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Abstract 

Previous studies have found that phonological processing and vocabulary predict word 

reading. However, their predictive powers may vary according to reading experience and 

across scripts with different levels of transparency. In this study, the relationship between 

phonological processing, decoding, vocabulary and word reading was explored in two 

different alphabetic languages: Persian (a non-Latin script) and Swedish (a Latin script). 

Standardised tests in both languages were used. Participants comprised 26 Persian- 

Swedish bilingual (biscriptal) children in school grades 4–9. Rapid automatic naming 

(RAN), phonological and semantic fluency, non-word reading and vocabulary were all 

significantly associated with word reading in Persian, whereas phonemic awareness, 

RAN, phonological fluency and non-word reading were significantly associated with 

word reading in Swedish. The findings have been compared with previous research and 

the educational implications are discussed. 

Keywords: phonological processing, phonemic awareness, RAN, non-word reading, 

vocabulary,  word reading predictors, predictors, and bilingual biscriptal children.   

Alphabetic scripts vary in level of transparency and syllabic structure. A shallow orthography 

has a consistent one-to-one correspondence between graphemes and phonemes, whereas a deep 

orthography has an inconsistent relationship, and each grapheme could correspond to one or 

several phonemes. Decoding is considered to be the first important step in early reading 

development and involves sounding out letters by mapping each grapheme onto its 

corresponding phoneme. Decoding words can be more difficult and develop more slowly for 

children in deep orthographies regarding inconsistencies (Seymour, 2003). Syllabic structure 

could also play an important role (particularly in non-word reading) in decoding. It is more 

challenging to acquire the grapheme-phoneme correspondence rules in a language with a 

complex syllable structure with many closed syllables, initial and final consonant clusters, 

compared to languages with a simple syllable structure with few consonant clusters and open 

syllables (Seymour, 2003). 

A number of linguistic skills are important and are involved in reading, “such as parsing, 

bridging and discourse building; decoding in the absence of these skills is not 

https://nflrc.hawaii.edu/rfl 
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reading….decoding is also of central importance in reading, for without it, linguistic 

comprehension is of no use” (Hoover and Gough, 1990: 128). Thus, poor decoding can also lead 

to poor reading comprehension (Nation, 2006), which subsequently has a negative effect on 

children’s reading achievements in different subjects at school. 

Factors such as orthographic depth and reading experience can impact on the power of linguistic 

abilities that predict word reading attainment (Bowey, 2005). A growing body of research has 

examined phonemic awareness and rapid automatic naming (RAN) and how they may predict 

bilingual children’s word reading across different orthographies (e.g., Bellocchi, et al., 2017; 

Ziegler, et al., 2010). An analysis of bilingual children’s linguistic abilities related to word 

reading in both languages can be enlightening as different scripts can be compared in the same 

group, which is not possible in cross-language studies (e.g., Vaessen et al., 2010; Everatt et al., 

2010). Most previous studies have focused on bilinguals reading in one of the languages (e.g., 

Chiappe et al., 2002). Studies exploring bilingual reading development in the participants with 

two languages have either analysed two non-Latin scripts such as Arabic and Hebrew (e.g., 

Bishara & Weiss, 2017), two Latin scripts such as English and Spanish (e.g., Miller et al., 2006), 

or one alphabetic and one non-alphabetic script such as English and Chinese (e.g., Tong & 

McBride-Chang, 2010). English is often one of the languages (either first language (L1) or 

second language (L2)) chosen in many studies (e.g., Pasquarella et al., 2014). Most of these 

studies have used non-standardised tests in one of the languages (e.g., Arab-Moghaddam and 

Sénéchal, 2001). 

Furthermore, most research has focused on children in the early stages of reading acquisition 

(i.e., up to Grade 2) (e.g., Caravolas et al., 2012). More research is needed on bilingual children’s 

reading across different school grades and in the later stages of reading development. There is 

also a need to expand our knowledge on what may contribute to bilingual reading development 

for students learning to read in scripts that are more diverse, as is the case in, for example, Latin 

and non-Latin scripts. 

This study explored phonological processing, decoding, vocabulary and their associations with 

word reading in a group of Persian-Swedish bilingual (biscriptal) children in school grades 4 to 

9. Standardised tests were used for all measures in each language, respectively. In the schools,

the participants’ teaching language was Swedish and they were given only one hour of Persian

mother tongue instruction per week.

Regarding orthographic depth, Swedish is considered a semi-transparent script, while Persian 

varies in levels of transparency. Vowelised Persian (short vowels marked by diacritics) is 

considered to have a shallow orthography, while the devowelised form is considered to have an 

opaque orthography (short vowels are not marked by diacritics in texts). This study may expand 

previous research by analysing the associations between phonemic awareness, RAN, 

phonological and semantic fluency, non-word reading, vocabulary and word reading in these two 

orthographies. 

The paper considered one of the most dominant models in word reading. The relationships 

between phonological processing, decoding, vocabulary and word reading were studied across 

languages with different orthographic depths and in both monolingual and bilingual children. 
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Following this, reading acquisition across different orthographies and characteristics of Persian 

and Swedish orthographies are discussed. 

Dual-route model 

One of the most influential word reading models is the dual-route model. Coltheart (2005) 

viewed word reading as a process that entails transforming letter strings into phonological codes 

or meaning. The dual-route theory suggests that two main routes are used in word reading: the 

phonological and the orthographic routes. The phonological route is a prerequisite for reading 

acquisition and is probably more effective for recognising non-words or unfamiliar words as they 

can be decoded through a phonological system that involves applying the grapheme-phoneme 

correspondence rules for translating print into pronunciation. The orthographic route is more 

effective and assists reading processes by mapping the print to semantic representations, 

particularly in reading familiar words, and is important for recognising irregular words (Castles, 

2006; Coltheart et al., 2001). The self-teaching hypothesis (e.g., Share, 1995) further developed 

the dual-route model by explaining how the phonological route could contribute to the 

development of the orthographic route. According to this hypothesis, word reading primarily 

relies on applying the grapheme-phoneme correspondence rules (i.e., using the phonological 

route), which develops and becomes more “lexicalised” during reading acquisition with more 

reading experience and increased orthographic knowledge. Thus, children gradually move from 

this demanding phase to a more effective reading strategy in which they store and access 

orthographic information that is specific to each word. In such cases, the rapid and accurate 

acquisition of orthographic representations is important. The ability to effectively use graphic- 

phoneme correspondence considerably influences the acquisition of orthographic 

representations. Share (1995) argued that successful decoding is primarily important in reading 

words that lead to the development of orthographic knowledge through reading experience, as 

well as the development of knowledge such as the expansion of syntax, semantics and 

pragmatics. Orthographic and linguistic knowledge play important roles during the decoding of 

ambiguity. On the orthographic route, the reader recognises whole words or segments of words 

in a mental orthographic lexicon, including lexical spelling information about a word (Coltheart, 

2005). In line with this view, Nation and Castles (2017) argued that the effect of phonological 

decoding on reading decreases with the print experience, while the influence of orthographic 

access increases. 

Phonological processing and word reading 

Researchers have investigated different aspects of phonological processing in relation to word 

reading. In a meta-analysis, Melby-Lervåg and colleagues (2012) reviewed the role of implicit 

and explicit phonological skills, such as phonemic awareness (PA), rime awareness (RA) and 

phonological memory, and their associations with children’s word reading development. Implicit 

skills include RAN tasks, which require rapid retrieval of stored lexical representations related to 

some stimuli, such as rapid naming of objects, digits, colours or letters (Wolf & Bowers, 1999). 

However, explicit tasks, such as phonemic awareness and rime awareness, require the analysis of 

a word’s phonological structure and the ability to manipulate phonemes in words (Melby-Lervåg 

et al., 2012). Phonemic awareness refers to awareness of a word’s phonological representations 

and the ability to manipulate the position of phonemes to create new words (Wren, 2000). 

Studies on word reading development have pinpointed letter knowledge (LK), phonemic 
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awareness and RAN to be solid predictors of early word reading (Wolf & Bowers, 1999; Wren, 

2000; Muter et al., 2004; Lervåg, Bråten, & Hulme, 2009; Caravolas et al., 2012). LK refers to 

naming letters and understanding different graphic representations of letters, as in upper and 

lower cases. This knowledge, when combined with learning the grapheme-phoneme 

correspondences, comprises part of the alphabetic principle (Puranik et al., 2011; Wren, 2000; 

Melby-Lervåg et al., 2012). Melby-Lervåg et al., (2012) identified phonemic awareness making 

a significant contribution to individual variation in early word reading development when 

controlling for rime awareness and verbal short-term memory. They also found that once 

children get some reading practice, knowledge of printed words could further assist the 

development of phonemic awareness (Melby-Lervåg et al., 2012). RAN is also a unique 

longitudinal predictor of word reading development (Caravolas et al., 2012). Some scholars have 

also claimed that phonemic awareness is related to reading accuracy, while RAN mainly 

contributes to reading speed (e.g., Moll et al., 2014). 

Many studies have mainly focused on English orthography. The generalisability of these studies 

to other languages with more shallow orthographies has been questioned (Share, 2008). In recent 

decades, scholars have studied how various aspects of phonological processing predict reading in 

different scripts. 

Phonological processing, decoding, vocabulary and word reading in different orthographies in 

monolingual and bilingual children 

Phonemic Awareness (PA). Studies of monolingual children suggest that phonemic awareness’ 

contribution to word reading varies depending on the orthographic depth (for reviews, see, for 

example, Sadeghi & Everatt, 2018). The research that explored the effect of phonemic awareness 

on word reading in shallow orthographies have demonstrated that there is a significant predictor, 

particularly in early reading acquisition (Caravolas et al., 2012; Ziegler et al., 2010; Vaessen et 

al., 2010; Moll et al., 2014). However, its predictive power decreases after early reading 

development in shallow orthographies, while it continues to be important in deep orthographies 

(Roman et al., 2009; Ziegler et al., 2010; Caravolas et al., 2012; Sadeghi & Everatt, 2018). For 

example, Furnes and Samuelsson (2010) showed that the predictive influence of phonological 

awareness decreases after grade 1 in Norwegian and Swedish, while its effect remains in English. 

The same pattern has been observed in bilingual reading development. For example, Bellocchi 

and colleagues (2017) found that phonemic awareness in Italian was not a significant predictor 

after grade 1, whereas it has been shown to be a significant predictor in deep orthographies, such 

as English, in upper grades (Saiegh-Haddad & Geva, 2008). 

Studies of non-Latin alphabetic scripts in monolingual Arabic and Persian, regardless of whether 

a vowelised or non-vowelised script was used which could impact the level of orthographic 

transparency, found that phonemic awareness significantly influenced word reading accuracy in 

Arabic from pre-school to age 11 (Taibah & Haynes, 2011; Abu‐Rabia, 1995) and word reading 

speed in Persian from grades 2–5 (Sadeghi et al., 2016). However, after Sadeghi and colleagues 

(2016) had controlled for grades, neither a significant nor a strong relationship was found 

between phonemic awareness and word reading speed, implying that the influence of phonemic 

awareness on reading speed decreased with later reading development. In addition, studies have 

shown that the effect was greater when word reading accuracy was investigated compared with 

word reading speed (Elshikh, 2012; Saiegh-Haddad, Geva, 2008). Studies of Arabic bilinguals 
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found that the effect of phonemic awareness can also vary depending on the nature of the tasks 

(Farran, 2012). 

Rapid Automatised Naming (RAN). Some studies have shown that RAN plays a more important 

role in word reading in shallow compared to deep scripts (De Jong & Van der Leij, 1999; 

Georgiou et al., 2008; Landerl & Wimmer, 2008). Nevertheless, an analysis of previous research 

indicated that RAN is a powerful predictor of word reading, regardless of the level of 

transparency, in the reading development of both monolinguals (Moll et al., 2014; Vaessen et al., 

2010; Lervåg et al., 2009; Caravolas, et al., 2012) and bilinguals (Bellocchi, Tobia, & Bonifacci, 

2017; Comeau et al., 1999; Erdos, et al., 2010). Some scholars have argued that RAN contributes 

more to reading speed than reading accuracy (e.g., Moll et al., 2014) and that alphanumeric tasks 

(digits/letters) may be more influential than non-alphanumeric tasks (colours/objects) in relation 

to word recognition (Lervåg et al., 2009; Schatschneider et al., 2004). These claims have been 

tested in cross-linguistic studies. For example, Ziegler and colleagues (2010) found a weak or 

non-existent relationship between non-alphanumeric RAN and word reading speed in Latin 

scripts with different orthographic depths (Ziegler, et al., 2010). 

A stronger correlation between alphanumeric RAN and word reading compared to non- 

alphanumeric RAN and word reading has also been observed among non-Latin scripts in Arabic 

and Persian monolingual (Taibah & Haynes, 2011; Smythe et al., 2008) and bilingual studies 

(Gholamain & Geva, 1999; Elshikh, 2012), regardless of whether word accuracy or speed was 

examined. 

Phonological decoding. Phonological decoding is a prerequisite for learning the orthographic 

representations of words (Share, 1995) and in subsequently establishing an orthographic lexicon 

(Marinelli et al., 2015). Previous research and meta-analysis supported a strong correlation 

between phonological decoding (non-word reading) and word reading in scripts with different 

orthographic depth in monolinguals (Swanson et al., 2003; Lervåg et al., 2009; Vaessen et al., 

2010; Høien-Tengesdal & Tønnessen, 2011; De Jong & Van der Leij, 1999) and bilinguals 

(Swanson et al., 2008; Erdos, et al. 2010) across different grades. This is also in line with Persian 

and Arabic monolingual (Smythe et al., 2008; Mannai & Everatt, 2005; Taibah & Haynes, 2011; 

Abu‐Rabia, 1995; Rahbari et al., 2007) and bilingual studies (Gholamain & Geva, 1999; Elshikh, 

2012; Saiegh-Haddad, Geva, 2008; Farran, 2012) in both early and later reading development. 

Vocabulary. Knowledge of vocabulary has been found to facilitate word reading acquisition by 

promoting the connections between orthographic, phonological and semantic representations in 

children’s lexicon (Nation and Snowling, 1998; Plaut et al., 1996). In the word reading process, 

semantic knowledge and orthographic and phonological representations interact with each other 

(Coltheart, 2005). 

Investigations of vocabulary in some Latin script-based studies demonstrated that it was not a 

reliable predictor of word reading in monolinguals (Ziegler, et al., 2010; Caravolas, et al., 2012) 

and bilinguals (Erdos, et al., 2010) in the early reading acquisition stage. However, vocabulary 

was found to contribute to word reading in later reading development in monolinguals (e.g., 

Vellutino et al., 2007) and bilinguals (Proctor et al., 2012) in Latin scripts with varying 

orthographic depths. 
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In contrast to the results from Latin script-based studies, Persian monolingual (Rahbari et al., 

2007; Sadeghi et al., 2016) and bilingual (Arab-Moghaddam & Sénéchal, 2001) studies found 

that vocabulary was an important contributor to reading both vowelised and devowelised words 

in grades 2 to 5. 

Semantic information is regarded as an important element of word reading across different 

orthographies (McBride, 2017). The role of semantics in word reading can partly be understood 

through the role of morphology. Morphemes are defined as the smallest meaningful linguistic 

units in words. Different types of morphemes such as derivational morphemes and inflectional 

morphemes can be added to the roots of words. The rules of morphology vary across different 

languages (McBride, 2017). Studies have shown that good readers also have good knowledge of 

morphology (e.g., Rispens, McBride-Chang and Reitsma, 2008). Understanding derivational 

morphology has been found to correlate with better reading abilities for children in later reading 

development who learn to read in Indo-European languages (Deacon and Kirby, 2004) such as 

Persian and Swedish. Being able to read and understand morphologically complex words is 

particularly crucial for the development of vocabulary knowledge and reading comprehension in 

older children (for a review, see Carlisle & Kearns, 2017). 

Reading development in different orthographies 

Previous studies have shown that reading acquisition varies across orthographies. In a cross- 

linguistic study, Seymour et al. (2003) investigated the differences in early reading development 

in 13 European languages. The analyses demonstrated that word reading develops faster in 

shallow orthographies (e.g., Italian) compared to semi-transparent (e.g., Swedish) and deep 

orthographies (e.g., English). The findings outlined that key linguistic features such as syllabic 

structure and orthographic depth can affect reading development. The representation of 

phonemes in writing also impacted reading acquisition (Seymour, 2005). For example, short 

vowels are only present in Persian and Arabic in the textbooks of lower graders and are then 

removed later from the textbooks. Taibah & Haynes (2011) investigated the transition from 

reading words with diacritics to reading words without short vowels in a group of monolingual 

Arabic children. They found that Arabic monolinguals (pre-school and Grade 1) could read 

vowelised words and that phonemic awareness had a strong influence on word reading at this 

stage. The strong power of phonemic awareness gradually declined from preschool through 

grade 2 when the children shifted to reading words without short vowels. Children from grades 2 

to 3 could recognise words without short vowels and their reading accuracy increased. However, 

phonemic awareness regained significance in the third grade, which the authors explained as 

being related to the importance of mapping graphemes to phonemes when reading words without 

diacritical marks. The authors concluded that children at this stage are forced to depend on 

inadequate phonological information when identifying words and recognising their meanings. 

Characteristics of Persian and Swedish orthographies 

The two languages of interest in this study were Persian and Swedish. Both are alphabetic Indo- 

European languages. Swedish has 29 letters and is a Latin-based script, which is written from left 

to right. Swedish has nine vowels and 20 consonants and all the vowels are represented by 
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letters. Swedish has a semi-transparent script, meaning that some graphemes (e.g., g) can be 

pronounced using different phonemes (e.g., /g/ and /j/) and some phonemes (e.g., /ɧ/) can be 

represented by different graphemes (e.g., stj, sk, skj and sj) (Rosenqvist et al., 2007; “Swedish 

orthography”, 2019). In addition, all except two vowels are written using one letter. /ɛ/ is written 

as ä or e and /o/ is represented by an å or o (Olofsson, 2003). Swedish has a rather complex 

syllable structure (Seymour, et al., 2003) as up to three consonant clusters can be found before 

and/or after vowels ((C) (C) (C) V (C) (C) (C) e.g., språk (language)) (“Swedish”, 2021). 

Persian has 32 letters: 28 letters are in common with Arabic letters and the remaining do not 

exist in Arabic. Persian has a non-Latin script and is written from right to left (Baluch, 2006: 

367). Persian has six vowels (three short vowels and three long vowels). The short vowels are 

written with diacritics and the long vowels are represented by letters (Baluch, 2006). The 

diacritics are only presented to inexperienced readers. They are absent from textbooks after grade 

1 (Rahbari & Sénéchal, 2009) and are not used in regular texts. However, long vowels are 

always written. There is a very consistent relationship between graphemes and phonemes in 

Persian (Baluch, 2006). Each grapheme is only represented by one phoneme (Arab-Moghaddam 

& Sénéchal, 2001). Persian is considered a very shallow script when short vowels are 

represented or when words contain only long vowels and consonants (Baluch, 2006). However, 

words comprising unmarked short vowels are opaque. Thus, Persian has a deep orthography 

when the short vowels are missing. Persian has three syllable structures: CV, CVC and CVCC 

and consonant clusters are only allowed at the end of words (Zarifian et al., 2015) (e.g. ,mard 

(man)), i.e., Persian has a less complex syllable structure than Swedish, which allows up to three 

consonant clusters. For more information about Persian and Swedish orthographies see 

Johansson (2022). 

The study 

Previous studies focusing on the reading development of biscriptal children have either 

investigated two non-Latin scripts, two Latin scripts or one alphabetic and one non-alphabetic 

language. Many studies have analysed either L1 or L2. In studies including both languages, non- 

standardised tests have often been used in one of the languages. Most studies have focused on 

English as L1 or L2. Furthermore, most studies have included children in the early reading 

acquisition phase (i.e., children in Grades 1–2). Linguistic abilities and their relationships to 

word reading have been found to vary across orthographies and reading development. This study 

may offer more knowledge on the reading development of biscriptal children in a non-Latin 

(Persian) and Latin (Swedish) script and how phonological processing, decoding and vocabulary 

are associated with word reading in these two scripts in the later stage of reading development 

(grades 4 to 9). In Sweden, Persian is regarded as one of the top ten most common languages 

spoken by minorities. Around 60% of Persian-Swedish children receive mother tongue 

instruction in grades 1–9 (SOU, 2019). 

https://en.wikipedia.org/wiki/Sj-sound
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Research questions 

The present paper addressed the following research questions: 

1. How do phonological processing, decoding and vocabulary relate to word reading in

Persian in a group of bilingual biscriptal children?

2. How do phonological processing, decoding and vocabulary relate to word reading in

Swedish in a group of bilingual biscriptal children?
3. How do bilingual biscriptal children perform word reading in Persian and Swedish?

The current report was part of a larger project that investigated children’s linguistic abilities and 

writing in Persian and Swedish. This paper mainly explored the relationships among 

phonological processing, decoding, vocabulary, and word reading in these two orthographies. 

Procedure 

After receiving permission from the Swedish Ethical Review Authority (approval number/ID: 

2016/177-31Ö) to conduct this research, the project announcement, including the criteria for 

participating in the study and the possibility to withdraw, was sent out to schools and advertised 

on social media and Persian radio channels in Sweden. About 1200 people, including Persian 

mother tongue teachers, special educational teachers, and school principals were contacted in 

Sweden. Most participants were found on Facebook. The project and the tasks were explained to 

both parents and the participants. Parents provided written informed consent for their children’s 

participation. The older participants also signed informed consent and the younger participants 

gave their oral consent. The time and location of meetings were chosen together with the 

participants and their parents. The meetings took place in schools, homes, and libraries. The 

participants were assessed by the author. The test sessions were divided into two to three 

sessions. Some children, especially the older participants, did not have the possibility to be 

visited three times. Therefore, they did the tasks within one or two sessions. The sessions were 

terminated as soon as the participant got tired or distracted. The Latin square design was used in 

the order of the screening tasks. Participants were randomly assigned to different groups. Some 

started with the screening tasks in Persian and others began with the Swedish tasks. One 

participant in grade 7 did not finish all the semantic fluency tasks in Persian. Therefore, her 

answers were excluded from the analysis of this task in Persian. The rest of the participants 

finished all tasks in both languages. 

Participants 

Eleven Persian-Swedish bilingual children in grades 4–5 and fifteen children in grades 6–9 

participated. The children ranged in ages from 10 to 15 (mean age 12.6) at the time of 

assessment. The sample consisted of 13 girls and 13 boys. All children spoke, understood, read, 

and wrote both Persian (Farsi/Dari) and Swedish. Both parents were Persian L1 speakers. The 

participants spoke mainly Persian at home and received mother tongue instruction at schools 

(around one hour each week). They had attended the Swedish school system for at least three 

years prior to participating in this project. On average, the participants had been in Sweden for 

eight years at the time of testing and had participated in Swedish schools for 5.5 years. Eight  
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participants had started their education in Iran or Afghanistan before they came to Sweden. Two 

children in grade 7 had previously been diagnosed with dyslexia by speech and language 

therapists. For more information about the participants, see Johansson (2022). 

Test materials 

The standardised Persian screening tasks (Kormi-Nouri & Moradi, 2009) (except RAN-digits) 

used in this project were designed for children between 7 to 11 years old (grades 1–5) in Iran. 

Standardised tests in Persian for children in grades 6–9 were not available. Therefore, the tests 

for grade 5 were also used for 6-9 graders. However, the children’s knowledge in Swedish was 

tested according to their school level (grades 4–9). 

In Persian, the manual’s (Kormi-Nouri & Moradi, 2007) Mean (M) and Standard Deviation (SD) 

were only available for grades 4 and 5, and half of the Swedish tests were different for students 

in grades 4–5 and students in grades 6–9. Therefore, the participants were divided into two 

groups: grades 4–5 and grades 6–9. The participants’ M and SD were computed for each group 

separately and were based on participants’ raw scores in each group respectively (see Tables 1 

and 2). 

Measures: Persian and Swedish tasks 

Word reading. The Persian word reading subtest consisted of high to low frequency devowelised 

words. 120 Persian devowelised words (with only one correct answer each) were written on three 

cards (40 words on each card). The words were between 2 to 10 letters long (one to five 

syllables). For each card, the participant was required to read as many words as he/she could 

correctly within 2 minutes. The Cronbach’s alpha for this test was reported 0.98 (Kormi-Nouri & 

Moradi, 2007). 

The Swedish subtest comprised 36 words for students in grades 4–5 (max score = 36) and 46 

words for students in grade 6 or higher (max score= 46). The participant was presented one word 

at a time for 200 milliseconds on the computer screen. The words were from 2 to 12 letters long 

(one to four syllables). The reliability scores provided in the manual were 0.90 for grade 4 and 
0.93 for grade 8. In addition, the validity scores reported were 0.89 (grade 4) and 0.79 (grade 8) 

p= <.001 (Høien, 2007). 

Phonemic Awareness: Phoneme deletion task. The participants listened to 30 Persian words. 

They were instructed to repeat each word without a specified phoneme (e.g., zard (yellow) 

without r). The test was stopped after 2 minutes. The total number of correct responses was 

counted. The maximum score for this task was 30. Cronbach’s alpha was reported 0.96 (Kormi- 

Nouri & Moradi, 2007). 

In Swedish, the Magnusson & Nauclér (1993) task was used for younger children (grades 4 and 

5) and LOGOS (Høien, 2011) for older participants (grades 6-9). The participants were required

to listen to each word and repeat it without a specific phoneme (e.g., film without m). Høien

(2007) reported the reliability score of 0.95 and the validity score of 0.30 (p= <.001) for grade 8.
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Rapid Automatised Naming: RAN-Digit. This test did not exist in Persian. Therefore, the 

Swedish RAN-digit subtest of LOGOS (Høien, 2007) was used in both languages. Five numbers 

were written in different orders on the paper. In order to be able to compare the results between 

languages, the numbers were written once with Roman numbers and once with Arabic numbers 

on a piece of paper. The paper was shown to the participants and they were asked to name the 

numbers as fast as possible. The raw score was the number of seconds that it took the participant 

to name all the numbers. The reliability score that was reported by Høien (2007) for the reaction 

time was 0.96 in grade 8 with the validity scores of 0.37 (in grade 4, p= <.001) and 0.24 (in 

grade 8, p=<0.005). 

Verbal fluency: Phonological fluency and semantic fluency. The Persian phonological fluency 

test consisted of three letters. The student had one minute to come up with as many words as he 

could, which started with a specific letter. The semantic fluency task comprised 6 categories 

(e.g., body parts, colours). The participants had one minute to come up with as many words as 

they could for each category (for more information, see Kormi-Nouri and colleagues, 2012). 

The Swedish phonological fluency test was similar to the Persian task and contained three letters. 

However, the semantic fluency test only contained one category (animals) (Carlsson, 2009). 

Phonological decoding: Non-word and pseudo-word reading. Participants were required to read 

40 Persian non-words/pseudo-words quickly within two minutes. They consisted of three to eight 

letters. The number of syllables per word varied from one to four. The raw score for each 

participant was the total number of correct answers. The words were devowelised for this part 

too. Therefore, all acceptable pronunciations were counted correctly. The task had a maximum 

score of 40. The Cronbach’s alpha for the 40 words in this test was 0.98 (Kormi-Nouri & 

Moradi, 2007). 

The Swedish non-word reading subtest contained 24 words for students in Grades 4–5 (max 

score= 24) and 28 words for students in grade 6 or higher (max score= 28). One word at a time 

was shown to the participant. The student had 5 seconds to read each word. The non-words were 

from three to ten letters long and they were between one to four syllables. The reliability 

coefficient for this task was 0.91 (grade 4) and 0.92 (grade 8). Høien (2007) reported the validity 

scores of 0.83 (grade 4) and 0.78 (grade 8) p= <.001. 

Vocabulary. The Persian test had 30 multiple-choice questions. The students listened to both the 

questions and the alternatives and were required to mark the correct answers. The task had a 

maximum score of 30 and was not time limited. Cronbach’s alpha for this test was 0.87 (Kormi- 

Nouri & Moradi, 2007). 

The DLS test had 40 multiple-choice questions for grades 4–6 (maximum score= 40) and 34 

multiple-choice questions for grades 7–9 (maximum score 34) (Järpsten & Taube, 1997; 

Järpsten, 2002). The same procedure was conducted for these tests. The participants listened to 

the recording and were required to choose the correct answer without any time restriction. The 

reliability scores provided in the manual are 0.88 for grade 4, 0.91 for grades 5 and 6, 0.78 for 

grades 7-8, and 0.80 for grade 9. 
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Vocabulary tests in both languages were very similar in nature and consisted of questions such as 

“being ‘wet’ is the same as being…”. Then four alternatives were provided such as cold, dry, 

frozen, damp. The student was asked to choose one of the options. 

Statistical analysis 

In order to provide some information to the readers about participants’ performance levels in 

each language and task, their raw scores were compared with the Manuals’ age norms (see Table 

5), except for grades 6–9 in Persian as norms were only available up to grades 4–5. Therefore, 

the participants’ performance in grades 6–9 in Persian was compared with the Manual’s norms 

for grade 5. 

According to Field (2017), the data are normally distributed in case the variables’ z-skewness 

and z-kurtosis are between -1.96 and 1.96. Word reading in Persian and Swedish, as well as non- 

word reading and phonemic awareness in Swedish violated this assumption. Due to the small 

sample size and the lack of normal distribution in these variables, a non-parametric method, 

Spearman’s rank order correlation, was used to investigate the relationship between linguistic 

abilities and word reading in each language. The participants’ raw scores were used in the 

correlation analyses. 

Results 

Descriptive 

The participants’ performances across different grades in Swedish and Persian languages are 

presented in Tables 1 and 2. 

Table 1 

Descriptive Statistics Swedish Grades 4–9 

Grades 4–5 Grades 6–9 

N Mean (SD) N Mean (SD) 

Word readinga 11 33.91 (1.38) 15 38.20 (10.66) 

Phonemic Awarenessa 11 10.73 (1.10) 15 11.47 (2.45) 

Rapid Automatized Namingb 11 23.73 (2.72) 15 22.4 (3.46) 

Phonological fluencya 11 22.36 (7.06) 15 23 (7.58) 

Semantic fluencya 11 18.91 (3.75) 15 15 (3.53) 

Non-word readinga 11 22.36 (1.29) 15 21.60 (5.29) 

Vocabularya 11 21.82 (6.31) 15 16.27 (8.22) 
a Number of correct responses, bnumber of seconds. 
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Table 2 

Descriptive Statistics Persian Grades 4–9 

Grades 4–5 Grades 6–9 

N Mean (SD) N Mean (SD) 

Word readinga 11 56 (12.12) 15 62.47 (12.69) 

Phonemic Awarenessa 11 14.82 (5.08) 15 12.93 (6.23) 

Rapid Automatized Namingb 11 43.27 (12.22) 15 31.8 (12.60) 

Phonological fluencya 11 21.45 (5.94) 15 23.07 (6.12) 

Semantic fluencya 11 67.73 (9.87) 14 75.86 (18.29) 

Non-word readinga 11 19.36 (9) 15 23.67 (10) 

Vocabularya 11 18.82 (4.62) 15 23.27 (6.83) 
a Number of correct responses, bnumber of seconds. 

Correlations between phonological processing, decoding, vocabulary and word reading in 

Persian 

Spearman’s correlation was used to investigate the relationships between linguistic abilities and 

word reading in both languages (see Tables 3 and 4). The following guidelines were used in 

interpreting the strength of correlations between variables: small effect size r=.10 to 0.29, 

medium r= .30 to .49, and large r= .50 to 1.0 (Cohen, 1988). 

Table 3 

Spearman’s correlation among the Persian variables 

1 2 3 4 5 6 7 

1. Word Reading 1.00 

2. Phonemic Awareness .36 1.00 

3. Rapid Automatized Naming -.61** -.16 1.00 

4. Phonological Fluency .61** .41* -.67** 1.00 

5. Semantic Fluency .51** .43* -.71** .79** 1.00 

6. Non Word Reading .88** .25 -.58** .63** .41* 1.00 

7. Vocabulary .60** .40* -.72** .70** .81** .50* 1.00 
**p <.01; *p <.05. 

A closer analysis of Persian measures in Table 3 demonstrated strong and significant correlations 

between non-word reading, RAN, phonological fluency, semantic fluency, vocabulary, and word 

reading.
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Correlations between phonological processing, decoding, vocabulary and word reading in 

Swedish 

Table 4 

Spearman’s correlation among the Swedish variables 

1 2 3 4 5 6 7 

1. Word Reading 1.00 

2. Phonemic Awareness .63** 1.00 

3. Rapid Automatized Naming -.40* -.44* 1.00 

4. Phonological Fluency .42* .10 .00 1.00 

5. Semantic Fluency -.01 .02 -.10 .33 1.00 

6. Non Word Reading .53** .35 -.02 .41* .10 1.00 

7. Vocabulary .19 .28 -.03 .13 .13 .20 1.00 

**p <.01; *p <.05. 

An examination of Swedish variables in Table 4 showed a strong and significant relationship 

between phonemic awareness, non-word reading and word reading. In addition, a medium but 

significant relationship was found between RAN, phonological fluency, and word reading. 

Participants’ word reading performance in Persian and Swedish 

Comparison of results with manual’s norms in both languages demonstrated that there were 

many more participants who performed under -1 SD in Persian, 21, than in Swedish, 6, reading 

tasks even though more than half of the group was in grade 6 or higher and their results in 

Persian were compared with the manual’s norms for children in grade 5. Table 5 also exhibited 

the number of children who performed -1 SD on each task in both languages. In total, 12 

participants performed -1 SD in one or more tasks in both languages; among those, only one 

participant performed -1 SD or below in all tasks in both languages and he did not have a 

diagnosis at the time of assessment. 

Table 5 

Total number of participants performing below -1 SD from mean 

SWE Measures PER Measures PER and SWE 

Word reading 6 21 4 

Phonemic Awareness 3 23 3 

Rapid Automatised Naming NA NA NA 

Phonological fluency 9 4 2 

Semantic fluency 8 4 1 
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Non-word reading 

Vocabulary 

7 

13 

22 

12 

6 

5 

   Note. NA, Not Available; PER, Persian; SWE, Swedish. 

Discussion 

The present paper explored phonological processing, decoding and vocabulary in relation to 

word reading in one semi-transparent Latin script (Swedish) and one deep non-Latin script 

(Persian) in a group of 26 bilingual biscriptal children. RAN, phonological fluency and non-word 

reading were significantly associated with word reading in both languages. In addition, phonemic 

awareness was significantly associated with word reading in Swedish, whereas semantic fluency 

and vocabulary knowledge were significantly associated with word reading in Persian. 

Regarding phonological processing, significant relationships (a strong correlation in Persian and 

a medium correlation in Swedish) were found between RAN, phonological fluency and word 

reading in both orthographies. This is in accordance (in line) with studies demonstrating 

significant associations between RAN and word reading in Latin scripts with various 

orthographic depth for monolinguals (e.g., Vaessen et al., 2010) bilinguals (e.g., Bellocchi, 

Tobia, & Bonifacci, 2017; Comeau et al., 1999) and in non-Latin scripts for Persian and Arabic 

monolinguals (e.g., Taibah & Haynes, 2011) and bilinguals (e.g., Gholamain & Geva, 1999). 

RAN is associated with word reading and reflects rapid access to and retrieval of phonological 

codes from the long-term memory (Wagner and Torgesen, 1987). Some scholars have shown 

that RAN can be more related to reading speed than accuracy (e.g., Schatschneider et al., 2004). 

In the present study, it was not possible to disentangle reading speed and accuracy as both 

aspects formed part of the same measure. The raw scores used in the analysis were based on the 

number of words that the participants accurately read within a specific time limit. Future studies 

on bilingual reading could investigate the impact of RAN on reading accuracy and speed 

separately. Regarding the importance of RAN, some studies (e.g., Kirby et al., 2010) have found 

that RAN can be a more powerful predictor of word reading in later reading development for 

monolingual students. This pattern was confirmed in this study with bilingual students in a later 

stage of reading development (Grades 4–9). 

In this study, phonemic awareness was only significantly and strongly associated with word 

reading in Swedish, which was somewhat surprising since previous studies (e.g., Furnes & 

Samuelsson, 2010; Vaessen et al., 2010) have shown that phonemic awareness’ predictive power 

decreases after grade 1. Cross-linguistic studies have shown that in shallow orthographies, due to 

the consistent relationship between graphemes and phonemes, children learn this rule at an 

earlier stage and, as a result, their reading development is faster compared to deep orthographies 

(e.g., Moll et al., 2014; Caravolas et al., 2012). The present results suggest that the participants’ 

knowledge of phonemic awareness, which is about understanding how to differentiate between 

separate phonemes (Ehri, 2005), and which is a requirement for learning the grapheme-phoneme 

correspondences (Castles, 2006), was also important in reading Swedish words in later reading 

development. The discrepancy between these results and previous studies could be explained by 

the type of tasks (e.g., deletion versus blending) and linguistic level (phonemes versus syllables) 

used. For example, Bellocchi and colleagues (2017) used a syllabic blending task to assess 

phonemic awareness. In this study, a phoneme deletion task was used, which is shown to be a 
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reliable way of examining phonemic awareness (Hulme et al., 2002) and can be more strongly 

correlated with word reading than blending tasks (Farran, 2012). Furthermore, tasks examining 

larger phonological units (syllables) are easier than tasks examining smaller phonological units 

(phonemes) (McBride-Chang, 2004). The significant relationship that was found between 

phonemic awareness and word reading in Swedish but not in Persian can also be explained 

through these two languages’ orthographic characteristics. The reader has access to all the 

phonological representations in Swedish whereas this information is partly missing when the 

short vowels are removed in Persian. Therefore, the reader cannot rely on the phonological 

representations to read the words accurately in Persian which could explain the lack of 

significant association between phonemic awareness and word reading in Persian. 

This study revealed a strong and significant association between non-word reading and word 

reading in both languages. This is in line with previous studies that found significant 

relationships between these two variables in Persian and Arabic monolinguals (e.g., Taibah & 

Haynes, 2011; Rahbari et al., 2007) and bilinguals (e.g., Gholamain & Geva, 1999; Elshikh, 

2012) from early reading acquisition to grade 6. A similar pattern has been found in Latin scripts. 

For example, Høien-Tengesdal & Tønnessen (2011) found significant correlations between non- 

word reading and word reading in monolingual Swedish and Norwegian children in grades 3–5. 

According to the self-teaching hypothesis (Share, 1999), the ability to apply the grapheme- 

phoneme correspondence rules is a prerequisite for developing the orthographic knowledge 

necessary for skilled word reading. In line with this theory, the present results confirmed the 

importance of decoding in relation to word reading and suggest that a good decoder is also more 

likely to develop good word reading skills. This was also shown in Table 5, in which most 

participants performed within the expected age norms in both non-word reading and word 

reading in Swedish, whereas most participants performed -1 SD below the expected age norms in 

both non-word reading and word reading in Persian. 

Some predictors, such as semantic fluency and vocabulary, were only significantly and strongly 

associated with word reading in Persian. This suggests that semantic knowledge is probably 

important in reading words in Persian, which is in line with previous Persian studies showing 

that vocabulary influenced word reading for both monolinguals (Rahbari et al., 2007; Sadeghi et 

al., 2016) and bilinguals (Arab-Moghaddam & Sénéchal, 2001). It has also been claimed that 

vocabulary knowledge plays a more significant role when the reader has only succeeded in 

partially decoding a word (Wang, Castles & Nickels, 2012; Wang et al, 2013). Diacritics were 

not used to represent short vowels in the word reading tasks. Thus, the readers did not have 

access to all phonological information about the target word. In such cases, an advanced 

vocabulary could help the reader to recognise and read words. Some research (e.g., Fiez, 2000) 

has also shown that word reading in deep orthographies mainly depends on lexical knowledge, 

whereas in shallow orthographies, it is possible to depend more on grapheme-phoneme 

correspondences. This could explain the different outcome for vocabulary knowledge and word 

reading in Swedish and Persian. Regarding the dual route, the results suggest that participants 

need to access a stored lexical representation when reading words, particularly familiar words, in 

Persian. However, in a semi-transparent script such as Swedish, the participants possibly did not 

need to know the meaning of words to the same extent when reading them. This is in accordance 

with the orthographic depth hypothesis (Katz and Frost, 1992), which states that the orthographic 

characteristics of each language determine the procedure(s) that readers rely on to read words. 

According to this hypothesis, readers of shallow orthographies use grapheme-phoneme 
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correspondence rules to read words, whereas inconsistent relationships between graphemes and 

phonemes in deep orthographies probably encourage readers to access the meaning of words and 

convert the orthographic input lexicon in their minds into a phonological output lexicon. This is 

consistent with the results of the present paper. A similar pattern has also been observed in cross- 

linguistic studies (e.g., Marinelli et al., 2015). 

The results from Table 5 suggest that, as a group, most participants achieved the expected results 

in word reading tasks in Swedish and, on an individual level, only six participants performed -1 

SD below the mean. This is in accordance with studies showing that second language learners do 

not have a problem reading words in their L2 (e.g., Lesaux and Siegel, 2003). However, the 

results showed that on a group level, most participants had weak word reading in Persian and 21 

out of 26 performed -1 SD below the mean, meaning that children had difficulty reading words 

in their mother tongue. The participants had attended the Swedish school system for quite a long 

time, on average, 5.5 years. Also, most of the participants (18) had started their school education 

in Sweden and had consequently received limited mother tongue instruction. It was therefore not 

surprising to find that they had better word reading in Swedish than in Persian. They had 

received more reading instruction in Swedish and read most subjects, except languages, in this 

language. In a similar vein, Gholamian and Geva (1999) also stated that it was easier to find 

Persian-English bilingual children in Canada who had better reading performance in English than 

in Persian. 

Regarding the participants’ word reading performance, a conclusion could possibly be drawn 

that their word reading was automated in Swedish, but probably not in Persian. The level of 

orthographic transparency could possibly have affected the differences found between linguistic 

abilities associated with word reading in Persian and Swedish. Cross-linguistic studies have 

shown that orthographic depth could also play an important role in reading acquisition (Seymour, 

2005). In shallow orthographies, children learn about the relationship between graphemes and 

phonemes at an earlier stage, have higher reading fluency and accuracy and, consequently, their 

reading development is faster compared with deep orthographies (e.g., Seymour et al., 2003). It 

might take more time for Persian readers to be efficient readers due to the characteristics of 

Persian orthography and they probably need to be provided with more reading instruction than in 

a semi-transparent orthography such as Swedish. 

Conclusion and Implications 

The present paper suggests that RAN, verbal fluency and non-word reading play important roles 

in Persian and Swedish word reading in a group of bilingual and biscriptal students beyond early 

reading instruction. However, phonemic awareness correlated significantly only with word 

reading in Swedish, while vocabulary correlated significantly only with word reading in Persian. 

Based on previous research and the fact that short vowels were absent in Persian word reading 

tasks, it was expected that vocabulary knowledge would contribute to Persian word reading as 

knowing the meaning of words could help reading Persian words. It was surprising to find a 

significant and strong relationship between phonemic awareness and word reading in Swedish, 

as previous studies demonstrated that the predictive power of phonemic awareness decreases 

with reading experience. More research in this area is required in order to explore the association 

between phonemic awareness and word reading among older bilinguals in Swedish. 
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Most participants had a weak performance in Persian word reading tasks. Limited mother tongue 

instruction and resources have been raised in many countries globally (e.g., Kamwendo 2008; 

Salö et al., 2018; Bingöl, 2013; Sinjur et al., 2012; Wang & Phillion 2009). There should be 

greater focus on bilinguals’ mother tongue instruction. It forms part of their identity and their 

right to be able to learn to read and develop literacy in both scripts. 

It is often stated that bilinguals lag their monolingual counterparts at school. In this study, 

Persian-Swedish bilinguals in grades 4–9 achieved the expected results in Swedish word reading. 

The number of years attending school in Sweden and the fact that most participants had started 

their school education in Sweden could have contributed to these results. However, the results 

suggested that most participants were behind their monolingual peers in Persian reading 

achievements, which could reflect the minimal amount of reading instruction they had received 

in Persian. Mother tongue teaching should increase and teachers could focus more on reading 

instruction and vocabulary knowledge development so that students can improve these skills and 

potentially become more efficient readers in Persian. 

The significant relationship between non-word reading and word reading in both languages 

suggests that it is potentially important to continue mastering grapheme-phoneme 

correspondences, even in the later stages of reading development in both orthographies. It cannot 

be taken for granted that students will learn these correspondence rules without being 

specifically taught. Some students might start their education in their home country and start 

attending Swedish schools after an early reading development stage. These students might be at 

risk of never receiving any specific teaching to learn these rules in Swedish; some students might 

learn on their own, but not all of them. However, when students start their education in Swedish, 

like most of the participants here, we cannot assume that just because a student has learned the 

grapheme-phoneme connection in a Latin script, they will automatically know these rules in a 

non-Latin script, too. Thus, they will probably also need to receive specific teaching in their L1 

in order to learn this rule. 

Vocabulary knowledge is important in word reading and reading comprehension. Thus, special 

attention should also be directed towards students who perform poorly in vocabulary knowledge 

tasks in both languages. In such cases, teachers of Swedish as a second language and mother 

tongue teachers could cooperate and provide extra help and education for these students. 

Teachers could also encourage students to both listen and try to read stories in both languages in 

order to improve their vocabulary knowledge. 

Limitations 

The author is aware of the small sample size and the large age span among the participants. The 

task of identifying bilingual biscriptal participants was challenging, even though one year was 

spent looking for these participants and many people were contacted. Participation in this project 

was voluntary and the number of participants could have been higher if they had not been 

required to meet all the criteria, particularly being able to read and write in Persian. The results 

demonstrated that the word reading of most of the participants was age appropriate and within 

the expected results in Swedish, but not in Persian. This might explain the difficulty in finding 

more participants as it is challenging for this group to read and write in Persian, which is not 

surprising, as they had received very limited instruction in Persian. 
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One of the strong points of the current paper is the usage of standardised tests to investigate word 

reading, and linguistic abilities related to it, in both languages. It is not possible to find 

standardised tests that are identical since they are designed in different countries with different 

contexts. Thus, an attempt was made to find tests that were as similar as possible in both scripts. 

However, there were also some small differences between the tests. For example, there were 

more categories in the semantic fluency test in Persian than in Swedish, which could mean that 

there was higher strain in Persian than in Swedish to perform this task, which may have affected 

the results. 

Regarding the sample size and age span between the participants (grades 4–9), the results cannot 

be generalised and should be interpreted with caution. In future studies, it could be valuable to 

replicate this study with a larger and more homogenous sample. This would enable the use of 

more advanced statistical methods to explore the relations between phonological processing, 

decoding, vocabulary and word reading for older children in these two orthographies and 

investigate the developmental perspective between younger and older participants. 
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