

typically developing Egyptian children (M = 41.32 months, SD = 6.07, 12 females and 16 24 
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males) were asked to fill in the Arabic CDI Child on paper and then online (or vice versa), 1 

with a period of 2 to 3 weeks between the completion of the two versions. The children 2 

were recruited through the local RAs’ contacts in different Northern Egypt urban districts 3 

and belonged to middle to high social classes. None of the children were reported as being 4 

born premature, having hearing problems nor having a diagnosed developmental delay. All 5 

parents reported that the children could combine words to form a sentence.   6 

 When filling in the CDI on their second attempt, parents dropped on average 2.96 7 

words (SD 5.39). At the same time, they also added 1.43 words (SD 2.27) that they had not 8 

previously reported. When filling in the sentence section on their second attempt, parents 9 

dropped on average .68 sentences in the complex sentences (SD 1.25), and added .71 10 

sentences that they had not previously reported (SD 1.58).   11 

A repeated measures ANOVA was used to assess the word production scores in 12 

relation to two factors: the order of completion as a between-participant variable (online 13 

version first or second), and the mode of completion (online versus paper) as a within-14 

participant variable. The analysis indicated no significant effect of the mode of completion 15 

(paper: M = 54.11, SD = 18.33; online: M = 55.14, SD = 19.33; F(1, 26) = 1.28, p = .27, η2 = 16 

.05), nor any significant effect of the order of presentation (first completion: M = 55.23, SD = 17 

22.82; second completion: M = 55.07, SD = 16.57; F(1, 26) < 1). Additionally, no interaction 18 

between order and mode of completion was observed, F(1, 26) < 1. Similar findings 19 

emerged in the analysis of complex sentence scores, revealing no significant main effect of 20 

the mode of completion (paper: M = 11.04, SD = 5.65; online: M = 10.79, SD = 5.51, F(1, 26) 21 

< 1), no significant main effect of the order of completion (first completion: M = 10.54, SD = 22 

4.94; second completion: M = 11.0, SD = 6.13; F(1,26) < 1), and no interaction (F(1, 26) < 1). 23 
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These results establish the reliability of the Arabic CDI Child in a test-retest situation, in both 1 

online and paper formats of presentation, and across all sections.  2 

The validity of the Arabic CDI Child was established through concurrent validity with 3 

the Arabic Language Test (ALT) (Rifaie et al., 1994, 2004, 2021), as for the Arabic CDI Toddler 4 

(see Abdelwahab et al., 2021). The ALT, originally developed for children aged 2 to 8 years 5 

and standardized with 120 Egyptian children, provides a comprehensive assessment of a 6 

child's language comprehension and production. It contains 5 sections including semantic 7 

understanding as measured by picture vocabulary items, receptive and expressive syntactic 8 

abilities, pragmatic skills, and phonological proficiency. In the original paper (Rifaie et al., 9 

1994), the validity of the test was established through six different methods, including 10 

factorial validity, while reliability was assessed through test-retest. It was then revised in 11 

2004 and in 2021 (Rifaie et al., 2004, 2021) to improve its ability to diagnose language 12 

difficulties and obtain a more accurate language age, based on a larger sample, in particular 13 

for the age range 2 to 4 years (N = 400). It showed again good validity (internal consistency, 14 

contrasted group, factorial, face and judgment) and reliability.  15 

A new group of 20 toddlers aged 39 months +/- 2 months (8 male and 12 female) 16 

from rural areas in Northern Egypt were tested, with most mothers having at least a 17 

technical qualification. None of the children were born prematurely, nor had any diagnosed 18 

developmental delay or hearing problems. The test took between 45 to 60 minutes to 19 

administer (5 sections with 8 to 16 questions per section), in a face-to-face interaction with 20 

the child. The ALT was typically administered on the same day as the Arabic CDI Child 21 

completion by the parent.   22 

The results showed strong positive correlations between the CDI vocabulary 23 

production scores and the ALT word production scores (r = .95, p = .000), the CDI sentence 24 
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complexity scores and the ALT expressive syntax scores (r = .86, p = .000), and the CDI 1 

language use section and the pragmatic section of the ALT (r = .71, p = .000). These results 2 

suggest that the two tests measure the same constructs, and establish the validity of the 3 

Arabic CDI Child.  4 

Standardization Phase  5 

Participants  6 

The data from a total of 2153 children were collected between 2021 and 2022, out 7 

of which 719 were rejected for the reasons described in the participant flow chart in Figure 8 

7, leaving 1434 usable data. The target age range was 29.5 to 48.4 months. The majority of 9 

these data were collected online using a variety of social media specific to each country. 10 

About a third were collected by local research assistants in face-to-face interviews (84 in 11 

Jordan, 470 in Egypt and 53 in Palestine), most of whom were living in rural areas, and/or 12 

with parents who were either illiterate or with primary education, and/or unable to access 13 

the online website themselves, or without internet connection enabling them to sign up.   14 

--------------  15 

Figure 7 here  16 

----------------  17 

Stratification and sample sizes  18 

Census data was used as in Study 1 to create a representative sampling frame with 19 

regards to region, environment (urban/rural) and maternal education (see Supplemental 20 

Material and Table 2). The initial target sample sizes were 200 children in Jordan, 200 in 21 

Palestine and 900 in Egypt, with the prospect of using Egyptian data as a benchmark. A 22 

sample size of 200 Jordanian and Palestinian children was needed for modelling an effect of 23 

~0.04 (the smallest effect found in the 2021 Egyptian data) with a 0.80 power (Berndtson, 24 
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1991). As for the Egyptian target, typical CDI standardizations collect between 20 and 50 1 

datapoints per one-month age bin (e.g. 22 in Slovenian, Marjanovič-Umek et al., 2013; 33 in 2 

Estonian, Urm & Tulviste, 2021; 46 in Mandarin Chinese, Hao et al., 2008). With 900 data 3 

points in Egypt, we would obtain about 47 children per monthly age bin (N=19), and 68 once 4 

pooling together data from Egypt, Jordan and Palestine, which is in the top range of what is 5 

usually found in the literature in terms of sample size.   6 

Procedure  7 

All aspects of the procedure are identical to those in Study 1. Completion of the 8 

Arabic CDI Child took approximately 20-40 minutes.   9 

Results  10 

Plan of analyses  11 

The first step was to examine how each sample represented the country’s 12 

population in terms of geographical spread, environmental context and maternal education. 13 

The second step was to compare the three datasets to one another (Egypt, Jordan and 14 

Palestine), to determine if a single set of norms could be produced. As in Study 1, linear 15 

regressions were used to analyze the effects of the different factors (SEC, gender, age) and 16 

to compare the datasets with one another. Psychometric properties were also examined, 17 

and binomial generalized linear models were used to generate final norms. Please note that 18 

the MLU data were not analyzed in the current paper.  19 

Jordan Descriptive Data  20 

Out of the 309 Jordanian children, 268 (87%) came from urban areas and 41 (13%) 21 

from rural, which is very close to our initial targets (respectively 90% and 10%). In terms of 22 

education, 8% of mothers were illiterate (target 7%), 10% had a primary level of education 23 

(target 11%), 47% had a secondary level of education (target 54%) and 36% had a degree or 24 
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above (target 28%). The final distribution is slightly skewed towards highly educated 1 

mothers, although our sample is very close to target in terms of the proportion of the less 2 

educated mothers (illiterate and primary), and therefore more representative of diversity 3 

than many previous CDI standardizations.   4 

In terms of geographical areas, Table A4 in the Appendix displays the proportion of 5 

children in each governorate, as well as the estimated distribution of the population across 6 

governorates. As planned, most of the children (67%) live in Amman, Irbid and Zarqa, with 7 

all other areas containing between 1 and 7% of the population (no families from At-Tafileh 8 

could be recruited).  9 

Most parents who filled in the CDI were mothers (81%). Because of the interaction 10 

between reporter gender and child gender found in the Arabic CDI Toddler, where fathers 11 

were found to over-report boys’ language skills, we inspected the CDI scores as a function of 12 

reporter and child gender (Table 11). Both mothers and fathers appeared to be in 13 

agreement when reporting boys and girls’ data, with a slight advantage for girls, for both 14 

vocabulary count and sentence complexity. Therefore, contrary to the Arabic CDI Toddler 15 

data where only data from female reporters were kept, here all data were retained. The 16 

distribution of child gender in each age bin is displayed in Table 4 (right part).  17 

------------------  18 

Insert Table 11 here  19 

--------------------  20 

Palestine Descriptive Data  21 

Of the 295 Palestinian children, 78% lived in urban areas, 20% in rural areas, and 2% 22 

in camps. We had more participants from the West Bank (64%) than Gaza (36%), reflecting 23 

the population distribution. In the West Bank 70% lived in urban areas (target 75%), 29% in 24 
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rural areas (target 25%) and 1% in camps. In Gaza, 92% lived in urban areas (target 100%), 1 

versus 4% in rural areas and 4% in camps. In terms of geographical areas, Table A5 in the 2 

Appendix displays the proportion of children in each governorate, as well as the estimated 3 

distribution of the population across governorates. Overall, our distribution reflects the 4 

population distribution: 34% of our sample live came from the three most populated 5 

governorates (Gaza, Hebron and Jerusalem, which represent 37% of the population), with 6 

representation from every other area.   7 

In terms of maternal education, 17% of mothers had a primary level of education, 8 

54% had a secondary level, and 28% had a degree or above. Only two (0.7%) illiterate 9 

mothers were recruited (our target was 5%). This distribution is broadly similar in the West 10 

Bank and Gaza. We reached our targets to have more mothers with secondary education 11 

than degree (targets were 56% and 25% respectively) and close to target for the proportion 12 

with a primary education (target 14%).   13 

Most parents who completed the CDI were mothers (87%). To provide a comparison 14 

for what had been observed for the Arabic CDI Toddler in Jordan, Table 11 provides the 15 

word production and sentence complexity scores reported by mothers and fathers for boys 16 

and girls. Visual inspection does not suggest any interaction between reporter gender and 17 

child gender. Table 5 (right part) displays the distribution of girls and boys per age bin in the 18 

Palestinian sample.  19 

Egypt Descriptive Data  20 

Of the 830 newly recruited families, 61% lived in rural areas (target 50%) and 39% in 21 

urban areas (target 50%). About 64% lived in Lower Egypt (target 67%) versus 36% in Upper 22 

Egypt (target 33%), which reflects the demographic of the country. In terms of geographical 23 

areas, Table A6 in the Appendix displays the proportion of children in each governorate, as 24 
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well as the estimated distribution of the population across governorates. Although we did 1 

not manage to cover all governorates of Egypt, and sometimes overrepresented some areas 2 

as compared to the demographics of the country (e.g. Ismailiya, Fayyoum), we achieved 3 

overall a fair representation of the Lower/Upper Egypt divide and the urban/rural 4 

distinction. As in Study 1, due to the relative sizes of the three countries, it was less easy to 5 

cover the full geographical spread in Egypt.  6 

In terms of maternal education, 20% of all mothers were illiterate (target 25%), 10% 7 

of mothers had a primary level of education (target 8%), 53% had a secondary level (target 8 

44%), and 18% had a degree or above (target 22%). The distribution of maternal education 9 

between rural and urban areas can be found in Table 12, together with the original targets. 10 

Inspection of the table shows a remarkable fit between the target distribution and the 11 

current sample.   12 

--------------------  13 

Insert Table 12 here  14 

--------------------------  15 

Most parents who filled in the CDI were mothers (91%). As in Jordan and Palestine, 16 

visual inspection of these data (Table 11) did not reveal any interaction between these two 17 

factors. Table 7 (right part) displays the distribution of girls and boys per age bin in the 18 

Egyptian sample.  19 

Comparison of the Three Datasets: Egypt, Jordan and Palestine  20 

Can we produce a single set of norms for the three countries? To answer this 21 

question, we would need to show that the factor “country” does not explain a significant 22 

part of the variance on the CDI scores, once age, gender, environment and maternal 23 

education have been accounted for. Table 13, which summarizes the descriptive data for 24 
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each country, shows that the socio-economic circumstances in Jordan and Palestine are 1 

rather similar to each other but differ from Egypt (majority of urban population in Jordan 2 

and Palestine, higher level of education).   3 

------------------------  4 

Insert Table 13 here  5 

-----------------------------  6 

Overall, 8.1% of children were reported to not combine words yet (in which case 7 

parents were not asked to complete the sentence complexity and language use sections), 8 

with proportions similar for the three countries (χ2 (2, 1434) = 5.79, p = .055). Figure 8 shows 9 

the proportion of these children as a function of age and country. As would be expected, at 10 

least in Egypt and to some extent in Palestine, parents are more likely to report no word 11 

combination for the younger children. Responses for Jordan appear to be evenly distributed 12 

across ages, but it must be remembered the relative smaller number of responses overall 13 

for Jordan and Palestine as compared to Egypt. For a clinical use of the Arabic CDI Child, it 14 

will be advised to refer any child who does not combine words yet from the age of 30 15 

months (which is the minimal age in our data). In what follows, all analyses were conducted 16 

on the subset of children reported to combine words (N = 1328).   17 

-----------  18 

Figure 8 here  19 

-----------------  20 

A regression analysis on word production scores with age, gender, maternal 21 

education (1, 2 and 3 for primary, secondary and tertiary), environment and country (each 22 

country coded as a dummy variable and Egypt set as the baseline) revealed a significant 23 

model (R2 = .121, F(6,1321) = 30.19, p < .001), with every factor but child gender contributing 24 
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significantly (see Table 14). The direction of predictions was as expected for age and 1 

education, with children with more educated mothers reported to produce more words. As 2 

was found in Study 1, there was a trend for women in rural areas to report more words than 3 

those in urban areas. Finally, children in Jordan were reported to know more words than 4 

those in Egypt and Palestine, who did not differ from each other.  5 

---------------------------  6 

Insert Table 14 here  7 

------------------------------  8 

A regression analysis on sentence complexity scores with the same variables as 9 

above revealed a significant model (R2 = .155, F(6,1321) = 40.36, p < .001), with all factors 10 

but gender and maternal education contributing significantly (see Table 14). Environment 11 

effects were similar to what was observed for word production. However, differences 12 

between countries were due to Egyptian children being reported to know more complex 13 

sentences than children in Jordan and Palestine, who did not differ from each other. For 14 

language use scores, the model was also significant (R2 = .140, F(6,1321) = 35.76, p < .001), 15 

with all factors but gender and environment contributing significantly. Here the effect of 16 

country was due to Egyptian children scoring lower than those in Jordan and Palestine, who 17 

did not differ from each other (Table 14).   18 

Psychometric properties of the Arabic CDI Child  19 

Word production  20 

As in Study 1, exploratory PCA were run to evaluate whether trends and patterns 21 

could be observed within the 100-word list, followed by McDonald’s omegas to examine 22 

internal consistency. Each word received a score of 0 (not produced) or 1 (produced). 23 
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Analyses were carried out first on the entire dataset (N=1328), with results per country 1 

reported afterwards.  2 

A PCA with the varimax method (SPSS 25.0.02) identified 4 factors using the scree 3 

test (Osborne & Costello, 2009) explaining 34.05% of the variance, all with an Eigenvalue 4 

between 2.57 and 21.70. Factor 1, which represented mostly cognitive and emotion words 5 

(e.g. believe, curious), was comprised of 46 items explaining 13.5% of the variance with 6 

factor loadings from .333 to .657 (they were known by 42.8% of children). Factor 2, mainly 7 

containing food words (e.g. cook, wash), was represented in 23 items, explaining 9.2% of 8 

the variance, with loadings from 0.301 to 0.620 (known by 74.0% of children). Factor 3, 9 

containing mainly body words (e.g. head, cough) comprised 20 items, explaining 7.2% of the 10 

variance with factor loadings from .308 to 0.556 (known by 82.2% of children). The last 11 

factor grouped 8 words and explained 4.1% of variance (loadings from 0.301 to 0.797) with 12 

no obvious similarities (known by 68.6% of children). This suggests the possibility to shorten 13 

the word list to less than 100 words using semantic categories, and focusing on difficult 14 

categories such as emotions and cognition.   15 

McDonald’s omega for the full dataset was 0.963, indicating acceptable internal 16 

consistency (Jordan: 0.969; Palestine: 0.977; Egypt: 0.955).  17 

Grammatical complexity  18 

Each sentence received a code of 0 (simple version produced) or 1 (complex version 19 

produced). The scree plot of a varimax PCA for the full dataset produced two main factors 20 

with an Eigenvalue of 9.19 and 1.35 explaining 45.8% of the variance. The first component 21 

comprised 15 items and explained 26.1% of the variance (factors loading 0.427 to 0.718), 22 

while the second comprised 8 items and explained 19.7% (0.482 to 0.715). Inspection of the 23 

data revealed that the main distinction between the two components is the number of 24 
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morphemes in the simple version (4.53 in the first component, and 2.75 in the second) and 1 

in the complex version (7.2 in the first component versus 3.88 in the second). The first 2 

component primarily contains changes in subordinates, complements and tenses, whereas 3 

the second component comprises changes in internal clause structure (e. g. negation, wh-4 

question, subject dropping). Ratings for the first component are lower than for the second 5 

one (50.9% of responses for the first component are for the complex version, versus 71.8% 6 

for the second component). McDonald’s omega for the full dataset was 0.933, indicating 7 

acceptable internal consistency (Jordan: 0.913; Palestine: 0.933; Egypt: 0.936).  8 

Language use  9 

Each statement received a code of 0 (no) or 1 (yes). The scree plot of a varimax PCA 10 

for the full data set produced two main factors with an Eigenvalue of 1.15 and 3.86 11 

explaining 45.5% of the variance. The first component comprised 8 items and explained 12 

25.3% of the variance (factors loading 0.434 to 0.671), while the second comprised 3 items 13 

and explained 20.4% (0.616 to 0.760). The second group contained the first 3 questions of 14 

the list, and they scored higher (88.0%) than the next 8 ones (60.0%), with no obvious 15 

grouping other than position in the list. It must be remembered that this part is the last one 16 

in the Arabic CDI Child, therefore that might be simply a fatigue effect. Results per country 17 

are very similar with 2 main components identified on the scree plot (Egypt: Eigenvalue 18 

above 1.22, 46.0% variance; Jordan: 1.23, 43.7%; Palestine: 1.11, 47.2%). McDonald’s omega 19 

for the full dataset was 0.811, indicating acceptable internal consistency (Jordan: 0.783; 20 

Palestine: 0.826; Egypt: 0.811).  21 

Comparison between the three sections  22 

As can be seen in Table 15, all three sections correlated with one another, even after 23 

controlling for age. That was the case when all data were collated, and for each country 24 
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individually. Similar results are found in each country (all correlations, bivariate or partial 1 

when controlling for age, are significant to 0.01).   2 

----------  3 

Table 15 here  4 

--------------  5 

Norms of Arabic CDI Child Scores for Arabic-Speaking Children Aged 30 to 48 6 

Months  7 

Given the complexity of the effect of countries on the different datasets, we decided 8 

to calculate norms for each country separately. Norms for each country and measure were 9 

developed in the same manner as above, by calculating the deciles of each measure, as well 10 

as the 16th percentile, and then modelling each quantile independently with a binomial 11 

generalized linear model. Figure 9 indicates the norms for productive vocabulary, where 12 

proportion of words produced in Egypt, Jordan and Palestine can be seen in (A), (B) and (C) 13 

respectively. Immediately apparent is that there is a larger spread in the Palestine scores 14 

than in the other two countries.  15 

-------------  16 

Figure 9 here  17 

--------------------  18 

Similarly, norms for the complex sentences can be seen in Figure 10. Here we can 19 

see that the overall norms for Jordan and Palestine look similar, but Egypt has a higher 20 

mean and more rapid slope.  21 

------------  22 

Figure 10 here  23 

-----------------------  24 
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Finally we also see that the language use score shows a difference between Egypt 1 

and the other two countries, displayed in Figure 11. Egypt shows a much greater spread 2 

between deciles, where a tighter fit is shown in the other two countries.  3 

---------------  4 

Figure 11 here  5 

-------------------  6 

  7 

Discussion of Study 2  8 

This second study aimed at developing and standardizing an Arabic version of the 9 

CDI-III (Fenson et al., 2007) across Jordan, Palestine and Egypt, for children aged 30 to 48 10 

months, with the idea to produce a single set of norms. Effects of child gender and socio-11 

economic circumstances were also examined in light of the results of Study 1, which showed 12 

robust effects of these factors on vocabulary scores with the CDI Toddler. The interaction 13 

between parent reporter gender and child gender which was observed with the CDI Toddler 14 

was also briefly examined here. A last objective was to determine whether we could avoid 15 

ceiling effects which are not uncommon in CDI-III tools (Fenson et al., 2007; Garcia et al., 16 

2014; Kas et al., 2022), by using an approach similar to that developed by Eriksson (2017) in 17 

Swedish.   18 

Results showed that the production of single norms across the three countries was 19 

not possible. In principle however, collating data across two countries could have been an 20 

option, but the pairing varied from one section to the next: for the vocabulary production 21 

component of the CDI Child, Egyptian and Palestinian datasets were similar, whereas for 22 

grammar and language use, Jordanian and Palestinian datasets were similar. To avoid 23 

complexity, we decided to produce norms for each country separately.   24 
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As for Study 1, the socio-economic profile of the mothers was different in Egypt than 1 

in the other countries, reflecting the population characteristics of these countries. The 2 

striking difference in the data was that there was no effect of maternal education in Egypt 3 

for the grammar and language use section, whereas such an effect was found in the two 4 

other countries. Exactly like in Study 1, this is likely to be due to an experimenter effect: 5 

harder to reach families (because of the rurality and/or their education level) were more 6 

likely to require face-to-face help from the experimenters when filling in the forms, and 7 

Study 1 showed that this seemed to result in higher scores than when parents did not 8 

require any support. For the CDI Child, four times more families were in that situation in 9 

Egypt than in the two other countries, probably resulting in the experimenter effect 10 

compensating for the maternal education effect.   11 

Another, related, result was that children in rural areas were reported to know more 12 

complex sentences and have a more advanced use of language than those in urban areas, in 13 

the three countries. A similar effect (for vocabulary) was also observed with the CDI Toddler, 14 

and as before, the most reasonable explanation is that it is due to the aforementioned 15 

experimenter effect, that is, the fact that filling in the CDI with a research assistant results in 16 

higher scores than without, as most face-to-face support was provided in rural areas.   17 

Contrary to Study 1, no effect of child gender was found with the Arabic CDI Child, 18 

which contrasts with our results with the Arabic CDI Toddler, but is not uncommon in CDI-19 

IIIs (see Table S4 in Supplemental material), suggesting that from the age of 36 months, 20 

boys’ production tends to catch up with girls’ (e.g. Cadime et al., 2021; Simonsen et al., 21 

2014).   22 

In addition, contrary to Study 1, there was no tendency for fathers to over-report 23 

their sons’ language skills. If anything, both mothers and fathers tended to report higher 24 
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scores for girls than for boys (although not consistently). The fact that the reporter gender 1 

effect was restricted to children aged 8 to 30 months suggests that perhaps fathers spend 2 

more time with their child as they grow older, so that their expectations about their sons’ 3 

achievements can be tempered with knowledge derived from day-to-day interactions.   4 

The resulting norms (provided in the Appendix, and figures 9 to 11) show no 5 

evidence of a ceiling effect for word production, which is a positive outcome given that we 6 

adopted Eriksson’s (2017) approach for choosing words according to four semantic 7 

categories that have been showed to populate slowly during development. However, a 8 

ceiling effect was observed for sentence complexity in Egypt (Figure 10a) and language use 9 

in Palestine (Figure 11c). It must be noted that this effect has been found too in other CDI-III 10 

versions, especially for the grammar sections (see Table S4). However, as a whole, the 11 

combinations of the three scores (word production, sentence complexity and language use) 12 

should provide informative evidence of children’s language skills between 30 and 48 13 

months.  14 

General Discussion  15 

The challenging task of developing and norming two CDIs in three different Arabic 16 

dialects was rewarded by two main results: first, the two CDIs were found to have excellent 17 

psychometric properties. For the Arabic CDI Child, reliability was established through test-18 

retest, McDonald’s omegas, and between-scale correlations, whereas validity was 19 

successfully assessed by concurrent validity (see Abdelwahab et al., 2021, for the Arabic CDI 20 

Toddler). Word production scores showed no evidence of ceiling effects across the two 21 

CDIs. Second, and most importantly, a pan-Arabic lexeme approach proved to be successful 22 

to some extent, with common norms being calculated for Jordan and Palestine for the 23 

Arabic CDI Toddler. The fact that Egyptian data needed to be processed separately from the 24 
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Jordanian and Palestinian ones reveals two things: first, it suggests that for a pan-Arabic 1 

lexeme approach to work, the population profile of the countries must be as aligned as 2 

possible, in terms of stratification of adult education. Statistics can of course account for 3 

differences in SEC across countries, so in theory it should not be an obstacle to producing 4 

similar norms. But what unexpectedly happened is that the greater need for face-to-face 5 

data collection in Egypt, where a larger proportion of parents have received little education 6 

and/or live in remote areas, created a source of bias in reporting language skills, as was 7 

apparent in the two CDIs. This experimenter effect should not be taken lightly not only for 8 

future CDI standardization projects, but also for clinical use. Indeed, children of mothers 9 

who have received little education might require support in filling in the CDI, which might 10 

lead to overinflated scores due to social desirability bias, with important consequences for 11 

clinical decision making. Another issue to consider is whether the CDI word list is sufficiently 12 

representative of the language of children from various SES background, and whether it 13 

biases against working class families (Figueroa, 2024). We have tried to mitigate for this by 14 

piloting our word lists with a wider range of families and included variants of the lexemes 15 

wherever users suggested these. A limitation to this study is that data collection started 16 

during the Covid pandemic, especially for the Arabic CDI Toddler which started 6 months 17 

earlier than the Arabic CDI Child. During the pandemic, access to preschools and nurseries 18 

were mainly restricted, with many parents working from home or losing their jobs. 19 

Kartushina et al. (2022) collected CDI data from 13 different countries at the start and the 20 

end of lockdowns, and found that as a whole, children’s language benefitted from daily 21 

parental presence. However, the self-selected sample was primarily parents with university 22 

education who probably engaged even more than usual in language-rich shared reading and 23 

screen activities. In contrast, Davies et al. (2021) compared 8-36-month-old children who 24 
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continued to attend early childhood settings during the restrictions to those who stayed at 1 

home, and found that the former over-performed the latter in terms of language skills and 2 

executive functions, and that the gap was especially noticeable for those children from less 3 

privileged socio-economic circumstances. Hence it is likely that the language scores we 4 

collected are lower than they would have been for children who were born outside of the 5 

pandemic era. Therefore, if children in the future are compared to the current norms, 6 

scores on the norms might not represent “typical” non-COVID scores. A child scoring in the 7 

30% percentile in the current norms might have scored lower in non-COVID norms, leading 8 

to a risk in missing the identification of children with language difficulties.   9 

Another limitation is that this tool is not appropriate for assessing multilingual 10 

children. The current norms were calculated for a sample of children not exposed to a 11 

language other than Arabic for more than 10% of the time (or to an Arabic dialect different 12 

from the one used in the country of residence). It must be noted however that the way the 13 

question was formulated does not exclude exposure to other languages outside from home, 14 

so our sample might include children exposed to other languages in preschool settings. CDI 15 

norms for bilingual children are rare: Floccia et al. (2018) designed the UKBTAT for use with 16 

24-month-old bilinguals growing up with British English and an Additional Language, where 17 

CDI scores are adjusted by a measure of relative exposure to each language (see also 18 

bilingual CDIs in Irish-English: O’Toole & Fletcher, 2008; Maltese-English: Gatt, 2007; Welsh-19 

English: Mills et al., 2024). We are currently adapting this approach to Lebanon where 20 

Arabic, English and French co-exist in a large proportion of the population (see Khattab et 21 

al., 2022). In the absence of such norms for Egypt, Jordan and Palestine, a possible approach 22 

advocated for in the UK by Cattani et al. (2014) is to use monolingual norms for children 23 

exposed to Arabic for at least 60% of the time (which can be measured with a language 24 
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exposure tool such as the Plymouth LEQ developed in Cattani et al., 2014), although this 1 

would need empirical testing in this context.   2 

Recommendations for users  3 

For both CDIs, the norms will be implemented on a freely accessible platform, usable 4 

by parents and Early Years professionals to reach an estimate of the percentile ranking of 5 

infants aged 8 to 48 months. The interpretation of results will be slightly different for 6 

parents and professionals who use the platform. Parents will be provided with general 7 

advice, tips, and useful links to professional local support. For professionals, the emphasis 8 

will be on using the CDI as a first step in a triaging process, whereby parental concern and 9 

other factors are also considered and the results of these together with the CDI used to 10 

determine whether further assessment is indicated. In that perspective - keeping in mind 11 

the warnings issued by Eriksson (2022) about the insufficient evidence for the CDIs to be 12 

used as screening tools, but also the pragmatic need for a solution where resources are 13 

scarce - we would initially recommend the conservative cutoff of the 10th percentile to 14 

identify late talkers (Dale et al., 2003; 11th percentile for Heilmann et al., 2005), around the 15 

age of 24 months (range of 18-30 months) for a more accurate predictive value (see Law & 16 

Roy, 2008, for a review). However, to maximize sensitivity, especially given the potential 17 

COVID effects on this norming sample, perhaps a less conservative cutoff of 16th-20th 18 

percentile might be indicated (further empirical study would be necessary to determine the 19 

most appropriate cutoff). Children aged at least 30 months whose parents report no word 20 

combination should be directed towards referral, following well established practice (e.g. 21 

Rudolph & Leonard, 2016).    22 

It must be noted however that not all young children who score low on language 23 

scales or parental reports will grow up with language difficulties, but that the majority of 24 
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children with a diagnosed language disorder will have a history of protracted language 1 

development (Rice & Hoffman, 2015). However, the older children are, the more accurate 2 

the prognosis of persisting language difficulties will be: by 4 years of age a child with low 3 

language ability is highly likely to have persisting difficulties (see McKean et al., 2017), 4 

whereas low language skills at age 2 do not accurately predict children’s skills at age 4 (Reilly 5 

et al., 2010).   6 

This raises the more general question of the sensitivity of the CDI, or for that matter, 7 

any language assessment tool in the early years. Spaulding et al. (2006) reviewed 43 tests of 8 

early language development and found that measures of specificity and sensitivity were 9 

reported only for 9, with only 5 reaching a satisfactory level of sensitivity. McKean et al. 10 

(2017) indicated that language difficulties at age 4 was a better predictor of language skills 11 

at age 7, than language abilities at age 2, which points to the individual variability of 12 

language skills and outcomes in the early years. This does not mean that it is not useful to 13 

monitor language skills before the age of 4. The tools have a place within a public health 14 

approach enabling identification of those with other risks, such as socio-emotional 15 

difficulties, poor social communication skills and high parental concern who should receive 16 

specialist support; those without those other risks but low language development who 17 

should be monitored; and families who would benefit from advice regarding language 18 

enriching strategies (McKean & Reilly, 2023). The development of online/remote CDIs at 19 

multiple ages may allow this monitoring to be conducted in a cost-effective manner.  20 

  21 
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Figure Captions 1 

 2 

Figure 1. The data from an additional 403 children were discarded as they did not live in the 3 

target countries (total 3084 children). Age range was from 7.5 months to 30.4 months. Dev 4 

delay: diagnosed developmental delay as reported by the parent. Hearing: hearing 5 

difficulties as reported by the parent. Multiling: more than 10% exposure to another 6 

language than Arabic. Diff dialect: if at least one of the parents uses another dialect than the 7 

country’s dialect. Note that for Jordan, both Palestinian and Jordanian dialects were 8 

included. Father report: if the CDI was filled in by the father. 9 

 10 

Figure 2. Current Egyptian dataset for Arabic CDI Toddler, with word comprehension (top) 11 

and production (bottom) scores as a function of age and maternal education.  12 

 13 

Figure 3. Egyptian dataset from Abdelwahab et al. (2021) for the Arabic CDI Toddler, with 14 

word comprehension (top) and production (bottom) scores as a function of age and 15 

maternal education.  16 

 17 

Figure 4. Norms from the Jordanian and Palestinian Arabic CDI Toddler dataset, for 18 

comprehension and production scores over age in months. Each line indicates a binomial 19 

model fit to the decile, where the solid black line indicates 50th percentile, and the red one 20 

the 16th percentile.  21 

 22 

Figure 5. Arabic CDI Toddler data for Egypt, comprehension (top) and production (bottom) 23 

scores as a function of age and maternal education.   24 
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 1 

Figure 6. Norms from the Egyptian Arabic CDI Toddler dataset, for comprehension and 2 

production scores over age in months. Each line indicates a binomial model fit to the decile, 3 

where the solid black line indicates 50th percentile, and the red one the 16th percentile.  4 

 5 

Figure 7. The data from an additional 102 children were discarded as they did not live in the 6 

target countries (total 2153 children). Age range was from 29.5 months to 48.4 months. Dev 7 

delay: diagnosed developmental delay as reported by the parent. Hearing: hearing 8 

difficulties as reported by the parent. Multiling: more than 10% exposure to another 9 

language than Arabic. Diff dialect: if at least one of the parents uses another dialect than the 10 

country’s dialect. Note that for Jordan, both Palestinian and Jordanian dialects were 11 

included.  12 

 13 

Figure 8. For the Arabic CDI Child and for each country, proportion of children who do not 14 

produce word combination according to parental report, per age bin (30 to 33 months, etc).   15 

 16 

Figure 9. Arabic CDI Child, norms for productive vocabulary scores split into deciles for (A) 17 

Egypt, (B) Jordan, and (C) Palestine. Each line indicates a binomial model fit to the decile, 18 

where the solid black line indicates 50th percentile and the red one the 16th percentile.  19 

Figure 10. Arabic CDI Child, norms for complex sentence use scores split into deciles for (A) 20 

Egypt, (B) Jordan, and (C) Palestine. Each line indicates a binomial model fit to the decile, 21 

where the solid black line indicates 50th percentile and the red one the 16th percentile.  22 
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Figure 11. Arabic CDI Child, norms for language use scores split into deciles for (A) Egypt, (B) 1 

Jordan, and (C) Palestine. Each line indicates a binomial model fit to the decile, where the 2 

solid black line indicates 50th percentile and the red one the 16th percentile.  3 

 4 
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Content of the Supplemental Material  1 

Details of the population stratification process in Egypt, Jordan and Palestine (including 2 

Figures S1 to S3).  3 

Summary of the main features of the language adaptations of the CDI-III, listed 4 

chronologically (Table S4)  5 

Arabic CDI Toddler and Child 6 

 7 


