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1.1  INTRODUCTION  

The mastery of spoken language in typical social contacts is acquired effortlessly 

through natural communication. Learning to read and write, on the other hand, is a 

skill that requires effort and training. The tools for decoding and for spelling need to 

be specifically taught, and deliberate practice is essential in order to attain a high 

level of automatization in visual word recognition. In other words, learning to decode 

written text in any orthography entails discovering what the written symbols stand 

for. One must learn the principles of how a specific written symbol connects to a 

certain speech sound. In alphabetic orthographies, the beginner reader will initially 

identify the letters of the word one at the time. After lexical representations of words 

have been established in the reader’s memory, a skilled reader no longer needs to 

rely on phonics when coming across the same word again and reading becomes a 

fast and highly efficient word recognition process (Sprenger-Charolles & Colé, 2003).  

The ease with which a new letter string can be translated into a phonological code 

depends to a large extent on how consistently the letters in the string map onto the 

sounds of the corresponding spoken word. In languages with a transparent 

orthographic system, such as Finnish, Italian, or Standard Indonesian, a given letter 

of the alphabet is almost always pronounced the same way irrespective of the word 

it appears in (e.g. Aro, 2004; Winskel & Lee, 2013; Ziegler et al., 2010). Once the 

connections between the letters of the alphabet and the unique corresponding 

phonemes have been memorized, the learner will be able to decode and pronounce 

all words as well as pseudowords in that language. In opaque orthographies, such 

as English and Danish, however, spelling-to-sound correspondences can be very 

ambiguous. In English, generally regarded the least consistent Indo-European 

orthography (Frost, 2012), a given letter is often pronounced differently in different 

words, such as the ‘a’ in the words bag, lake, was, and raw. Moreover, the same 

sound can have multiple spellings (e.g. /k/ in calm, king, opaque, and track), while in 

other cases some letters may not have a corresponding sound (e.g. /t/ in listen). 

Consequently, the mastery of the alphabetic principle provides only part of the key 

for decoding, and many words cannot be sounded out accurately without being part 

of the reader’s spoken vocabulary. It is therefore not surprising that theoretical 

considerations (e.g. orthographic depth hypothesis by Katz & Frost, 1992; grain size 

theory by Ziegler & Goswami, 2005) as well as empirical evidence (e.g. Aro & 

Wimmer, 2003; Seymour et al., 2003; Patel, Snowling, & De Jong, 2004; Ziegler et 

al., 2010; Caravolas, Lervåg, Defior, Seidlová-Málková, & Hulme, 2013) have 

suggested that transparent orthographies with highly regular letter-sound 

correspondences are more easily acquired than complex and opaque orthographies 

with a high proportion of inconsistent and irregular spellings.  

Two other language characteristics that are believed to play a role in the early 

reading process, are syllabic complexity and morphological complexity. More 
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specifically, syllabic complexity is thought to affect how readily children become 

sensitive to the phonological structure of language (Duncan, Colé, Seymour, & 

Magnan, 2006), a critical pre-reading skill. Moreover, the embedding of grapheme-

phoneme correspondences in consonant clusters has been suggested to impede the 

reading acquisition process (Seymour et al., 2003). Clusters are possibly treated as 

phonological units and are difficult to split into phonemes (Treiman, 1991). 

Furthermore, the high level of co-articulation in the consonant phonemes in the 

cluster might exacerbate the problem (Serrano & Defior, 2012). These difficulties 

might reflect a deficit in phonological awareness resulting in a difficulty in phonemic 

segmentation of complex syllable structures and consonant clusters.  

In addition to syllabic complexity and the reader’s sensitivity to phonemes, 

sensitivity to the morphological structure of a language has been suggested to play 

an important role in the reading process (e.g. Casalis & Louis-Alexandre, 2000; Elbro 

& Arnbak, 1996; for reviews see Mann, 2000, and Nagy, Carlisle, & Goodwin, 2013), 

and more particularly in reading difficulties (e.g. Ben-Dror, Bentin, & Frost, 1995; 

Leikin & Hagit, 2006; Lyytinen & Lyytinen, 2004; Schiff & Raveh, 2007). The 

recognition of familiar morphemes has been shown to facilitate speed and accuracy 

of reading and the spelling of morphologically more complex words (Carlisle & Stone, 

2005). In languages in which the morphological structure of a given word hardly ever 

changes depending on its function in the sentence or the phrase it belongs to, a word 

that has been stored in the lexicon will be retrieved with little effort. However, in 

agglutinative languages such as Finnish, the morphological system results in words 

of considerable length that contain multiple parts of semantic information. This 

stacking of functional morphemes to the stem may obscure the stem of the word, 

which in turn may impact word recognition.  

Seymour et al. (2003) demonstrated the impact of orthographic complexity on 

reading development by evaluating 13 European orthographies, using syllabic 

complexity and orthographic depth to describe the level of orthographic complexity 

in the alphabetic writing systems included in their sample (COST Action A8; Niessen, 

Frith, Reitsma, & Öhngren, 2000). In the majority of countries (e.g. Finland, Greece, 

Germany), children were able to read familiar words and had attained simple 

decoding skills before the end of the first year of reading instruction, while readers 

acquiring deeper orthographies (French, Portuguese, Danish, and English) were still 

struggling. Their results suggested that the rate of early reading acquisition was 

slower by a ratio of about 2.5:1 in English than in most European orthographies. 

According to Seymour et al. (2003), the delayed acquisition of foundation literacy in 

English and to a lesser extent also in Danish, can be interpreted as a combined effect 

of a complex syllabic structure and an inconsistent system of grapheme-phoneme 

correspondences.  
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Assessing numeral reading, number-word reading, and pseudoword reading in 

their cross-linguistic study, Aro and Wimmer (2003) compared the performance of 

English-speaking children in grades 1 to 4 with that of same-year children speaking 

German, Dutch, Swedish, French, Spanish, and Finnish. By the end of the first year, 

reading accuracy for pseudowords was already around 85% for the German, Dutch, 

Spanish, and Finnish children and over 90% for the Swedish children, while the 

English children had achieved a 50% accuracy only. English children did not reach 

their peers’ high accuracy levels until grade 4. Both studies’ results are in line with 

other studies confirming that learning to read is easier in more shallow orthographies, 

including comparisons of Dutch with English (Patel et al., 2004), German with 

English (Wimmer & Goswami, 1994), English, Hungarian, Dutch, Portuguese, and 

French (Ziegler et al., 2010), Welsh with English (Spencer & Hanley, 2003), and 

English with Spanish, and Czech (Caravolas et al., 2013).  

 

1.2  THEORIES OF READING ACQUISITION 

The way in which phonological, orthographic, and morphological processes function, 

is shaped by the specific orthography being used, necessitating orthography-specific 

strategies when learning to read. While following universal pathways, the reading 

procedures that are being developed adapt to the demands of the writing system 

through the specialization of brain networks that support word identification. This 

specialization increases with further reading development, leading to differences in 

the brain networks for alphabetic and Chinese reading, for example (Perfetti et al., 

2013). Whereas the Chinese writing system maps graphs to syllabic morphemes, in 

alphabetic scripts, graphs are mapped to phonemes. According to the universal 

phonological principle (UPP; Perfetti, Zhang, & Berent, 1992), specific mapping 

differences across orthographies produce differences in the units of language that 

are activated in the earliest stages of reading, within a universal dependence, 

however, on spoken languages and a universal involvement of phonology (Perfetti, 

Cao, & Booth, 2013). The UPP thus unites the Chinese and alphabetic writing 

systems at the functional principle level, but acknowledges important differences 

emerging at more detailed levels. 

Comparisons across alphabetic writing systems have also been in the literature 

for a number of years, aiming to explain how variations among orthographies in the 

transparency of grapheme-phoneme mapping affect word-reading processes. The 

majority of the English-based models of reading acquisition share a common idea of 

dual-processing routes, suggesting that readers adapt their reliance on the two 

processing routes depending on the demands of the orthography. In the orthographic 

depth hypothesis (ODH; Katz & Frost, 1992), for example, a direct, lexical route is 

used for whole word recognition and an indirect, sublexical route for phonological 

decoding. Word identification in shallow orthographies would be primarily based on 
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phonological pre-lexical computation, whereas in deep orthographies this process 

would additionally require lexical procedures to access whole-word representations 

(Frost, 2005; Katz & Frost, 1992).  

There is some debate, however, about the generalizability of the dual-route 

system to more transparent orthographies (e.g. Hutzler & Wimmer, 2004; Seymour 

et al., 2003; Share, 2008), and some researchers have criticized the “Anglocentrism” 

(e.g. Share, 2008) in reading research. Assuming the extreme position of English 

with regard to orthography-phonology relationships, Ziegler and Goswami (2005) 

even argue that some of the most refined processing architectures (e.g. two separate 

routes to pronunciation in the skilled reading system) may in fact only develop in 

speakers of English. One may indeed argue that if the orthography-phonology 

relationships are regular, then a second, lexical route tailored specifically to whole-

word recognition would be dispensable and a more parsimonious one-route model 

would suffice to be able to read every pronounceable word or pseudoword. Others, 

however, argue that every reader of both regular and exceptional orthographies, 

must eventually attain a high level of automatization in visual word recognition to 

rapidly and effortlessly recognize familiar words and morphemes, and that both the 

decoding strategy and this rapid, direct-retrieval mode apply to all words in all 

orthographies (Share, 2012). Orthographic differences would not demand for the 

involvement of different cognitive mechanisms underlying reading acquisition but 

would mainly be expressed in the rate of reading development (Caravolas et al., 

2013; Vaessen, Bertrand, Tóth, Csépe, Faísca, Reis, & Blomert, 2010).  

Rather than focusing on two different processing routes, another prevailing theory 

(grain size theory, Ziegler & Goswami, 2005) focuses on the different sizes of 

orthographic units (e.g. graphemes, rimes, whole words) the reader uses in 

response to the demands of the specific orthography to be learned. Whereas 

children learning to read in an orthographically more consistent alphabetic language 

are thought to rely heavily on grapheme-phoneme recoding strategies as these 

mappings are relatively consistent, children trying to master less consistent 

orthographies cannot use smaller grapheme units as easily because, at least in 

English, smaller grain sizes tend to be less consistent than larger grain sizes 

(Treiman et al., 1995). This may well lead to the development of recoding strategies 

that enable the learner to decode at the level of multiple grain sizes, complementing 

grapheme-phoneme conversion strategies with the recognition of letter patterns for 

rimes and attempts at whole-word recognition.  

At a general level of description, all researchers agree that the basic processes 

of reading are the same for all languages, for instance in terms of matching inputs to 

memory, association, retrieval, decomposition, decoding, and assembly. At other 

levels, however, these processes can differ substantially with respect to the graphic 

and linguistic units involved, the visual demands of the input, and the reiteration of 
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processes. With improving skills, the reader increasingly manages to adapt reading 

procedures to the demands of the writing system to thus improve reading efficiency. 

It is these specific and vital adjustments that depend on the orthography used that 

have implications for new readers and the development of reading difficulties like 

dyslexia.  

 

1.3  DYSLEXIA 

Dyslexia is the most common learning disability (Cortiella & Horowitz, 2014), with 

prevalence rates ranging from 5 to 10% of children in western populations, and up 

to 17.5% of English speakers (Habib & Giraud, 2013; Shaywitz, 1998). A common 

definition with the cut-off for reading achievement set to 1.5 standard deviations 

below the mean for age, identifies 7% of the general population as dyslexic (Peterson 

& Pennington, 2015). Dyslexia occurs in all languages (Shaywitz, Morris, & 

Shaywitz, 2008) and cross-cultural work suggests universality in the neurocognitive 

and neurobiological causes of dyslexia (Peterson & Pennington, 2012).  

According to the International Dyslexia Association’s (IDA) definition of dyslexia 

(Lyon, Shaywitz, & Shaywitz, 2003), dyslexia is characterized by problems with 

accurate and/or fluent word recognition (i.e. identifying real words), and poor spelling 

or decoding abilities (i.e. reading aloud pseudowords). These difficulties are often 

unexpected in view of the child’s other cognitive abilities (i.e. typical general 

intelligence) and exist despite the provision of adequate formal classroom 

instruction. In children with reading difficulties in transparent orthographies, reading 

speed is usually slowed whereas reading accuracy remains relatively unaffected 

following the very early stages of reading acquisition (e.g. Dandache, Wouters, & 

Ghesquière, 2014; De Jong & Van der Leij, 2003; Constantinidou & Stainthorp, 2009; 

Escribano, 2007; Holopainen, Ahonen, & Lyytinen, 2001; Landerl & Wimmer, 2008; 

Tressoldi, Stella, & Faggella, 2001). Still, a tendency towards inaccurate reading was 

also found among some of the poor readers in transparent orthographies (e.g. Boets 

et al., 2010; Eklund, Torppa, Aro, Leppänen, & Lyytinen, 2015; Leinonen et al., 2001; 

Sprenger-Charolles, Colé, Lacert, & Serniclaes, 2000). In languages with an opaque 

and inconsistent orthography on the level of grapheme-phoneme correspondences, 

dyslexia typically becomes apparent on the basis of inaccurate reading alone, even 

though reading speed and spelling skills may also be affected (Ziegler & Goswami, 

2005).  

Although our understanding of the mechanisms of typical reading acquisition and 

the causes of deficits in this development has grown in the past decades, 

researchers have not yet been able to get to the root of the matter. Single (e.g. 

Ramus et al., 2003), double (e.g. Wolf & Bowers, 1999), and multiple-deficit models 

of dyslexia (e.g. Bishop & Snowling, 2004; Pennington, 2006) have been proposed 

to explain this developmental condition. One prevailing theory is the phonological 
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theory of dyslexia which proposes that dyslexia is caused by a specific impairment 

in the representation, storage and/or retrieval of speech sounds (Ramus et al., 2003). 

These processes are essential for the establishment and automatization of 

grapheme-phoneme correspondences, i.e. the foundation of reading in alphabetic 

systems, which in turn underlie fluent and accurate word recognition. While different 

views exist on the nature of the phonological problems, for the last several decades 

there has been scientific consensus that dyslexia has its roots in cognitive difficulties 

to process phonological features, resulting in difficulties to process written language 

(Peterson & Pennington, 2015; Vellutino, Fletcher, Snowling, & Scanlon, 2004). 

 

1.4  PREDICTORS OF READING IN DIFFERENT ORTHOGRAPHIES 

Although children with dyslexia exhibit common phonological deficits in different 

languages and predictors of reading skills are relatively universal (Ziegler & 

Goswami, 2005), opinions diverge on the relative importance of these predictors in 

different orthographies. Phonological awareness, rapid automatized naming, verbal 

working memory, and letter knowledge have all been generally accepted as 

predictors of reading skills and their roles have been addressed by a number of 

cross-linguistic studies. Differences between studies’ results on the relative weight 

of these predictors may relate to the transparency of the orthography, but also to the 

developmental phase of reading of the participants included, the type of measures 

used, and the definitions and inclusion criteria employed.  

Phonological awareness (PA), for example, which refers to the sensitivity for and 

access to sounds in spoken words, has been accepted as one of the strongest 

predictors of reading development in the opaque English orthography (e.g. Melby-

Lervåg, Lyster, & Hume, 2012; Muter, Hulme, Snowling, & Stevenson, 2004; 

Vellutino et al., 2004). No consensus, however, has been reached yet on whether 

this also applies to more transparent orthographies; the influence of PA has been 

suggested to be stronger in opaque than in transparent orthographies (Landerl et al., 

2013; Mann & Wimmer; 2002; Vaessen et al., 2010; Ziegler et al., 2010), while others 

reported an equally strong prediction of PA in English and in more transparent 

orthographies (Caravolas et al., 2012, 2013). Moreover, whereas in transparent 

orthographies the influence of PA seems to decrease over time when the basic 

decoding rules have been learned (Furnes & Samuelsson, 2011; Georgiou, Parrila, 

& Papadopoulos, 2008; Holopainen et al., 2001; Vaessen et al., 2010), conflicting 

results have also been reported when using more complex (Caravolas, Volín, & 

Hulme, 2005; Morfidi, Van der Leij, De Jong, Scheltinga, & Bekebrede, 2007; 

Kortteinen, Närhi, & Ahonen, 2009) or speeded PA tasks, showing, for example, that 

reading and PA remained reciprocally related over many years also in transparent 

orthographies (Vaessen & Blomert, 2010). In opaque orthographies PA has been 

suggested to remain a strong predictor beyond first grade (Furnes & Samuelsson, 
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2010), reflecting the fact that the development of accurate decoding in opaque 

orthographies takes longer than in more transparent orthographies (Seymour, Aro, 

& Ersine, 2003).  

Rapid automatized naming (RAN), concerning the retrieval of phonological codes 

from the long-term memory, seems to be a rather robust predictor of reading across 

languages; RAN has been primarily associated with reading speed and fluency in 

both transparent orthographies (De Jong & Van der Leij, 2003; Vaessen, Gerretsen, 

& Blomert, 2009; Landerl & Wimmer, 2008; Georgiou et al., 2008; Kairaluoma, 

Torppa, Westerholm, Ahonen, & Aro, 2013; Lepola, Poskiparta, Laakkonen, & Niemi, 

2005), and in the opaque English orthography (Pennington, Cardoso-Martins, 

Green, & Lefly, 2001; Sunseth & Bowers, 2002). In more transparent languages, 

RAN has been claimed to be a stronger predictor of reading skills than PA (e.g. De 

Jong & Van der Leij, 1999, 2003; Wimmer, Mayringer, & Landerl, 2000) and in 

contrast to PA, the relative importance of RAN has been shown to increase over time 

(De Jong & Van der Leij, 1999; Heikkilä, Torppa, Aro, Närhi, & Ahonen, 2016; 

Vaessen et al., 2010). However, once again, some results regarding the relationship 

between this predictor and reading are contradictory; whereas in some studies the 

impact of RAN has been shown to be stronger in the more complex rather than the 

less complex orthographies (e.g. Landerl et al., 2013), in other studies RAN 

remained universally important after decoding accuracy had been reached (e.g. Moll 

et al., 2014; Norton & Wolf, 2012) or was RAN even found to have a generally weak 

association with reading across orthographies (Ziegler et al., 2010). Differences in 

age groups studied and in the sequential naming task used (in Ziegler et al.’s study, 

for example, pictured objects were used instead of letters, digits), may have partly 

influenced the discrepancy between the results.  

The third predictor of reading abilities concerns the ability to temporarily store 

verbal information and is often denoted as verbal working memory (VWM). VWM has 

been suggested to play a significant, but comparatively minor role than phoneme 

deletion and RAN as predictor of dyslexia (Landerl et al., 2013). Moreover, in 

contrast to the latter two predictors, the impact of VWM was not modulated by 

orthographic complexity in Landerl et al.’s study. Nonetheless, VWM is regarded as 

playing an important role in both word decoding and spelling (Tilanus, Segers, & 

Verhoeven, 2013; 2016). Assessing VWM skills, impairments have been found in 

poor second-grade learners of Dutch compared to typical readers (Tilanus et al., 

2013; 2016), as well as in older dyslexic elementary school readers of English 

(Kibby, Marks, Morgan, & Long, 2004) and German (Reiter, Tucha, & Lange, 2004). 

By contrast, Dutch dyslexic children and weak readers assessed in kindergarten and 

first grade in De Jong and Van der Leij’s (2003) study did not differ significantly from 

typical readers on VWM tasks. The authors hypothesize that if VWM is influenced 
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by learning to read, or develops concurrently, then differences between typical and 

dyslexic readers might become more apparent after first grade.   

The last predictor to be discussed here is letter knowledge. Letter knowledge has 

been shown to be an additional strong predictor of word reading (Caravolas et al., 

2012; Georgiou,  Torppa, Manolitsis, Lyytinen, & Parrila, 2012; Melby-Lervåg et al., 

2012) and spelling (Torppa et al., 2013). As such learning is so close to the core of 

the difficulty, letter knowledge is regarded especially important in cases of dyslexia 

(Lyytinen, Ronimus, Alanko, Poikkeus, & Taanila, 2007; Peterson & Pennington, 

2015; Žarić et al., 2014). With regard to orthographic complexity, letter knowledge 

has been shown to be specifically important in transparent orthographies as a 

predictor of initial reading skills (Caravolas et al., 2013; Lyytinen et al., 2008; Winskel 

& Widjaja, 2007). This might be due to the fact that good letter knowledge allows for 

accurate decoding in phonologically consistent orthographies in which letters 

correspond to sounds in highly predictable ways, which is less true in inconsistent 

orthographies such as English. However, similar to the other predictors, conflicting 

results have also been reported regarding letter knowledge. In a comparison of 

Dutch, Hungarian, and Portuguese, here ordered by their increasing degree of 

transparency, letter knowledge was shown to be an independent and equally strong 

predictor of reading fluency in grades 1 and 2 across the different orthographies 

(Vaessen et al., 2010). Interestingly in grade 3, letter knowledge was a stronger 

predictor in the opaque than in the more transparent orthographies. The authors 

postulate that in opaque orthographies, grapheme-phoneme association skills may 

remain important for reading for a longer period compared to transparent 

orthographies, suggesting that orthographic consistency influences the rate at which 

the reading  systems develop (also see Caravolas et al., 2013; Seymour et al., 2003).  

 

1.5  BAHASA INDONESIA 

Unfortunately for those who are experiencing the negative consequences of these 

problems on their cognitive development, school motivation, well-being, and self-

esteem (Lovio, Halttunen, Lyytinen, Näätänen, & Kujala, 2012), in many non-

Western parts of the world such as Indonesia, reading acquisition and dyslexia have 

as yet not been studied widely. Indonesia is the 4th most populous country on earth, 

ranking behind China, India and the US. Figures vary, but numbers no fewer than 

550 (Sneddon, 2003) and 731 (Frederick & Worden, 2011) are mentioned for the 

amount of languages spoken in the Indonesian archipelago in the early twenty-first 

century. Considering these numbers, it seems remarkable that one single language, 

Bahasa Indonesia (Standard Indonesian), has become the language of schools, 

government, national print and electronic media, and of interethnic communication 

(Frederick & Worden, 2011).  
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Standard Indonesian (SI) is part of the Western Malayo-Polynesian subgroup of 

the Austronesian languages and is a standardized dialect of the Malay language 

(Sneddon, 2003). Nationwide, about 23 million Indonesians use SI as their primary 

language while over 140 million others speak SI as a second language (Lewis, 

Simons, & Fennig, 2013). All but one grapheme has a one-to-one grapheme-to-

phoneme correspondence in both the reading and spelling direction, including a 

close correspondence between letter names and letter sounds (Winskel & Widjaja, 

2007), which results in the SI language having a highly transparent orthography. The 

alphabet overlaps with the 26 letters of the English alphabet, with the letter <x> only 

being used in loan words. SI has five vowels (monophthongs): <a>, <i>, <u>, <e>, 

and <o>, with six vowel phonemes as the letter <e> has two phonemic forms: /ə/ and 

/e/. There are three diphthongs (<au>, <oi> and <ai>), five digraphs (<gh>, <kh>, 

<ng>, <ny>, <sy>), and only few consonant clusters (Chaer, 2009). SI possesses a 

rich transparent system of morphemes and affixations (Prentice, 1987) which have 

at least one semantic function and differ depending on the word class of the stem 

(Winksel & Widjaja, 2007). However, colloquial spoken SI often uses non-affixed 

forms. The syllable structures in SI are simple and have clear boundaries (Prentice, 

1987; Winskel, 2013). Monosyllabic words are uncommon, and Indonesian children 

need to be able to read long words from an early age as instructions in primary-

school books already contain multisyllabic words with derivational affixes (Winskel & 

Widjaja, 2007). Reading instruction typically starts with the introduction of the 

alphabet where students are trained to memorize the letter names. Subsequently 

they are taught to combine consonants (C) and vowels (V) to form syllables with a 

simple CV pattern, such as b+a, b+i, b+u, b+e, and b+o, producing the syllables ba, 

bi, bu, be, and bo. Next, the students are instructed to combine these syllables to 

create words, such as i+bu to form the word ibu (mother). Once V and CV syllables 

and mastered, CVC syllable patterns and more complex CV combinations are taught 

(Dewi, 2003; Winskel & Widjaja, 2007). 

  

1.6  GRAPHOGAME 

Among various approaches, early intervention programs aimed at alleviating or even 

preventing dyslexia in struggling readers are generally regarded as the most efficient 

and beneficial (Richardson & Lyytinen, 2014). GraphoGame is a digital educational 

game that trains children in the basic skills of reading. In general, the program’s goal 

is to strengthen a child’s phonological awareness and grapheme-phoneme coupling 

skills while using a more motivating play-like format compared to traditional reading 

practice (Lyytinen, Erskine, Kujala, Ojanen, & Richardson, 2009). Since its 

conception, multiple language versions have been developed, each following the 

same key principles that are adjusted to the specific language characteristics and 

teaching situations. The first effectiveness studies evaluating various GraphoGame 
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editions have shown promising results (e.g. Brem et al., 2010; Kyle, Kujala, 

Richardson, Lyytinen, & Goswami, 2013; Saine, Lerkkanen, Ahonen, Tolvanen, & 

Lyytinen, 2010; 2011).  

In the Standard Indonesian game (GraphoGame SI), the ‘player,’ or rather his/her 

game character, moves around on a randomly generated map where (s)he has to 

reach a door that leads to the next game level. On the way, the player will encounter 

fields that may contain exercises or items (e.g. a funny helmet for the game character 

to wear). As we primarily designed GraphoGame SI for use in primary schoolchildren 

who are overchallenged when first starting to read in SI, the game’s rules and 

graphics were kept simple: the speech segments presented are short and the 

accompanying visuals simple and limited (see Figure 1.1). Its main tasks comprised 

paced and unpaced multiple-choice trials in which the child needed to match an 

acoustic stimulus (a phoneme, syllable, or word) to a visual item on the screen (a 

letter or a larger unit). Besides these reactive type trials, in more active tasks children 

need to construct written words from smaller components to match the spoken target 

words. For example, the child hears the word sama (/sɑmɑ/) ‘same’ and needs to 

compose the written word using the two syllable blocks sa (/sɑ/) and ma (/mɑ/). In 

line with other GraphoGame effectiveness studies (e.g. Kyle et al., 2013; Saine et 

al., 2010; also see Richardson & Lyytinen, 2014), our main game design aimed at 

five playing sessions of 10-15 minutes a week, for optimal concentration and 

automatization of reading-related skills. Moreover, to anticipate school settings in 

which a playing frequency of five times a week was not feasible due to practical 

reasons, a compressed version aimed at longer (15-20 minutes) but less frequent 

playing sessions was additionally created to avoid the complexity of the game 

content from increasing too slowly compared to the level of regular classroom 

reading instruction.  

 

 
Figure 1.1 GraphoGame SI screen shots 
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1.7  OVERVIEW OF THE THESIS 

This thesis serves several purposes, all centred around the Standard Indonesian (SI) 

language, orthographic differences and their impact on reading (related) skills, and 

dyslexia. What started with a plan to create a GraphoGame reading intervention for 

SI, was gradually extended with the development of a test battery for the early 

detection of reading difficulties in SI, a study on the predictors of reading and spelling 

problems in SI, and two elaborate narrative reviews on the impact of orthographic 

differences on reading development in alphabetic languages and ways to measure 

these differences. In this section, a short introduction to each chapter will be given.  

Chapter 2 reviews the literature on orthographic transparency, syllabic 

complexity, and morphological complexity of alphabetic languages in relation to 

reading acquisition and dyslexia. This chapter presents a narrative, and cross-

linguistic literature review, with the aim to contribute to the development of universal 

reading models and at the same time to point out the important differences between 

orthographies at the more detailed level. Moreover, it suggests adjustments to 

devise language-specific instruction and interventions for the development of the 

specific reading strategies required by the characteristics of the orthography being 

acquired.  

The specific orthography that a child is acquiring has been identified as a central 

element influencing reading acquisition and dyslexia. However, the development of 

reliable metrics to measure differences between language scripts hasn’t received 

much attention so far. Chapter 3 therefore discusses metrics proposed in the 

literature for quantifying orthographic transparency, syllabic complexity, and 

morphological complexity of alphabetic languages, adding to the understanding of 

differences between languages and their ‘developmental footprint’ in the lexical 

organization and processing strategies being developed. 

Chapter 4 describes the development of a test battery to facilitate the 

assessment of reading acquisition and an early detection of reading difficulties in 

readers of SI, and presents the first data obtained with this battery among 139 first- 

and second-graders recruited from elementary schools in Jakarta (Java). As 

knowledge and awareness of dyslexia in Indonesia are dependent on the accurate 

identification and treatment of individuals with or at risk of dyslexia in SI - and no 

reading assessment battery had been developed yet - this was a crucial first step in 

the management of reading problems in Indonesia. Moreover, preliminary criteria 

are proposed for the categorization of beginner-readers of SI as ‘typical readers’ or 

readers ‘at risk of dyslexia’ based on the outcomes for reading and decoding fluency 

and spelling.  

The research described in Chapter 5 further analyses the Jakarta data, and 

combines these data with the test results of an additional sample of 146 second- and 

third-graders recruited in Medan (Sumatra). In this chapter, we investigate which 
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profiles of cognitive predictors of reading are found among young readers of SI 

classified as being at risk of dyslexia, and test the fit of single versus multiple deficit 

models of dyslexia to individuals categorized as ‘typical readers’ and ‘at risk of 

dyslexia’.  

Chapter 6 describes the theoretical background, the development, and design of 

our Standard Indonesian edition of GraphoGame, aimed at the advancement of early 

reading acquisition in the highly transparent Standard Indonesian language. To the 

best of our knowledge, no standardized intervention had thus far been developed to 

support struggling readers with or at risk of dyslexia in SI. However simple the 

game’s interface, the principles and algorithmic systems underlying it are rather 

complex. In this chapter, we therefore discuss general GraphoGame principles, and 

elucidate some of the specific choices we made for our SI version, hoping that our 

study will be a stepping stone for the development of additional language versions 

of this or similar digital-based learning environments. Furthermore, this chapter 

discusses the first results obtained during a pilot study conducted among 69 first-

graders playing the compressed version of the game at an elementary school in 

Medan (Sumatra), with the aim to evaluate the program’s usability and to collect 

evidence on the relationship between exposure to the intervention and changes in 

early reading and reading-related skills.  

In Chapter 7, the results are discussed of an extended pilot study among 33 first-

graders from a more rural area in the outskirts of Medan, who played the main game 

design more frequently during a shorter period of time, resulting in a more intensive 

support program compared to the pilot study in Chapter 6. The aim of this extended 

pilot study was to overcome additional challenges while playing our main game 

design and to further investigate the effectiveness of this design in promoting reading 

(related) skills in first-grade learners of Standard Indonesian.  

The thesis ends with an overall discussion in Chapter 8, where also future 

directions are proposed. 



 
 



 
 

 

 

 

CHAPTER 2 
 

 

Cracking the Code: Modelling orthographic transparency and 

morphological-syllabic complexity in reading and dyslexia1  
 

 

 

  

                                                             
1 The study reported in this chapter was submitted for publication:  

Borleffs, E., Maassen, B. A. M., Lyytinen, H., & Zwarts, F. Cracking the code: 
Modelling orthographic transparency and morphological-syllabic complexity in 
reading and dyslexia.  
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ABSTRACT 

Reading is an essential skill in modern societies, yet not all learners necessarily 

become proficient readers. Theoretical concepts (e.g. the orthographic depth 

hypothesis; the grain size theory) as well as empirical evidence suggest that certain 

orthographies are easier to learn than others. The present paper reviews the 

literature on orthographic transparency, syllabic complexity, and morphological 

complexity of alphabetic languages. These notions are elaborated to show that 

differences in reading acquisition reflect fundamental differences in the nature of the 

phonological recoding and reading strategies developing in response to the specific 

orthography to be learned. The present paper provides a narrative, cross-linguistic 

and integrated literature review, thereby contributing to the development of universal 

reading models and at the same time pointing out the important differences between 

orthographies at the more detailed level. Our review also suggests adjustments to 

devise language-specific instruction and interventions for the development of the 

specific reading strategies required by the characteristics of the orthography being 

acquired.  
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2.1  INTRODUCTION 

Reading is an essential skill in modern societies, yet depending on the orthography 

and exact diagnostic criteria used, 5-17.5% of children develop dyslexia and face 

persisting problems with reading and spelling (Habib & Giraud, 2013; Shaywitz, 

1998). Fortunately, for those who are experiencing its negative effects on cognitive 

development, school motivation, well-being, and self-esteem (Lovio et al., 2012), 

during the past decade much progress has been made in our understanding and 

treatment of dyslexia (Lyytinen et al., 2009; Peterson & Pennington, 2015; Shaywitz 

et al., 2008; Van der Leij et al., 2013). Furthermore, research no longer focuses 

solely on English; reading problems in other languages have been receiving 

increased attention (Landerl et al., 2013; Peterson & Pennington, 2015). 

Nonetheless, the mechanisms of typical reading acquisition and the causes of 

deficits in this development remain complex, which makes it all the more fascinating 

that a process this intricate comes so naturally to many of us despite differences in 

socio-economic backgrounds, intellectual capacities, and the characteristics of the 

language script being learned.  

The beginning reader of any alphabetic language essentially needs to learn to 

associate letters with sounds in order to access whole-word phonological 

representations of known words (Grainger & Ziegler, 2011). At first, this phonological 

recoding will involve a serial letter-by-letter reading strategy, as the mechanism for 

parallel letter identification is not yet established. The beginning reader will identify 

the different letters of the word one at a time by shifts of the eyes and shifts of 

attention while learning what sounds they correspond to. This mechanism hinges on 

two crucial sources of information available at this point: spoken vocabulary and 

alphabetical knowledge (Grainger & Ziegler, 2011). The ease with which a new letter 

string can be translated into a phonological code will then depend to a large extent 

on how easily the letters of new words map onto the sounds of the corresponding 

spoken words. 

Accordingly, it is the specific orthography that a child is acquiring that has been 

identified as a central environmental factor influencing reading acquisition and 

dyslexia (for a review, see Ziegler & Goswami, 2005). Moreover, orthographic 

differences across languages have been shown to impose differential weighting on 

neural pathways during word-reading (Das, Padakannaya, Pugh, & Singh, 2011). 

With reading research suggesting that certain orthographies appear easier to learn 

than others (e.g. Aro & Wimmer, 2003; Seymour et al., 2003), one is curious to know 

which orthographic components of a language have been identified as causing these 

differences in complexity. Furthermore, like us, many researchers question whether 

these differences indeed affect the development and expression of dyslexia, and if 

so, in what way. Recently, Borleffs, Maassen, Lyytinen and Zwarts (2017) published 

a paper discussing quantitative indices measuring differences between alphabetic 
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languages in orthographic transparency, syllabic complexity, and morphological 

complexity. According to the authors, more research is needed to understand the 

‘developmental footprint’ of these variables in the lexical organization and processing 

strategies being developed for reading. The current paper therefore reviews the 

literature on orthographic transparency, syllabic complexity, and morphological 

complexity of alphabetic languages trying to provide more insight into their influence 

on reading acquisition and dyslexia. This narrative review thereby focuses on the 

implications for theory development and modelling, taking our lead from the question 

“What can we learn from linguistic analyses of alphabetic scripts to better understand 

the neurocognitive processes involved in impaired and unimpaired reading?” Our 

review of the literature included searches of PubMed, PsychInfo, Web of Science, 

Google Scholar, and various online sources. The search terms pertained to 

orthographic transparency, morphological complexity, and syllabic complexity in 

relation to research on orthographic differences, reading models, reading 

acquisition, and dyslexia. 

 

2.2  ORTHOGRAPHIC TRANSPARENCY 

Complex and opaque orthographic mapping systems can cause particular problems 

not only to the beginner learner but especially so to children having to cope with 

dyslexia (Landerl, Wimmer, & Frith, 1997). Even though all orthographies describe 

the sound structure they represent, there is considerable variability in how 

transparent this grapheme-phoneme relationship is to the learner. This variability in 

orthographic depth (transparency, regularity, consistency) is caused by differences 

in the degree of systematicity with which letter sequences map onto their 

corresponding phoneme sequences (e.g. Aro, 2004; Caravolas et al., 2012; Landerl 

et al., 2013; Protopapas & Vlahou, 2009; Ziegler et al., 2010). In languages with a 

transparent mapping system, orthography reflects surface phonology with a high 

level of consistency. In Indonesian, Finnish, or Italian, for example, the pronunciation 

of a given letter of the alphabet is almost always the same irrespective of the word 

they appear in (e.g. Aro, 2004; Winskel & Lee, 2013; Ziegler et al., 2010). In opaque 

orthographies, such as Danish and English, however, spelling-to-sound 

correspondences can be very ambiguous (e.g. Frost, 2012; Seymour et al., 2003). 

In English, generally considered the least consistent among Indo-European 

languages (e.g. Frost, 2012; Seymour et al., 2003; Share, 2008), a given letter is 

often pronounced differently in different words like the ‘a’ in bag, lake, was, and raw. 

Some letters have no corresponding sound (e.g. ‘w’ in answer), while the same 

sound can have multiple spellings (e.g. /k/ in calm, king, opaque, and track). 

Consequently, many English words cannot be sounded out accurately if the word is 

not part of the reader’s vocabulary. Morphological variations in English are 

characterized by an extensive amount of phonological variations. Changes in 
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pronunciation (e.g. heal-health, courage-courageous) due to derivations, inflections, 

addition of suffixes, changes in stress due to affixation, and so on, have caused the 

English orthography to evolve into a highly inconsistent writing system (Frost, 2012). 

In French, the pronunciation in some cases depends on the context; the numeral dix 

is for example pronounced as /di/ in dix voitures (‘ten cars’), /diz/ in dix arbres (‘ten 

trees’), and /dis/ in tu as dix (‘you have ten’) (Carrillo, Alegría, & Marín, 2013). It 

hence seems obvious that these factors will complicate the reader’s decoding task 

and that positional restrictions of some spelling-to-sound combinations (context 

dependency) need to be part of a reader’s knowledge (Borgwaldt, Hellwig, & De 

Groot, 2005). 

Orthographic transparency manifests itself in a feedforward, grapheme-to-

phoneme fashion and a feedback, phoneme-to-grapheme fashion (Lété, Peereman, 

& Fayol, 2008). The English orthographic system is regarded symmetrical, with its 

orthography being irregular in both directions. Although Finnish grapheme-phoneme 

correspondences are also symmetrical, they are, in contrast to English, regular in 

both directions. Some orthographies are irregular in one direction only. French and 

German, for instance, are regarded as relatively regular from the reading point of 

view but less so from a spelling perspective (Aro, 2004).  

In addition to the potential difficulties arising from the complexity of grapheme-

phoneme relationships, another component of orthographic transparency concerns 

the complexity of determining the graphemic elements of a word (graphemic 

parsing). Languages differ with respect to possible and typical graphemes (single 

letters or letter clusters) which are governed by language-specific graphotactic, 

syllabic, and morphological constraints. Thus, to be able to transform the four-letter 

string of the French word chat (‘cat’) into the two-phoneme translation /ʃɑ/, the reader 

first has to be aware that the string chat contains three graphemes ‘ch’, ‘a’, and ‘t’, 

and, secondly, that ‘ch’ maps onto /ʃ/ and ‘at’ onto /ɑ/ in this particular context. This 

requires knowledge of which letter clusters can occur in the French orthography and 

which possible correspondences there are between graphemes and phonemes in 

this language (Van den Bosch, Content, Daelemans, & De Gelder, 1994).  

Theoretically, the evolution of writing systems could have closely followed the 

phonological forms of a language and conveyed the different pronunciations of 

different morphological variations to the reader. However, several writing systems 

have evolved that provide readers with the meaning of the written forms by indicating 

their etymological and morphological origins rather than by simplifying phonological 

decoding, whereby the level of orthographic transparency has essentially been 

influenced by morphological information, thereby modulating the complexity of the 

reading process. As a consequence, knowledge of grapheme-phoneme 

correspondences alone will not suffice to decide on the correct spelling, 

pronunciation, and meaning in every language.  
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2.2.1 Orthographic transparency and reading acquisition 

Several researchers have raised the important question as to what extent the 

cognitive mechanisms underlying reading acquisition vary across orthographies. 

Theoretical considerations (e.g. the orthographic depth hypothesis by Katz and 

Frost, 1992, and the grain size theory by Ziegler and Goswami, 2005) as well as 

empirical evidence (e.g. Aro & Wimmer, 2003; Caravolas et al., 2013; Seymour et 

al., 2003) suggest that transparent orthographies with highly regular grapheme-

phoneme mappings are acquired more easily than opaque and complex 

orthographies with a high proportion of irregular and inconsistent spellings. 

The majority of the English-based models of reading acquisition share a common 

idea of dual-processing routes. The traditional ‘dual-route’ models (Coltheart, Curtis, 

Atkins, & Haller, 1993; Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Perry, 

Ziegler, & Zorzi, 2007; 2010) conceive of a direct, lexical route for whole-word 

recognition and an indirect, sublexical route for phonological decoding, suggesting 

that readers adapt their reliance on the two processing routes depending on the 

demands of the orthography.  

In line with this notion that during learning the reading process is adapted to the 

orthography being decoded, the orthographic depth hypothesis (ODH) proposes that 

word identification in shallow orthographies is primarily based on phonological pre-

lexical computation, whereas in deep orthographies this process relies strongly on 

orthographic cues (Frost, 2005; Katz & Frost, 1992). This ‘strong’ ODH, which labels 

the core processes as either ‘phonological’ or ‘orthographic’ according to the depth 

of the orthographic system, also has a ‘lighter’ version in which orthographic 

knowledge is assumed to be involved in word identification in shallow orthographies 

(Carrillo et al., 2013). Nonetheless, even in this less stringent model, the role of 

phonology is considered far more important in shallow than in deep orthographies.  

Following the ODH, one could hypothesize that, from the perspective of reading 

acquisition, phonological pre-lexical computation in deeper orthographies is 

insufficient to identify most words. In these orthographies, the grapheme-phoneme 

correspondences are complex and irregular, possibly necessitating the recognition 

of rime units or attempts at whole word identification in addition to (or instead of) 

grapheme-phoneme conversion strategies to allow accurate word recognition (Aro, 

2004; Carrillo et al., 2013; Ziegler & Goswami, 2005), protracting the reading 

acquisition process. Since in shallow orthographies the grapheme-phoneme 

correspondences are simple and straightforward, one would conversely expect the 

development of phonological recoding to be rapid and the mastery of phonemic 

assembly to be sufficient for accurate word recognition. Once the child has learned 

the sounds of letters of a shallow writing system, it should be able to read every 

possible word by building word pronunciations based on grapheme-phoneme 

correspondences.  
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Several monolingual studies of reading in relatively transparent writing systems 

have indeed found high accuracy scores for word and pseudoword decoding toward 

the end of the first year of formal education. Cossu, Gugliotta, and Mashall (1995), 

for example, showed that Italian children were able to read on average 94% of the 

presented words and 82% of the pseudowords correctly, while Greek children were 

shown to have attained an average accuracy level of 90% for words and 89% for 

pseudowords by the end of the first grade (Porpodas, Pantelis, & Hantziou, 1990). 

This fast development of decoding skills in transparent orthographies is attributed to 

simple grapheme-phoneme conversion rules that do not place high demands on 

phonological processing for decoding (Aro et al., 1999; Mann & Wimmer, 2002). By 

contrast, English-speaking children have been found to perform relatively poorly on 

accuracy tests: by the end of the first year, Scottish children were able to read 29% 

of English pseudowords correctly (Seymour et al., 2003).  

Assessing numeral reading, number-word reading, and pseudoword reading in 

their cross-linguistic study, Aro and Wimmer (2003) compared the performance of 

English-speaking children in grades 1 to 4 with that of same-year children speaking, 

German, Dutch, Finnish, French, Spanish, and Swedish. By the end of the first year, 

reading accuracy for pseudowords was already around 85% for the German, Dutch, 

Spanish, and Finnish children and over 90% for the Swedish children, while the 

English children had achieved a 50% accuracy only; they did not reach their peers’ 

high accuracy levels until grade 4. Based on these results, the authors concluded 

that ability to translate unknown letter strings into acceptable pronunciations was 

easily attained in all orthographies studied, except for English.  

Seymour et al. (2003) demonstrated the impact of orthographic complexity on 

reading development by evaluating 13 European orthographies. The authors placed 

English at the far end of their classification as possessing the most complex 

orthographic system of all European languages included. In the majority of countries, 

children were able to read familiar words and had attained simple decoding skills 

before the end of the first year, while readers acquiring deeper orthographies 

(French, Portuguese, Danish, and English) were still struggling. Their results 

suggested that the rate of early reading acquisition in English was slower by a ratio 

of about 2.5:1 than in most European orthographies. These results are in line with 

other studies confirming that learning to read is easier in more shallow orthographies. 

They include comparisons of Dutch with English (Patel et al., 2004), German with 

English (Wimmer & Goswami, 1994), Turkish with English (Öney & Goldman, 1984), 

Spanish with French, and English (Goswami, Gombert, & Barrera, 1998), Welsh with 

English (Spencer & Hanley, 2003), English, Hungarian, Dutch, Portuguese, and 

French (Ziegler et al., 2010), and English with Spanish, and Czech (Caravolas et al., 

2013).  
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  According to Seymour et al. (2003), the delayed acquisition of foundation literacy 

in English and to a lesser extent also in Danish, can be interpreted as a combined 

effect of an inconsistent system of grapheme-phoneme correspondences and a 

complex syllabic structure. The authors define this complex syllable structure in 

terms of a predominance of closed CVC syllables and the presence of numerous 

initial and final consonant clusters. Syllabic complexity will be discussed more 

extensively later in this paper. Seymour and colleagues hypothesize that, in 

accordance with ODH, in the deeper orthographies reading acquisition may be 

based on the formation of a dual (a logographic and an alphabetic) foundation, which 

takes more than twice as long to attain as the single (alphabetic) process when 

learning a shallow orthography. Within this foundation-literacy framework (Seymour, 

1990; 1997; 1999), the logographic process facilitates the identification and storage 

of familiar words, whereas the alphabetic process supports sequential decoding. The 

authors propose that dual-process learning, which implies the concurrent 

development of both processing routes, demands the engagement of a wider range 

of cognitive skills than single-process learning. Arguably, in conditions in which 

attention and processing resources need to be divided between two learning 

processes, learning will occur more slowly than it will under conditions in which all 

resources are dedicated to a single process. The authors suggest that there is a 

threshold of orthographic complexity which, once exceeded, results in an abrupt 

change in the way foundation literacy is acquired. If the orthography meets the 

relevant criteria of simplicity, then a single-process alphabetic foundation will be 

developed as the basis for later reading. Once the threshold has been exceeded, 

the cognitive architecture of the reading process changes drastically with the 

introduction of a dual-process system. Following their comparison of reading 

acquisition across European orthographies, the authors propose that Portuguese, 

French, Danish, and English exceed the threshold while the other nine orthographies 

(Dutch, German, Greek, Finnish, Norwegian, Spanish, Icelandic, Swedish, and 

Italian) do not. 

Along similar lines, in their grain size theory Ziegler and Goswami (2005) argue 

that the differences in reading acquisition as shown by Seymour et al. in their 2003 

study reflect fundamental differences in the nature of the phonological recoding and 

reading strategies developing in response to the specific orthography to be learned. 

Unlike Seymour at al., however, their framework focuses on the different sizes of the 

orthographic units the reader uses rather than two separate processing routes. The 

authors hypothesize that children who are trying to master an orthographically more 

consistent alphabetic language such as Greek, Italian, German, or Spanish, rely 

heavily on grapheme-phoneme recoding strategies as these mappings are relatively 

consistent, whereas children learning to read less consistent orthographies cannot 

use smaller grapheme units as easily because, at least in English, smaller grain sizes 
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tend to be less consistent than larger grain sizes (Treiman, Mullennix, Bijeljac-Babic, 

& Richmond-Welty, 1995). This may well result in the development of recoding 

strategies that enable the learner to decode at the level of multiple grain sizes, 

complementing grapheme-phoneme conversion strategies with the recognition of 

letter patterns for rimes and attempts at whole-word recognition. Indeed, English-

speaking children have been shown to benefit from a focus on larger units such as 

rimes as part of reading instruction (Kyle et al., 2013).  

Seymour et al. (2003) and Ziegler and Goswami (2005) all question the extent to 

which the two processing routes proposed in the dual-route approach develop in 

more transparent orthographies. Assuming the extreme position of English with 

regard to orthography-phonology relationships, Ziegler and Goswami even argue 

that some of the most refined processing architectures (e.g. two separate routes to 

pronunciation in the skilled reading system) may in fact only develop in speakers of 

English. Similar to Ziegler and Goswami (2005), a growing number of researchers 

have raised doubts about the generalizability of the dual-route system beyond 

English (e.g. Hutzler & Wimmer, 2004; Share, 2008), and have criticized the 

“Anglocentrism” (Share, 2008) in reading research. One may indeed argue that if the 

orthography-phonology relationships are regular, then a second, lexical route 

tailored specifically to whole-word recognition would be dispensable. In that case, a 

more parsimonious one-route model would suffice to be able to read every 

pronounceable word and pseudoword. 

Share (2008), on the other hand, observes that the aforementioned reservations 

about the existence of a lexical route for both transparent and opaque orthographies 

ironically overlook a fundamental duality in reading that applies to all words in every 

possible orthography, irrespective of their degree of (ir)regularity. All words are 

visually unfamiliar at some point in reading development, which implies that every 

new reader must possess some kind of strategy to individually identify words he or 

she encounters for the first time. Moreover, every reader must eventually attain a 

high level of automatization in visual word recognition to rapidly and effortlessly 

recognize familiar words and morphemes (Perfetti, 1985) that are then perceived as 

whole units via a direct-retrieval mechanism (Ans, Carbonnel, & Valdois, 1998). 

Share (2008) argues that the ability to automatize or modularize the word-

identification process is probably the essence of the reading skill (Perfetti, 1985), 

even more so than the ability to build the accurate pronunciation of words varying in 

spelling-sound consistency. Hence Share (2008) claims that both the decoding 

strategy and this rapid, direct-retrieval mode apply to all words in all orthographies, 

both regular and exceptional.  

In line with this claim, Caravolas et al. (2013) argue that based on the results of 

a longitudinal study of the development of early literacy skills in English, Spanish, 

and Czech, differences in orthographic depth will not demand for the involvement of 



CHAPTER 2 

 

40 

different cognitive mechanisms but will mainly be expressed in the rate of reading 

development. Although the growth in reading skills in Caravolas et al.’s study was 

indeed found to be slower and followed a different trajectory in English than in the 

more consistent Czech and Spanish orthographies, the similar patterns of prediction 

of variations in reading development from three core cognitive skills, i.e. phoneme 

awareness, rapid automatized naming, and letter knowledge (Caravolas et al., 

2013), suggest that the same cognitive mechanisms underlying reading acquisition 

are involved across the different languages (also see Vaessen et al., 2010). 

 

2.2.2 Orthographic transparency and dyslexia 

Assuming lexical and sublexical processing routes for reading, models of impaired 

reading acquisition have been developed describing different types of reading 

problems depending on the component of the skill being most affected. The contrast 

between ‘surface dyslexia’ (disordered word-specific lexical processing) and 

‘phonological dyslexia’ (disordered grapheme-to-phoneme conversions) reflects 

such a distinction (e.g. Aro, 2004; Ellis, 1985). Ziegler and Goswami (2005) 

nonetheless argue that children with dyslexia in different languages exhibit common 

phonological deficits and that predictors of reading performance, at least in 

alphabetic languages, are relatively universal. Nonetheless, the predictors’ precise 

weights may vary as a function of the transparency of the mapping system, as might 

be the case for the indicators of dyslexia. Dyslexia in transparent orthographies 

typically becomes apparent on the basis of extremely slow and effortful phonological 

recoding in combination with very poor spelling, whereas in less transparent 

orthographies dyslexia is usually characterized by inaccurate reading alone although 

reading speed and spelling skills may also be affected.  

A study of diagnostic profiles of dyslexic Dutch-speaking children by Tilanus et 

al. (2013) confirms that in a transparent orthography reading is a matter of speed 

rather than accuracy (also see Landerl & Wimmer, 2008), and that it is a phonological 

deficit that underlies the reading problems (Wimmer & Schurz, 2010). To explain the 

low reading speed, it is proposed that dyslexic readers persist in using an inefficient, 

sublexical decoding strategy (De Luca, Borrelli, Judica, Spinelli, & Zoccolotti, 2002; 

Hutzler & Wimmer, 2004; Martens & De Jong, 2006; Spinelli et al., 2005) instead of 

developing a reliance on more efficient parallel word-recognition strategies, as is the 

case in typical reading development (Tilanus et al., 2013). This notion would coincide 

with findings that in dyslexic readers reading speed is affected by word length 

(Marinus & De Jong, 2010; Martens & De Jong 2006; Spinelli et al., 2005; Ziegler, 

Perry, Ma-Wyatt, Ladner, & Schulte-Körne, 2003).  

As research has shown that in children with reading difficulties in transparent 

orthographies reading speed is usually slowed but reading accuracy relatively 

unaffected following the very early stages of reading acquisition (e.g. Constantinidou 
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& Stainthorp, 2009; Dandache et al., 2014; Holopainen et al., 2001; Landerl & 

Wimmer, 2008; Tressoldi et al., 2001), their phoneme identification and phonological 

decoding seems to be relatively intact (Barca, Burani, Di Filippo, & Zoccolotti, 2006; 

Martens & De Jong, 2006; Ziegler & Goswami, 2005). If grapheme-to-phoneme 

correspondences are consistent, even dyslexic children are apparently able to map 

printed words onto their spoken forms. It has even been suggested that in languages 

with a transparent orthography (German in this case) symptoms of poor reading are 

less severe in children at the lower end of the reading ability distribution than they 

are in their English counterparts, at least in terms of accuracy (Landerl et al., 1997). 

Results from the same studies also indicated, however, that in transparent 

orthographies the rate of word decoding in poor readers was relatively low compared 

to that of typical readers, while it should likewise be noted that several other studies 

found some of the poor readers in transparent orthographies to show a tendency 

toward inaccurate reading as well (e.g. Boets et al., 2010; Eklund et al., 2015; 

Sprenger-Charolles et al., 2000).  

In their review of the prevalence and reliability of dyslexic subtypes in languages 

varying in orthographic depth (French, Spanish, and English), Sprenger-Charolles, 

Siegel, Jiménez and Ziegler (2011) conclude that comparisons of dyslexic children 

and reading level controls reveal that the ‘phonological subtype’ of dyslexia 

corresponds to a deviant developmental trajectory across all three languages, 

whereas the ‘surface subtype’ reflects a delayed development. Except in the study 

by Jiménez et al. (2009), the orthographic skills of the children with surface dyslexia 

did not differ from those of the reading-level controls in the articles they evaluated 

(Castles & Coltheart, 1993; Génard et al., 1998; Jiménez, Rodríguez, & Ramírez, 

2009; Manis, Seidenberg, Doi, McBride-Chang, & Peterson, 1996; Sprenger-

Charolles et al., 2000; Stanovich, Siegel, & Gottardo, 1997; Ziegler et al., 2008). It is 

worth noting that the orthographic deficit observed in the Jiménez et al. study was 

found to be related to poor home literacy experiences (e.g. print exposure). By 

contrast, the phonological reading skills of the phonological dyslexics were 

systematically inferior to those of the controls (e.g. Manis et al., 1996; Stanovich et 

al., 1997; Sprenger-Charolles et al., 2000), and some studies observed the same 

effects in the phonological reading abilities of surface dyslexics (e.g. Sprenger-

Charolles et al., 2000). Moreover, studies in which phonemic awareness was 

assessed (Manis et al., 1996; Sprenger-Charolles et al., 2000; Stanovich et al., 1997; 

Ziegler et al., 2008; Jiménez et al., 2009) found a phonological deficit in the 

phonological dyslexics, while three studies also uncovered this deficit in surface 

dyslexics (Jiménez et al., 2009; Sprenger-Charolles et al., 2000; Ziegler et al., 2008). 

For this finding, Sprenger-Charolles et al. (2011) offered the explanation that the 

surface-dyslexic profile may develop from a mild phonological deficit together with a 

lack of reading opportunities. This would explain why surface dyslexics are 
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frequently found to have both impaired phonological and orthographic reading 

abilities, the latter impairment being explained by the fact that the establishment of 

well-defined orthographic representations requires frequent exposure to print (Harm 

& Seidenberg, 1999). The Sprenger-Charolles et al. review furthermore showed that 

cross-language differences were evident in the distribution of dyslexic profiles.  

When the classification was based on accuracy scores, the percentages of 

surface dyslexics were higher than those for phonological dyslexics in the French 

and Spanish studies (Génard et al., 1998; Jiménez et al., 2009; Sprenger-Charolles 

et al., 2000; Ziegler et al., 2008), but no such systematic difference was obtained in 

the accuracy-based English studies (Castles & Coltheart, 1993; Manis et al., 1996; 

Stanovich et al., 1997). According to the reviewers these results do not indicate that 

phonological decoding deficits are non-existent in transparent orthographies but 

rather that reading speed needs to be considered to detect such a deficit (also see 

Share, 2008).  

Schiff, Katzir and Shoshan (2013) examined the effects of orthographic 

transparency on fourth-grade readers of Hebrew, revealing a different pattern of 

reading development among the children with dyslexia. The Hebrew script is 

characterized by a special denotation of vowel information and consists of both a 

vowelized and an unvowelized script. Whereas the vowelized Hebrew script is 

regarded highly consistent and regular representing both consonants and vowels 

using vowel letters as well as diacritic marks, the unvowelized script is considered 

orthographically inconsistent and irregular as it is written without any diacritics 

representing vowels that are not conveyed by the basic alphabet (Schiff, 2012). 

Interestingly, their results suggested that, in contrast to typically developing young 

readers of Hebrew who were shown to rely on vowelization for the acquisition of 

orthographic representations during early reading, no such reliance was found 

among the dyslexic readers. The authors propose that this might be due to flawed 

grapheme-phoneme conversions skills, preventing the dyslexic readers from using 

the vowelized script as a self-teaching mechanism for the development of an 

orthographic lexicon needed for the later decoding of unvowelized words (Share, 

1995). As no significant differences were found in reading accuracy between the 

consistent vowelized and the inconsistent unvowelized scripts, vowelization did not 

seem to contribute to reading accuracy among the dyslexic children. These findings 

are at odds with previous cross-linguistic studies showing that dyslexic children 

reading transparent orthographies performed better on reading accuracy tasks than 

those having to master more opaque orthographies (Landerl et al., 1997; Ziegler et 

al., 2003). Schiff et al. (2013) propose that dyslexic children in languages with both 

vowelized and unvowelized scripts possibly minimize the role of vowelization in 

phonological decoding and might perceive the different scripts within the language 

as being similar. This would in turn indicate that the severe difficulties that these 
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dyslexic children are experiencing in Hebrew might prevent them from developing 

more efficient reading strategies.  

 

2.3  MORPHOLOGICAL COMPLEXITY 

A significant number of the words we read every day are morphologically complex. 

In French and English, for example, this concerns approximately 75% and 85% of 

the words, respectively (Grainger & Ziegler, 2011). Morphologically complex words 

such as work may, for example, have inflected forms (e.g. works, workers, working), 

prefixed and suffixed derivations (e.g. worker, rework), and compounds (e.g. 

workplace). Once the reader has learned to recognize a root word or morpheme, the 

orthographic knowledge of this word or morpheme will facilitate reading words based 

on the same root like worker and working (Elbro & Arnbak, 1996).  

Several researchers have suggested that, in addition to sensitivity to phonemes, 

sensitivity to the language’s morphological structure plays an important role in the 

reading process (e.g. Casalis & Louis-Alexandra, 2000; Elbro & Arnbak, 1996; for 

reviews see Mann, 2000, and Nagy et al., 2013), and more particularly in reading 

difficulties (e.g. Ben-Dror et al., 1995; Leikin & Hagit, 2006; Lyytinen & Lyytinen, 

2004; Schiff & Raveh, 2007). Morphological awareness has been found to be 

correlated with word reading, spelling, and vocabulary knowledge in English and a 

number of other languages (e.g. Kuo & Anderson, 2006; Schiff & Raveh, 2007; Shu, 

McBride-Chang, Wu, & Liu, 2006). Moreover, an increasing body of research 

demonstrates that, as early as the second grade, developing readers rely on 

morphemes when processing morphologically complex words and pseudowords, as 

was shown for English (Carlisle & Stone, 2005), French (Colé, Bouton, Leuwers, 

Casalis, & Sprenger-Charolles, 2012), and Italian (Burani, Marcolini, & Stella, 2002).  

Unlike phonological awareness, of which the importance, at least in transparent 

orthographies, has been shown to decrease once the basic decoding rules have 

been mastered (e.g. Furnes & Samuelsson, 2011; Georgiou et al., 2008; Holopainen 

et al., 2001; Leppänen, Niemi, Aunola, & Nurmi, 2006; Vaessen et al., 2010), the 

relevance of morphological awareness for reading increases throughout the school 

years (e.g. Carlisle, 2000; Mahony, Singson, & Mann, 2000; Schankweiler et al., 

1995), with morphological knowledge continuing to develop across the upper 

elementary years (Berninger, Abbott, Nagy, & Carlisle, 2010) and beyond (Tyler & 

Nagy, 1989). The recognition of familiar morphemes has been shown to facilitate 

accuracy and speed of reading and the spelling of morphologically more complex 

words (Carlisle & Stone, 2005). Analysing Hebrew words, Ben-Dror et al. (1995) 

illustrated that their recognition and understanding could be facilitated by ready 

knowledge of word structure and rules of word derivation, which may be due to the 

fact that early knowledge of word structures eases the formation and contributes to 
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the quality of word-specific representations in memory (Acha, Laka, & Perea, 2010; 

Nagy et al., 2013), which in turn facilitates visual word recognition.  

Especially in orthographies with an opaque writing system, the morphological 

structure of words functions like an anchor to the reader (Schiff & Raveh, 2007). 

Because of their often less transparent grapheme-phoneme correspondences, these 

orthographies are not only governed by phonology but also by morphology. In fact, 

many phonemic irregularities may from the morphological perspective be 

regularities. Silent letters in English, such as in condemn and bomb, are regular 

when they occur in condemnation and bombardment. In addition, the spelling of the 

phonemically ambiguous letters ‘c’ and ‘s’ in electricity and university, are spelled in 

morphological analogy with the words electric and universe (Elbro & Arnbak, 1996). 

English is an extreme example of a language in which morphological information is 

also coded in spelling. However, in many other languages the reading process also 

entails more than a ‘simple’ decoding of grapheme-phoneme correspondences. An 

illustrative example is French morphology (Carrillo et al., 2013), which is more 

thoroughly represented in written than in spoken language since it makes use of 

numerous orthographic marks lacking any phonological counterparts. This is for 

instance the case with the final ‘s’ in plurals of nouns and adjectives and the final ‘nt’ 

of verbs, like the homophones il chante (‘he sings’) and ils chantent (‘they sing’) 

where both words are pronounced identically as /il ʃɑ̃t/.  

Although studies have shown that the time needed to become an accurate and 

fluent reader appears considerably shorter for transparent orthographies with 

unambiguous grapheme-phoneme correspondences than the period required for 

orthographies with less consistent and predictable spellings (Seymour et al., 2003), 

to date little research has focused on whether typological properties, such as 

morphological complexity of the specific orthography to be acquired, have an impact 

on the development of visual word-recognition skills and dyslexia. 

 

2.3.1 Morphological complexity and reading acquisition  

Stage models of reading such as Ehri’s (2005) suggest that the most proficient 

readers read multisyllabic words via chunking, which reduces the demand on 

working memory  (Nagy et al., 2013). The word interesting, for example, can be read 

in two chunks via morphemes (interest + ing), sidestepping eleven grapheme-

phoneme connections (Nagy et al., 2013) as for these long, morphologically complex 

words, a letter-by-letter decoding strategy would be highly inefficient. However, a 

major problem with prelexical morphological decomposition is that it cannot 

differentiate between pseudo-morphemes and real morphemes. Only after the 

reader has recognized the word, does it become clear whether a particular letter 

string is indeed the morpheme it resembled. Car might, for instance, be the root in 

carpet and read in ready, even though, of course, they are not.  
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In the dual-route model of orthographic processing proposed by Grainger and 

Ziegler (2011), the distinction between the traditional ‘direct’ orthographic and 

‘indirect’ phonological routes is extended with a distinction between two orthographic 

pathways, most specifically differing in terms of the level of precision with which 

letter-position information is coded. The authors posit that, with respect to 

morphological processing, morpho-orthographic decomposition occurs along the 

fine-grained orthographic processing route of their model. A fine-grained 

orthographic code provides precise information about the ordering of the letters in a 

string necessary for the detection of affixes (e.g. to identify the suffix -er in the word 

farmer, or to distinguish between the real suffix -ion and the non-suffix -oin). The 

fine-grained route is not limited to the processing of single grapheme representations 

but is more generally dedicated to optimize processing via the chunking of frequently 

co-occurring contiguous letter combinations, such as multi-letter graphemes and 

morphemes. Morphosemantic processing is supposed to occur via a coarse-grained 

route enabling the reader to access morphological representations very rapidly. The 

coarse-grained code optimizes the orthography-to-semantics mapping by selecting 

letter combinations that are the most informative with respect to word identity 

(diagnosticity) in the absence of precise positional information and independent of 

the morphological structure of the word. The use of coarse-grained coding for 

morpho-orthographic decomposition would create too many false affix detections, 

like detecting the suffix -er in their, just as would be the case with complex 

graphemes.  

The Finnish orthography provides an interesting example of a language 

possessing an extremely transparent set of grapheme-phoneme correspondences 

but a complicated and opaque morphology. The close-to-perfect grapheme-

phoneme correspondences and the small number of essential correspondence rules 

make this writing system optimal for reading acquisition from the phonological 

decoding perspective. The number of consonant clusters is small and the phonemic 

structure of syllables simple, allowing the use of left-to-right phonological recoding 

strategies without the need for explicit graphemic parsing; all factors that should 

promote the reading acquisition process. When it comes to word-recognition, 

however, then the effectiveness of these ‘beneficial’ factors is reduced by 

characteristics of the Finnish morphology as the majority of Finnish words are 

polysyllabic and tend to be long due to the rich derivational system, highly productive 

compounding, and agglutinative morphology (Aro, 2004; Lyytinen et al., 2006). Any 

Finnish noun, for example, can have over 2,000 orthographic forms created by 

different combinations of case, plural, and a variety of clitics. For verbs, the number 

of forms is even higher (Niemi, Laine, & Tuominen, 1994). When considering 

derivations and the highly productive compounding, the number of possible lexical 

environments in which a Finnish root can exist is enormous (Aro, 2004). Many of the 
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morphological variations of the same words often differ by one phoneme only (e.g. 

talo ‘house’; talossa ‘in house’; talosta ‘from house’). As a consequence, the reader’s 

phonological representations must be accurately specified in order to be able to use 

such inflections (Torppa, Lyytinen, Erskine, Eklund, & Lyytinen, 2010).  

Turkish and Basque are other examples of orthographically transparent 

languages with an agglutinative morphology (Acha et al., 2010; Durgunŏglu & Öney, 

1999). In these languages, syntactic phrases tend to be made up of words formed 

by stacking functional morphemes to the stem (Acha et al., 2010). In languages in 

which the morphological structure of a given word hardly ever changes depending 

on its function in the sentence or the phrase it belongs to, a word will be retrieved 

with little effort once it has been stored in the orthographic lexicon (Acha et al., 2010). 

In contrast, the agglutinative nature of some morphological systems results in words 

of considerable length that contain multiple parts of the semantic information. The 

Finnish word näytettyämme (‘after we have shown’) for example, contains the stem 

näy, the derivative +te, the past participle +tty, case marker +ä and the possessive 

particle +mme (Lyytinen et al., 2006). Moreover, given the many root forms that are 

affected by inflection, the ability to recognize roots is not sufficient to recognize words 

(Aro, 2004).  

Lyytinen and Lyytinen (2004) found that, by age 3, when Finnish children have 

developed basic inflectional skills, most of them already have an implicit ability to 

manipulate small phonological units. More than one third is able to read before the 

start of formal reading instruction, while more than 95% develops accurate reading 

skills during the first year (Holopainen et al., 2001). To explain the large number of 

exceptional inflections that are already understood at school-entry age, it has been 

suggested that Finnish children are highly oriented toward the details of spoken 

language in order to differentiate words with small (single phonemic) variations. Such 

an orientation to small phonemic differences would explain the connection between 

inflectional morphology and reading accuracy and fluency in Finnish (Torppa et al., 

2010). Whereas Finnish children use the grapheme-phoneme correspondences to 

read Finnish words during their first school year (Holopainen, Ahonen, & Lyytinen, 

2002), in the third year they are able to read morphologically complex words better 

and faster than mono-morphemic words, especially if the words are low-frequency 

words (Bertram, Laine, & Virkkala, 2000). These findings suggest that children learn 

to recognize the morphemic structure of Finnish words through the recognition of 

their constituent stems and morphemes (Acha et al., 2010). When no or only weak 

full-form representations are available for infrequent mono-morphemic words, little 

sense can be made of mono-morphemic words that do not contain sublexical units. 

For derived words, however, sublexical units do exist in the form of rather high-

frequent morphemes, and recognizing words based on these units seems to offer 
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the young Finnish reader a rather successful back-up option, be it more successful 

in high- than in low-productive derivations (Bertram et al., 2000).  

Consistent with the Finnish findings, there is evidence suggesting that Turkish 

children are also already skilled at decoding complex pseudowords by the end of the 

first grade (Öney & Goldman, 1984), while they were also found to develop a 

sensitivity to word-final elements in their language during the same period: 

kindergarten and first-grade pupils were shown to be more proficient in deleting final 

phonemes of words than their English peers (Durgunŏglu & Öney, 1999). Since 

Turkish is an inflected language, the last part of the word is continuously rearranged 

when new inflections are added. Variation in suffixes is very common and may result 

in vowel dropping in suffixes. Being a speaker of Turkish hence requires constant 

monitoring and manipulation of subword linguistic components, where attention 

needs to be paid to the phonological characteristics of suffixes and the speaker has 

to choose between alternate surface forms of the suffix based on phonological 

criteria (Durgunŏglu & Öney, 1999). Learning to pay special attention to the ending 

of words could then mediate the progression from decoding to more automatic 

reading of larger units in Turkish (Acha et al., 2010).  

Results from the Acha et al. (2010) study suggest that in Basque word recognition 

is modulated by children’s knowledge of word inflections at the earliest stage of 

reading. The development of inflected-word recognition was examined in beginning 

(third-grade), intermediate (sixth-grade), and proficient (student) readers who were 

all receiving formal instruction in the Basque language. The coexistence of Spanish 

and Basque in the Basque Country of Spain enabled the authors to compare the 

reading behaviours of readers with different skill levels in Basque morphology (L1- 

vs. L2-speakers of Basque). Basque and Spanish both have a transparent and 

regular orthography. However, whereas Basque is an agglutinative language, 

Spanish is not. Of particular interest here is that Acha et al. found that the manner in 

which correctly inflected Basque words were identified across age groups was 

modulated by the readers’ native language. Third-grade L1-readers of Basque were 

able to read the correctly inflected words faster than their L1-Spanish peers and were 

also faster at detecting whether the inflected words were correct or incorrect, 

showing an error rate that was independent of number and type of inflections, while 

the L1-Spanish children produced more errors with increasing word length. The 

authors propose that the L1-Spanish readers seem to have already started storing 

words but not their inflections, which is why, when inflection decoding was needed, 

the number of errors increased the more letters words contained. This difference 

between groups diminished with age. Apparently, as the readers’ vocabularies grow 

and once stem and inflections have been added to the lexicon, differences at word-

identification level between first- and second-language readers tend to vanish. Acha 

and colleagues (2010) suggest that in agglutinative languages like Basque, young 
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speakers who are aware of the morphological properties of their native tongue as an 

intrinsic part of their linguistic knowledge, differ in the way they identify inflected 

words from same-age second-language learners: the former readers were 

substantially more proficient and accurate at decomposing and identifying word 

constituents than their Spanish peers. The authors go on to explain that children in 

agglutinative languages appear to use orthographic knowledge they acquire from 

reading to develop a complete lexical system in which not only words but also 

inflectional morphemes are fully represented and retrievable. They additionally 

propose that, consistent with previous findings for Finnish and Turkish children 

(Durgunŏglu & Őney, 1999; Lyytinen, Leinonen, Nikula, Aro, & Leiwo, 1995) young 

readers of agglutinative languages focus their attention on word endings when 

searching for salient cues, rapidly discriminating between subtle differences at word 

boundaries. 

 

2.3.2 Morphological complexity and dyslexia 

While the relationship between phonological processing and dyslexia has been 

extensively studied, much less in known about associations between morphological 

processing and dyslexia. In their pioneering work, Elbro and Arnbak (1996) presume 

that dyslexic readers are particularly prone to rely on morphemes during visual word 

recognition. They, moreover, may adopt morphological analyses as a compensatory 

strategy to reduce the negative influence of their phonological deficit on visual word 

recognition (e.g. Casalis, Colé, & Sopo, 2004; Elbro & Arnbak, 1996; Leikin & Hagit, 

2006). As dyslexic individuals have been shown to have difficulties reading new 

(Rack, Snowling, & Olson, 1992) and long words (Martens & De Jong, 2006), visual 

word recognition may be facilitated by their decomposing morphologically complex 

words into morpheme-size units (Quémart & Casalis, 2015). While typically 

developing readers are able to recognize words as a whole by rapidly accessing 

orthographic and phonological codes, dyslexic readers may be forced to resort to 

morphological decomposition for lexical access since their decoding abilities are 

weak and whole-word processing would be slow and inefficient (Leikin & Hagit, 

2006). Although some researchers argue that processing written morphemes 

requires the ability to also process small-sized grapheme-phoneme 

correspondences (e.g. Duncan, Seymour, & Hill, 2000), others suggest that reading 

development does not necessarily involve a small-to-large unit progression (Ziegler 

& Goswami, 2005) and that in dyslexic readers associations between orthography 

and phonology are made at a coarse-grained level involving multiletter or morphemic 

units (e.g. Hatcher & Snowling, 2002).  

Elbro and Arnbak’s (1996) is a meaning-driven hypothesis of morphological 

decomposition in dyslexic readers (see also Casalis et al., 2004), where the 

activation of the meaning of morphemes is the central process in morphological 
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decomposition when reading aloud. Supporting their hypothesis and contrary to 

reading-level controls, the dyslexic children in their study recognized morphologically 

transparent words such as sunburn more successfully than non-transparent items 

such as trumpet. Burani, Marcolini, De Luca and Zoccolotti (2008) instead assume 

that the processing of written morphology does not necessarily require the activation 

of semantic knowledge when reading aloud (see also Traficante, Marcolini, Luci, 

Zoccolotti, & Burani, 2011). Researchers supporting their form-driven hypothesis of 

morphological decomposition propose that children with dyslexia are better able to 

grasp morphemic units than graphemic units when reading long and infrequent 

words, because morphemes are larger units than graphemes and therefore easier 

to capture (Quémart & Casalis, 2015).  

A number of studies analysing different languages found dyslexic readers to show 

greater deficits in morphology than regular readers (e.g. Ben-Dror et al., 1995; 

Siegel, 2008). Furthermore, Finnish children experiencing problems with morphemic 

identification during the early years of reading instruction have been shown to have 

a greater risk of developing dyslexia later on (Lyytinen & Lyytinen, 2004). However, 

not all researchers agree on whether weak performance on morphological 

processing tasks is a primary deficit (e.g. Ben-Dror et al., 1995; Joanisse, Manis, 

Keating, & Seidenberg, 2000) or a secondary problem caused by a phonological 

deficit (e.g. Fowler & Liberman, 1995; Shankweiler et al., 1995). Supporters of the 

first assumption claim that individuals with reading disabilities lack basic 

morphological skills due to a delayed development of language skills or deficiencies 

in the morphological domain itself. This view rests primarily on the finding that 

morphological and phonological abilities seem to be relatively independent of each 

other (Casalis & Louis-Alexandra, 2000; Mahony et al., 2000). Supporters of the 

latter theory argue that poor performance on morphological tasks largely stems from 

the same weakness in the phonological component assumed to underlie dyslexia.  

Studies investigating the ability of dyslexic readers to make use of morphemes 

during visual word recognition have yielded inconsistent results. Schiff and Raveh 

(2007) reported a lack of sensitivity to the morphological structure of words in adult 

Hebrew readers with dyslexia. They compared the effect of morphological priming in 

a word-fragment completion task (e.g. scanner-scan) with a repetition-priming effect 

(e.g. scan-scan). Contrary to a strong effect of morphological priming in typical 

readers, in the dyslexic readers the target completion rate was not influenced. The 

authors (Raveh and Schiff, 2008) obtained similar results on a primed visual lexical 

decision task. They (2007) suggest that the lack of sensitivity to morphological 

primes of adult Hebrew dyslexics shows that their lexical access does not involve 

morphological decomposition. Deacon, Parrila, and Kirby (2006) found that, in 

contrast to average adult readers of English, high-functioning dyslexic readers were 
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not influenced by the morphological complexity of words when performing a lexical 

decision task. 

Italian children with dyslexia, on the other hand, have been shown to benefit from 

the identification of morphemes when reading complex words aloud (Burani et al., 

2008; Traficante et al., 2011). Burani et al. (2008), for instance, found an advantage 

when sixth-grade dyslexic children were asked to read pseudowords composed of 

morphemes (root + suffix) as compared to pseudowords without morphological 

structure (nonroot + nonsuffix). Unlike reading-age peers, dyslexic Danish 

adolescents were more efficient when they could move a text window morpheme-

by-morpheme rather than syllable-by-syllable (Elbro & Arnbak, 1996). Leikin and 

Hagit (2006) showed morphological priming to facilitate the lexical decision for real 

words in both dyslexic and regular adult readers of Hebrew. Facilitation effects were 

similar in form but different in quantity for the groups, with the dyslexic readers 

reading significantly more slowly but deriving relatively greater benefit from 

morphological priming than did the regular readers, suggesting a heightened 

sensitivity to morphological constituents of words. Note, however, that, regardless of 

the seemingly regular use of their morphological knowledge, the dyslexic adults 

scored significantly lower on all morphological awareness tasks. 

Quémart and Casalis (2015) reported that, while reading-level and age-matched 

controls were essentially influenced by the morphemes’ form properties, French 

dyslexic children relied on morphemes during the visual recognition of complex 

words which was mainly driven by their semantic properties, confirming the 

hypothesis of semantically structured morphological representations in dyslexic 

readers, as suggested by Elbro and Arnbak (1996; see also Casalis et al., 2004). 

Quémart and Casalis assume that young dyslexic readers quickly activate the 

semantic properties of morphemes to try to compensate for their deficit in processing 

morpho-orthographic information. Following the dual-route model of orthographic 

processing proposed by Grainger and Ziegler (2011), they argue that the insensitivity 

of dyslexic readers to small orthographic modifications of the base word underscores 

the specific involvement of the coarse-grained route during visual word recognition. 

Given that Grainger and Ziegler (2011) claim this route is selectively involved in 

morphosemantic processing, Quémart and Casalis’ findings also reinforce the idea 

that dyslexic readers activate morphosemantic representations only when 

processing written morphology. Because the orthographic representations of 

dyslexic readers are insufficiently detailed, priming effects occur even when, 

orthographically, primes and targets do not perfectly match (also see Marinus & De 

Jong, 2010). Quémart and Casalis (2015) postulate that in reading-level and 

chronological-age-matched controls morphological representations are located at 

the morpho-orthographic level and that the lack of flexibility of their word-recognition 

system shows that in regular readers orthographic processing is principally achieved 
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via the fine-grained processing route that is sensitive to form modifications. This 

processing route is also assumed to be involved in morpho-orthographic 

decomposition (Grainger & Ziegler, 2011) and confirms earlier findings by Quémart 

et al. (2011) that showed morphological decomposition to be essentially triggered by 

the form properties of morphemes in typically developing readers across grades 3 to 

7.  

Schiff and Raveh’s (2007) findings imply that the word-recognition strategy 

dyslexic adult readers of Hebrew apply is qualitatively different from procedures used 

by typical readers, at least at the morphological processing level. This is in sharp 

contrast to Quémart and Casalis’ (2015) results that showed that dyslexic French 

children have developed representations for written morphology and that they 

activate these representations rapidly and automatically during visual recognition of 

morphologically complex words. Berthiaume and Daigle (2014) did note some 

morphological sensitivity among their French dyslexic children aged 9-12 years but 

also that they were outperformed by both reading-level and same-age peers. 

The lack of consistency in the results described may be due to methodological 

differences, such as selected tasks and age or control groups. Nonetheless, it clearly 

demonstrates the need to further investigate how dyslexic and typical readers 

process written morphology. 

 

2.4  SYLLABIC COMPLEXITY 

Another important issue in understanding visual word recognition is the role the 

syllable plays. It has been claimed that in reading the lexical processor routinely uses 

the syllable as a sublexical unit rather than processing the words as a whole (e.g. 

Taft & Forster, 1976; Prinzmetal, Treiman, & Rho, 1986). Research has shown that 

in French the syllable plays an important role in the perception and segmentation of 

spoken words, but this is less obvious for spoken English (e.g. Bradley, Sánchez-

Casas, & Garciá-Albea, 1993; Cutler, Mehler, Norris, & Segui, 1986).  

If the syllabic structure of a word is important for word recognition, it becomes 

necessary to define syllable boundaries for every word. In general, a syllable can be 

divided into an onset, a nucleus, and a coda, although all languages also feature the 

simple CV (single consonant and vowel) syllable without a coda (Sprenger-Charolles 

& Siegel, 1997). The word script /skrIpt/, for example, consists of the onset /skr/, the 

nucleus /I/ and the coda /pt/ (Rouibah & Taft, 2001). The syllabic structure of a 

particular language is then defined by a consonant-vowel template (Itô, 1989) that 

specifies the maximum number of consonants in onset and coda, as well as vowels 

in the nucleus. Given this definition of syllabic structure, one should, in principle, not 

only be able to identify an isolated syllable but also the syllable boundaries within a 

polysyllabic word (Rouibah & Taft, 2001).  
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In French, syllable boundaries seem clear-cut, whereas in English they are often 

less clearly defined (Rouibah & Taft, 2001). The French syllables follow the maximal 

onset principle (e.g. Spencer, 1996). According to this principle, a consonant is 

positioned in such a way that the number of consonant onsets occurring in the word 

is maximized. In the word ‘routine’, for example, the /t/ becomes the onset of the 

second syllable (rou-tine) rather than the coda of the first. Taft (1979) claimed that 

English-speaking readers can segment words according to orthographic sublexical 

units that do not necessarily correspond to phonological syllabic units. He put 

forward the idea of a unit that maximizes the coda of the first syllable by drawing the 

structural boundary after all the consonants that follow the first vowel of the stem 

morpheme (e.g. murd-er or sir-en), calling this initial unit the Basic Orthographic 

Syllabic Structure (BOSS). Cutler et al. (1986) argue that the aforementioned finding 

that French native speakers use a syllabification strategy to segment spoken words 

whereas English speakers do not, may be attributable to the French language having 

‘easy-to-syllabify’ words while syllabification is more difficult in English words. 

Various definitions are proposed to describe the concept of syllabic complexity. 

Fenk-Oczlon and Fenk (2008), for example, define it as the number of phonemes 

per syllable. A broader definition is proposed by Adsett and Marchand (2010), who 

define syllabic complexity as a measure of how difficult it is, on average, to determine 

the syllable boundaries in words in a specific language. Seymour et al. (2003) used 

syllabic complexity, in addition to orthographic depth, to describe the level of 

orthographic complexity in the alphabetic writing systems included in their sample 

(COST Action A8; Niessen et al., 2000). According to Seymour et al., the syllabic-

complexity dimension distinguishes between Germanic and Romance languages. 

Germanic languages have numerous closed CVC syllables and complex consonant 

clusters in both onset and coda positions (e.g. Danish, German, and English). 

Research has shown that the spelling of consonant clusters poses a major 

phonological problem to young learners; clusters are treated as phonological units 

and are difficult to split into their separate phonemes (Treiman, 1991). These 

difficulties young learners experience might reflect a general deficit in phonological 

segmentation and in identifying phonemes in spoken syllables. Moreover, the high 

level of co-articulation in the consonant morphemes in the cluster might exacerbate 

the problem (Serrano & Defior, 2012).  

In contrast to Germanic languages, the Romance type languages have a 

predominance of open CV syllables with few initial or final consonant clusters (e.g. 

French, Spanish, and Italian). Seymour and colleagues postulated that the effort 

required to acquire literacy increases from shallow to deep orthographies and from 

simple to complex syllable structures. In other words, the deeper the orthography 

and the more complex the syllable structure, the more complex the orthography can 

be expected to be. If orthographic complexity affects the foundation phases of 
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reading acquisition, they posit that the initial steps in reading would be mastered 

more rapidly in languages with simple syllabic structures than they would in 

languages with complex syllabic structures, and that acquisition would be drawn-out 

in deeper orthographies than in shallow orthographies.  

 

2.4.1 Syllabic complexity and reading and spelling acquisition 

Several studies support the hypothesis that specifically consonant clusters may pose 

an additional problem to the young learner. In English, very young children were 

found to have difficulty pronouncing initial consonant clusters (Treiman & 

Weatherston, 1992). Read (1975) discovered an interesting phenomenon among 

preschool children beginning to spell unaided, noticing that children sometimes failed 

to spell the nasals /m/, /n/, and /ŋ/ when they occurred before another consonant. 

The words and, and went, were thus misspelled as ‘ad’ and ‘wet’. The children rarely 

omitted nasals in other contexts, such as at the beginnings of words. These errors 

Read first observed seem to be indicative of a general deficiency in capturing the 

internal structure of clusters in spoken words. As young spellers of English have 

been shown to have problems with both initial and final consonant clusters, it is 

suggested that this reflects a more general deficit in segmenting syllables that 

contain clusters (Treiman, 1991). As a result, some children fail to spell the word with 

the appropriate letters.  

The nature of this ‘cluster’ problem does seem to differ for initial and final clusters. 

With final consonant clusters, young children seem to group the first consonant of 

the cluster with the preceding vowel, at least when the consonant is a nasal (Read, 

1975). If the /n/ in the word sand, /sænd/, is considered to form a unit with the /æ/, 

children may be more likely to omit the ‘n’ than the ‘d’ in their spelling (Treiman, 

1991). Indeed, studies have shown that young spellers are more likely to leave out 

the first phoneme of a final cluster than the second (Marcel, 1980; Read, 1975; 

Treiman, 1993).  

With initial clusters, children seem to group the second consonant of the cluster 

with the first, treating the two consonants of the cluster as a unit, the syllable onset. 

As a result, they may sometimes spell the onset with the single letter rather than with 

a cluster (Bruck & Treiman, 1990; Marcel, 1980; Sprenger-Charolles & Siegel, 1997; 

Treiman, 1991). Marcel (1980) revealed that some 8- and 9-year-old children who 

lagged at least one year behind their peers in spelling and reading, made errors such 

as ‘tay’ for tray. Bruck and Treiman (1990) found similar errors among dyslexic 

children and, to a lesser extent, among typical first- and second-grade readers. Both 

groups had problems spelling syllables with initial consonant clusters, sometimes 

failing to represent the cluster’s second consonant. Treiman’s (1991) study showed 

that kindergarten and first-grade children tended to make errors in spelling that 

involved the simplification of complex onsets, expressing as the omission of the 
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consonant in second position, whether it was in the initial syllable or not. The initial 

consonant of these complex onsets was less likely to be omitted. When they were 

asked to name pictures and to state whether the name contained a specific target 

letter, the children identified the consonant less often when it was the second 

element in a consonant cluster than when the same consonant did not belong to a 

cluster. These problems did appear to be transient in nature, however, as the 

children had fewer second-consonant omissions during the second half of the school 

year than during the first half. A study by Steffler, Varnhagen, Friesen and Treiman 

(1998) similarly revealed that second-grade children made more spelling errors on 

CCVC words than higher-grade children. Yet, the awareness that in words such as 

play, the onset /pl/ contains two parts appears to come slowly for some children. In 

Treiman’s (1991) study, onset clusters continued to cause some children difficulty 

up through third grade. Serrano and Defior (2012) did not find any such performance 

differences in typical readers reading simple items and items with consonant 

clusters. However, the children in their sample were older (aged 9-16) than in 

Treiman’s (1991) and Steffler et al.’s (1998) studies. 

Besides in English, consonant clusters have been shown to cause problems to 

the young learner in other languages as well. Schreuder and Van Bon (1989) 

demonstrated that in Dutch isolating initial phonemes was more difficult in consonant 

clusters. In their study on the relationship between phonemic segmentation 

performance and reading and writing ability, they observed that for first-grade 

children it was not only difficult to segment consonant clusters but that it also had an 

adverse effect on their processing of segments earlier on in the word. Spanish 

studies (Defior, Martos, & Aguilar, 2003, cited by Serrano & Defior, 2012; Jiménez 

González & Jiménez Rodríguez, 1999, cited by Serrano & Defior, 2012), moreover, 

showed that children experienced difficulties in spelling consonant clusters in the 

early stages of writing acquisition. 

Sprenger-Charolles and Siegel (1997) conducted a longitudinal study of the 

effects of syllabic structure on reading and spelling development in French using 

both bi- and trisyllabic pseudowords. They found the first-graders to have more 

difficulties reading and spelling items with more complex syllabic structures 

(including CCV and/or CVC syllables) than those with a simple structure (consisting 

of CV syllables). Almost all cases of deletion errors involved the simplification of a 

complex onset or the deletion of a coda, reducing the syllable to its primary elements 

C+V. As Marcel (1980) and Bruck and Treiman (1990) had reported previously, it 

usually was the second element in the complex onset that was omitted, while in 

reading this typically were the codas at the end of pseudowords. Sprenger-Charolles 

and Siegel (1997) furthermore showed that, consistent with the Hierarchy of Sonority 

(Clements, 1990), the phonological properties of consonants (sonority) explained the 

majority of deletions and not the position within the syllable or word. The most 
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sonorant consonants were most likely to be deleted because sonorant consonants 

are phonologically the closest to the vowel (e.g. more deletions of liquids than 

obstruents in clusters). They also demonstrated that it were the principal 

phonological categories, and not the visual characteristics, that were preserved in 

substitutions; vowels were replaced by vowels, and consonants by consonants 

belonging to the same phonological category (e.g. stops for stops, fricatives for 

fricatives, and liquids for liquids). Contrary to their expectations, the relative 

frequency of open syllables (CV) in French, as opposed to the number of closed 

syllables (e.g. Delattre, 1965), did not result in superior performance on CV and CCV 

(open) syllables compared to CVC (closed) syllables.  

Lee and Wheldall (2011) investigated word reading, letter knowledge, and 

phonological awareness in 46 first-grade Malaysian children while additionally 

charting the children’s reading performance of words with different syllable 

structures. In the Malay language, the syllable is a salient unit as most words are bi- 

and multisyllabic. Moreover, the language has a simple syllable structure and clear 

syllable boundaries (Winskel & Widjaja, 2007). The children evidently found words 

with a simple open CV syllable structure easier to decode than words with digraphs, 

diphthongs, or words containing the vowel ‘e’. Here, it is worth mentioning that 

Malaysian has a highly transparent writing system with a close-to-perfect grapheme-

phoneme correspondence. The grapheme ‘e’ is an exception, because it has two 

phonemic forms (i.e. /e/ and /ə/). As the complexity of the syllabic structure 

increased, a corresponding decline in performance occurred. Besides the presence 

of certain more complex graphemes, the position of graphemes in a word were also 

found to affect word-recognition performance. Words with a digraph at the end of the 

word (e.g. batang, ‘shaft’) were easier to decode than words with a digraph at the 

beginning (e.g. syarikat, ‘company’). Furthermore, words with two vowel graphemes 

belonging to different syllables occurring together in the middle of a word (e.g. soal, 

‘about’) or at the end of a word (e.g. tua, ‘old’) proved problematic to the new readers 

due to confusion over the location of the syllable boundary, while, finally, shorter 

stem words proved easier to read than longer multisyllabic words with derivational 

affixes. 

Seymour et al.’s 2003 study demonstrated that syllabic complexity selectively 

affected the decoding of pseudowords, whereas orthographic depth affected both 

word and pseudoword reading. Pseudoword reading abilities of first- and second-

graders were shown to significantly differ for each native language evaluated, with 

differences coinciding with the complexity of its syllabic structure. The authors 

emphasized that the syllabic-complexity effect was evident when simple 

pseudowords were read, based on single letter grapheme-phoneme 

correspondences in the absence of any consonant clusters or multi-letter 

graphemes. They concluded that straightforward letter-sound decoding appears 
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more difficult to acquire in languages with complex phonologies than it is in 

languages with a simple phonology and venture that the embedding of grapheme-

phoneme correspondences in consonant clusters may impede the learning process. 

Thus, correspondences between the grapheme ‘p’ and phoneme /p/ in English, for 

example, occur in isolation but also in various consonant clusters such as ‘sp’, ‘spr’, 

and ‘mple’. Arguably, in languages with a greater syllabic complexity, material for 

new readers will necessarily require more skill in recognizing such correspondences 

in clusters, slowing down the learning process. 

 

2.4.2 Syllabic complexity and dyslexia 

In their study on the spelling abilities of 31 Spanish dyslexics whose ages ranged 

from 9 to 16 years, Serrano and Defior (2012) showed that the spelling of consonant 

clusters presented this group with more difficulties than it did typically developing 

readers who were matched for reading level and chronological age. In spite of its 

simple linguistic structure and the predominance of open syllable structures (CV), 

the Spanish orthographic code incorporates certain complexities, among which its 

consonant clusters, that affect literacy acquisition and learning problems such as 

developmental dyslexia. They found the performance difference for simple items and 

items with consonant clusters to be greater among dyslexic readers; they 

consistently performed poorer on items with consonant clusters, while the overall 

performance of the typical readers was similar for both syllable-structure types.  

The study by Bruck and Treiman (1990) we discussed earlier had revealed that 

English dyslexic readers aged 7 to 13 years made more errors in the auditory 

recognition of target phonemes than did typical reading-level-matched controls, but 

here the authors found a similar pattern of errors for the two groups, where 

pseudowords containing consonant clusters proved especially problematic. 

Struiksma (2003) showed that fourth-grade children with low reading skills in 

Dutch continued to have problems reading words containing consonant clusters 

despite intensive and focused instruction. The problems were most apparent when 

the children were asked to read words beginning with the same consonant clusters 

that were followed by different vowels (e.g. blaf - blik - blok, ‘bark’ - ‘can’ - ‘block’). It 

seemed that switching between the vowels in CCV sequences complicated the 

reading process, possibly due to co-articulation whereby the articulation of one 

speech segment is being influenced by the articulation of another (Snellings, Van 

der Leij, Blok, & De Jong, 2010) requiring stop consonants to be identified on the 

basis of neighbouring vowel transitions (e.g. Pols & Schouten, 1978). Even though 

in Struiksma’s study the spelling of the consonant-cluster sounds was identical, their 

acoustic properties changed with each different vowel, which increased task 

demands.  
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Based on Treiman’s (1991) and Struiksma’s (2003) findings, Snellings et al. 

(2010) predicted that the perception of consonants in clusters would be more difficult 

for Dutch dyslexic children in grade 2 than the perception of single consonants, 

resulting in more errors and prolonging processing time. In their study, pairs of 

pseudowords were orally presented and the children were asked to decide as fast 

and as accurately as possible whether the stimuli within each pair were identical or 

different (e.g. /prar/ - /trar/, or /pa/ - /pa/). The results showed that discriminating 

clusters was not more difficult than discriminating single consonants and processing 

times were similar, which led Snelling et al. to conclude that, apparently, 

straightforward recognition whether sounds were identical or different was not 

hindered by surrounding clusters. Unlike Treiman (1991), who demonstrated that 

consonants in second position of an initial consonant cluster were especially 

problematic, Snellings et al. found no differences in the proportions of correct 

detections between those consonants and single consonants. Snellings et al. 

asserted that the children evidently knew which component phonemes were in the 

second position within the cluster, indicating that in Dutch a lack of phoneme 

awareness was not the cause of the problems with consonant clusters that Struiksma 

(2003) had reported. Landerl and Wimmer (2000) showed that phoneme 

segmentation of onset consonants also posed no problem to German dyslexic third-

grade students either, which coincides with Vellutino et al.’s (2004) later claim that 

in shallow orthographies phoneme awareness may be less of a problem for reading-

disabled children (but see Patel et al., 2004, for a different view).  

 

2.5  CONCLUDING REMARKS 

Reading is a complex activity requiring the processing of graphic information in order 

to achieve optimal text comprehension (Berthiaume & Daigle, 2014). The simple 

view of reading, a model proposed by Gough and Tunmer (1986; Hoover & Gough, 

1990), in short holds that reading comprehension skills can be predicted from two 

components: decoding abilities, defined as efficient word recognition, and linguistic 

comprehension, which is the ability to use information at the lexical or word level to 

achieve sentence and discourse interpretations (Hoover & Gough, 1990). Decoding 

capacity and linguistic comprehension are both considered essential to reading 

success, while neither of the two skills is by itself sufficient. Taking this into account, 

in our review we nevertheless exclusively focused on decoding and visual word 

recognition.  

Every developing reader needs to learn how to associate letters with sounds in 

order to access whole-word phonological representations of known words (Grainger 

& Ziegler, 2011). Thanks to their ability to sound out words, readers can establish 

high-quality lexical representations with multiple redundant links between 

orthographic and phonological representations of words in their memory, also 
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including morphological and semantic knowledge. Ultimately, once lexical 

representations have been established, the reader no longer needs to rely on 

phonics when coming across the same word again, which increases the speed and 

efficiency of the reading process. One of the first and vital tasks for beginning readers 

hence is to develop rapid and automatic word-recognition procedures (Sprenger-

Charolles & Colé, 2003). 

Research has shown that learning to read might be easier in one orthography 

than it is in another. Theoretical concepts (i.e. the orthographic depth hypothesis, 

Katz & Frost, 1992; the grain size theory, Ziegler & Goswami, 2005) as well as 

empirical evidence (Aro & Wimmer, 2003; Seymour et al., 2003) suggest that 

transparent orthographies with highly consistent grapheme-phoneme 

correspondences are more easily acquired than opaque and complex writing 

systems featuring a large number of irregular and inconsistent spellings. Moreover, 

the level of orthographic transparency has been shown to influence the expression 

of dyslexia. It has even been suggested that, at the lower end of the reading-ability 

spectrum, children show less severe symptoms in languages with a transparent 

orthography than do their English counterparts, at least in terms of accuracy (Landerl 

et al., 1997). However, there is more to reading than grapheme-phoneme 

consistency, just like there is more than one way in which the reader can segment a 

written word. Besides dividing words into the graphemes linked to a specific sound, 

one can segment words based on syllables, resulting in larger phonological units 

than phonemes. It is widely accepted that word recognition is mainly founded on 

these two types of phonological processes and a great number of studies have 

accordingly investigated phonological awareness and abilities in dyslexic readers 

(e.g. De Jong & Van der Leij, 2003; Sprenger-Charolles et al., 2011; Ziegler & 

Goswami, 2005). Yet another important aspect of word segmentation involves 

morphological processing, which is the focus of an increasing number of studies (e.g. 

Mahony et al., 2000; Schiff & Raveh, 2007). Several papers also included analyses 

of morphological processing in struggling readers such as dyslexics (e.g. Burani et 

al., 2008; Casalis et al., 2004; Siegel, 2008) and it appears that a deficient 

development of some of the processes related to word recognition can partially 

explain the reading difficulties of dyslexic readers (Berthiaume & Daigle, 2014). 

Although it is unlikely that dyslexic readers can become skilled readers without 

developing efficient phonological processing skills, they may compensate for their 

phonological deficit during visual word recognition by processing at the morpheme 

level (e.g. Casalis et al., 2004; Elbro & Arnbak, 1996; Leikin & Hagit, 2006).  

The literature also highlights comparisons across orthographies that have 

prompted several hypotheses striving to explain how the word-reading process is 

affected by orthography-specific variations. In addition to the orthographic depth 

hypothesis (ODH) and grain size theory, both extensively discussed above, Perfetti, 
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Zhang and Berent (1992) have proposed the universal phonological principle (UPP), 

claiming that reading engages phonology at the earliest moment and smallest unit 

allowed by the writing system. According to their UPP, specific mapping differences 

across orthographies produce differences in the units of language that are activated 

in the earliest stages of reading as part of a universal dependence on spoken 

language and universal involvement of phonology (Perfetti, Cao, & Booth, 2013).  

Each of the overlapping ideas in the ODH, grain size, and UPP models has been 

the subject of research. They have each influenced our thinking about what is 

universal and what is particular across writing systems, and, moreover, have guided 

our reasoning as to why learning to read in one language appears to be so much 

easier than in another. In their study on specializations and universals in the 

development of reading skills, Perfetti et al. (2013) propose that, regardless of any 

language-specific differences, orthography initiates reading in all languages and that 

proficient readers have always succeeded in acquiring high-quality orthographic 

representations. Moreover, phonology is activated universally by orthographic input. 

Access to and selection of semantic representations are outcomes of reading, 

regardless of the orthography being read. In his lexical quality hypothesis (LQH) 

Perfetti (2007) claims that the variation in quality of these mental word 

representations leads to variation in reading skills, including differences in reading 

comprehension. According to the LQH, the speed and reliability of meaning retrieval 

is influenced by the extent to which the reader’s mental representations of words 

include well-specified and partly redundant representations of orthographic and 

phonological forms, in addition to the presence of flexible representations of 

meaning. 

Above and beyond these universals, however, important differences do emerge 

at more detailed levels. The way in which phonological, orthographic, and 

morphological processes function, is shaped by the specific orthography being used, 

necessitating orthographic-specific strategies when learning to read. Nonetheless, 

according to Perfetti et al. (2013) these differences are still not qualitative. At a 

general level of description, all researchers agree that the basic processes of reading 

are the same for all languages, for instance in terms of matching inputs to memory, 

association, retrieval, decomposition, decoding, and assembly. At other levels, 

however, these processes can differ substantially with respect to the graphic and 

linguistic units involved, the visual demands of the input, and the reiteration of 

processes. With improving skills, the reader increasingly manages to adapt reading 

procedures to the demands of the writing system to thus improve reading efficiency. 

It is these specific and vital adjustments that depend on the orthography used that 

have implications for new readers and the development of reading difficulties like 

dyslexia.  
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Our review of the current literature on orthographic transparency and syllabic and 

morphological complexity of alphabetic languages served to gain a better 

understanding of the orthographic components that influence reading acquisition and 

dyslexia across the languages researched. The ultimate goal would be to use our in-

depth knowledge of the language-specific adjustments needed for the development 

of efficient reading skills to devise language-specific instruction and interventions 

that address the potential pitfalls resulting from the particular characteristics of the 

orthography being acquired.  

To illustrate the considerable variation due to orthographic consistency in taking 

the first steps of reading, one can compare the learning of a fully transparent writing 

system such as Finnish to that of the other extreme such as English. Finnish children 

learn the names of the letters and thus approach full phonemic awareness before 

school during their exposure to the letters on the walls of the pre-school 

environments. Consequently, clearly more than 1/3 (38%) of these children learn 

basic reading skill (decoding) before any school-related teaching has had time to 

affect them (Soodla, Lerkkanen, Kikas, Niemi, & Nurmi, 2015). Because letters 

introduce them to the most appropriate spoken units (phonemes) which connect 

speech to written language, Finns do not face the segmentation problem which 

makes reading acquisition initially a real challenge to English children. The letter-by-

letter reading that Finnish children acquire in the initial stages does not work for 

learners of English because none of the letters represents the same sound in all 

contexts of written English. Moreover, a greater source of confounding are the letter 

names in English - learned as easily as in Finnish - but which often do not cue even 

the most common sound of the letter named (e.g. the letter ‘I’ mostly sounds as /i/, 

i.e. incompatible with its English name). Consequently, the skill lies with how well the 

instruction is organized to introduce the most appropriate connections between 

spoken and written language in an order which is optimal. This has an effect on how 

quickly children can acquire basic reading skill in English, albeit learning is much 

slower because the number of connections to be stored is so much higher (~30 

versus >1000). The reading acquisition of a transparent writing is very closely 

connected to learning the letter names if they are chosen to cue well enough the 

sound the letter is representing as is the case in Finnish (e.g. Lyytinen, Erskine, 

Hämäläinen, Torppa, & Ronimus, 2015). 

In their attempt to devise a language-specific intervention for English in the UK, 

Kyle and colleagues (2013) assessed the effectiveness of the so-called 

‘GraphoGame’ (GG) method among 6- and 7-year-old pupils whom their teachers 

had identified as having relatively poor reading abilities. The two computer-assisted 

reading interventions built on research showing that interventions that combine 

training in phonological skills with explicit training on the links between letters and 

sounds are the most effective for young speakers of English (e.g. Hatcher et al., 
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2006; Torgesen et al., 1999). The first game (‘GG Phoneme’) focused specifically on 

phoneme-level connections between letters and sounds, incorporating theoretical 

views on the relevance of a small-unit approach to literacy instruction, even for non-

transparent languages such as English (e.g. Hulme et al., 2002; Johnston & Watson, 

2004). The second game (‘GG Rime’) introduced and reinforced grapheme-

phoneme correspondences via rhyming-word families, explicitly focusing on 

orthographic rime units2 and demonstrating how rime units and grapheme-phoneme 

correspondences are related in English spelling. GG Rime was based on the notion 

that English-speaking pupils will benefit from a focus on oral rhyme and rhyme 

analogies as part of reading instruction (Goswami & Bryant, 1990). The rhyme-

analogy approach proposes that young readers infer connections between their 

phonological knowledge and the orthography they are trying to master and that in 

English some of these connections are at the psycholinguistic grain size of rime (Kyle 

et al., 2013). During learning, they may then develop multiple recoding strategies to 

enable them to decode English words at more than one grain size. Moreover, in 

order to develop fully specified orthographic representations of words, all possible 

grain sizes in phonology and orthography need to be connected (Ziegler & Goswami, 

2005).  

Kyle et al.’s two intervention games were presented during second-year reading 

instruction, supplementing the ongoing classroom literacy instructions. In 

comparison with the results obtained in untreated controls, the effect size data 

showed that both interventions had led to considerable gains in reading, spelling, 

and phonological skills, where the gains in reading achieved with GG Rime were 

similar or superior to those achieved with GG Phoneme. Comparing effect sizes, 

improvements in phonological awareness attained with GG Rime were large at both 

the phoneme and the rhyme level, whereas improvements following GG Phoneme 

were large at the phoneme but small at the rhyme level. These findings are 

consistent with the training outcomes reported by Goswami and East (2000) and 

Hatcher et al. (2004). Goswami and East (2000) demonstrated, for example, that 

rime-based literacy instruction enhanced the phonological awareness at large grain 

sizes in 5-year-old beginning readers, whereas age peers who had been training 

grapheme-phoneme correspondence skills only showed relatively poor large-unit 

awareness. 

Kyle et al. (2013) argue that interventions such as theirs seem to have great utility 

in supporting reading instruction in non-transparent orthographies such as English. 

By its special focus on rime, GG Rime supported the children’s learning by accessing 

psycholinguistic units that are already well-developed in young children prior to 

                                                             
2 Rime is the intrasyllabic unit that consists of a nucleus and a coda which is optional, e.g., 

/æt/ in ‘at’, ‘sat’, and ‘flat’. Words that end in the same rime will rhyme. 
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reading instruction (Goswami, 1999) and that, at least in English, tend to be more 

consistent than smaller grain sizes such as phonemes (Treiman et al., 1995). During 

reading acquisition, (remedial) instruction exploiting rime may then serve both the 

demands and nature of the literacy tasks and the characteristics of the English 

orthography.  

The studies we have reviewed in this paper have deepened our understanding of 

how reading acquisition and dyslexia are influenced by the linguistic properties of 

the specific orthography being learned. With our review we also sought to direct 

attention to areas to which future research could contribute, most specifically in the 

domain of orthographic structures and literacy acquisition and to the development of 

effective instruction and intervention methods. Despite our growing insight, we still 

need to learn more about techniques that teach struggling readers how to take 

advantage of language-specific orthographic, syllabic, or morphological resources.   
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3 The study reported in this chapter was adapted from a peer-reviewed publication: 

Borleffs, E., Maassen, B. A. M., Lyytinen, H., & Zwarts, F. (2017). Measuring 
orthographic transparency and morphological-syllabic complexity in alphabetic 
orthographies: A narrative review. Reading and Writing: An interdisciplinary 
Journal, 30(8), 1617–1638. DOI:10.1007/s11145-017-9741-5 
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ABSTRACT 

This narrative review discusses quantitative indices measuring differences between 

alphabetic languages that are related to the process of word recognition. The specific 

orthography that a child is acquiring has been identified as a central element 

influencing reading acquisition and dyslexia. However, the development of reliable 

metrics to measure differences between language scripts hasn’t received much 

attention so far. This paper therefore reviews metrics proposed in the literature for 

quantifying orthographic transparency, syllabic complexity, and morphological 

complexity of alphabetic languages. The review included searches of Web of 

Science, PubMed, PsychInfo, Google Scholar, and various online sources. Search 

terms pertained to orthographic transparency, morphological complexity, and 

syllabic complexity in relation to reading acquisition, and dyslexia. Although the 

predictive value of these metrics is promising, more research is needed to validate 

the value of the metrics discussed and to understand the ‘developmental footprint’ 

of orthographic transparency, morphological complexity, and syllabic complexity in 

the lexical organization and processing strategies. 
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3.1  INTRODUCTION 

Regardless of which alphabetic orthography is being acquired, the beginning reader 

essentially needs to learn to associate letters with sounds in order to access whole-

word phonological representations of known words (Grainger & Ziegler, 2011). After 

deliberate practice and once lexical representations of words have been established 

in the reader’s memory, a skilled reader no longer needs to rely on phonics when 

coming across the same word again; reading has become a fast and highly efficient 

word recognition process (Sprenger-Charolles & Colé, 2003). The specific 

orthography that a child is acquiring has been identified as a central environmental 

factor influencing reading acquisition and dyslexia (for a review, see Ziegler & 

Goswami, 2005). Characteristics of the specific orthography that needs to be learned 

shape the phonological recoding and reading strategies that are developed for 

reading. However, the development and availability of metrics to compare 

orthographic characteristics between languages related to word recognition has 

received little attention so far. Detailed knowledge of differences between 

orthographies and metrics to measure these differences would provide a stepping 

stone in the development of language-specific reading instructions and interventions. 

Therefore, the aim of this narrative review is to examine several quantitative indices 

measuring differences related to the process of word recognition in alphabetic 

languages, with special attention to studies that propose various measures of 

different granularities at which readers crack the orthographic code to identify written 

words. We present measures of orthographic transparency, syllabic complexity, and 

morphological complexity. Additionally, we discuss some suggestions for future 

studies in this domain.  

Research has suggested for transparent orthographies with highly regular 

grapheme-phoneme correspondences to be more easily acquired than complex and 

opaque orthographies with a high proportion of irregular and inconsistent spellings 

(e.g. Aro & Wimmer, 2003; Seymour et al., 2003). It has even been postulated that 

children at the lower end of the reading-ability spectrum show less severe symptoms 

in languages with a transparent orthography, at least in terms of accuracy (Landerl 

et al., 1997). In opaque orthographies, the mastery of the alphabetic principle 

provides only part of the key for decoding and many words cannot be sounded out 

accurately without having access to the stored phonological representation of the 

whole word. This may lead to the development of multiple recoding strategies that 

enable the learner to decode at several different grain sizes, supplementing 

grapheme-phoneme correspondences with the recognition of letter patterns for 

rimes and attempts at whole-word recognition (Ziegler & Goswami, 2005), 

demanding the engagement of a wider range of cognitive skills.  

Another language characteristic that is believed to play a role in the early reading 

process is syllabic complexity. More specifically syllabic complexity is thought to 
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affect how readily children become sensitive to the phonological structure of 

language (Duncan, Colé, Seymour, & Magnan, 2006), a critical pre-reading skill. 

Children who speak French, a language regarded as having a relatively simple 

syllabic structure characterized by a predominance of open syllables, were found to 

demonstrate more phonological awareness prior to any formal instruction than their 

syllabically more complex English-speaking counterparts (Duncan et al., 2006). 

Moreover, the embedding of grapheme-phoneme correspondences in consonant 

clusters has been suggested to impede the reading acquisition process (Seymour et 

al., 2003). Sprenger-Charolles and Siegel (1997) found French first-graders to have 

more problems reading and spelling bi- and trisyllabic pseudowords with more 

complex syllabic structures (including CVC and/or CCV syllables) than those with a 

simple structure (consisting of CV syllables). Clusters are possibly treated as 

phonological units and are difficult to split into phonemes (Treiman, 1991). 

Furthermore, the high level of co-articulation in the consonant phonemes in the 

cluster might exacerbate the problem (Serrano & Defior, 2012). These difficulties 

might reflect a deficit in phonological awareness resulting in a difficulty in phonemic 

segmentation of complex syllable structures and consonant clusters.  

A number of researchers have suggested that, in addition to sensitivity to 

phonemes, sensitivity to the morphological structure of a language plays an 

important role in the reading process (e.g. Casalis & Louis-Alexandre, 2000; Elbro & 

Arnbak, 1996; for reviews see Mann, 2000, and Nagy et al., 2013), and more 

particularly in reading difficulties (e.g. Ben-Dror et al., 1995; Leikin & Hagit, 2006; 

Lyytinen & Lyytinen, 2004; Schiff & Raveh, 2007). The recognition of familiar 

morphemes has been shown to facilitate speed and accuracy of reading and the 

spelling of morphologically more complex words (Carlisle & Stone, 2005). Moreover, 

in orthographies with an opaque writing system, many phonemic irregularities (e.g. 

silent letters condemn and bomb) may be regularities from the morphological 

perspective (condemnation, bombardment), and consequently the morphological 

structure of words may function like an anchor to the reader (Schiff & Raveh, 2007). 

In languages in which the morphological structure of a given word hardly ever 

changes depending on its function in the sentence or the phrase it belongs to, a word 

that has been stored in the lexicon will be retrieved with little effort. However, in 

agglutinative languages such as Finnish, the morphological system results in words 

of considerable length that contain multiple parts of semantic information. This 

stacking of functional morphemes to the stem may obscure the stem of the word. 

Furthermore, given that, at least in Finnish, many root forms are affected by 

inflection, the ability to recognize roots is not always sufficient to recognize words 

(Aro, 2004).  

Hence, there is more to reading than decoding grapheme-phoneme 

correspondences only; orthographic transparency, syllabic complexity and 
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morphological complexity all relate to the word recognition process and to each 

other. The review of the literature included searches of Web of Science, PubMed, 

PsychInfo, Google Scholar, and various online sources. Our search terms pertained 

to orthographic transparency, morphological complexity, and syllabic complexity in 

relation to reading acquisition, and dyslexia.  

 

3.2  ORTHOGRAPHIC TRANSPARENCY 

In languages with a transparent orthographic system, orthography reflects surface 

phonology with a high level of consistency. In Finnish, Italian, or Indonesian, for 

example, a given letter of the alphabet is almost always pronounced the same way 

irrespective of the word it appears in (e.g. Aro, 2004; Winskel & Lee, 2013; Ziegler 

et al., 2010). In opaque orthographies, such as English and Danish, however, 

spelling-to-sound correspondences can be very ambiguous (e.g. Frost, 2012; 

Seymour et a., 2003). Orthographic transparency expresses in a feedforward, 

grapheme-to-phoneme fashion and a feedback, phoneme-to-grapheme fashion 

(Lété et al., 2008). There is general consensus about the approximate classification 

of several languages in terms of their orthographic transparency (e.g. Seymour et 

al., 2003). Considering orthographic transparency as a continuum, one can be 

certain about its extreme positions (e.g. the regular Finnish orthography at one 

extreme and the irregular English orthography at the other), even though the 

objective location of each orthography on this transparency continuum may remain 

uncertain (Aro, 2004). Yet, relatively little quantitative cross-linguistic research has 

been conducted regarding this matter. Three measures of orthographic 

transparency, namely regularity, consistency, and entropy, will be discussed in the 

following sections.  

 

3.2.1 Regularity approach 

The regularity approach assumes there are regular mappings governed by symbolic 

transcription rules and irregular mappings that violate these rules. Words that are 

pronounced regularly, like cat /kæt/, or hint /hInt/, are read faster than words that are 

pronounced irregularly, such as aisle /aIl/, or yacht /jɑt/. This so-called regularity 

effect has been demonstrated in many studies investigating the role of spelling-to-

sound transparency in visual word recognition (Borgwaldt et al., 2005). The degree 

of irregularity of any alphabetically written language can be determined once a set 

of language-specific grapheme-phoneme correspondence rules (GPC rules) has 

been formulated. In cases in which the mapping deviates from one-to-one, for 

example when a single grapheme can have multiple pronunciations, the most 

frequent mapping is considered regular and the others irregular. Regular words are 

words whose pronunciation or spelling is correctly produced by the grapheme-
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phoneme correspondence rules of the language, while the pronunciation or spelling 

of irregular or ‘exception’ words cannot be predicted from these rules (Protopapas & 

Vlahou, 2009). Regularity of pronunciation or spelling is thus conceptualized as a 

categorical distinction (Zevin & Seidenberg, 2006). The degree of regularity of the 

orthography as a whole is then defined as the percentage of words of which the 

pronunciation agrees with the lexical pronunciation of the whole word according to 

the GPC rules (Ziegler, Perry, & Coltheart, 2000).  

Ziegler et al. (2000) compared the degree of regularity of German and English by 

examining the percentage of correct rule applications in the two languages assuming 

that the higher the number of rules that yielded correct results, the more regular the 

orthography-phonology mapping would be. These numbers were calculated by 

comparing the pronunciations of monosyllabic words produced by the non-lexical 

reading route of the Dual-Route Cascaded (DRC) model (Coltheart et al., 1993) with 

the correct pronunciation being derived from the CELEX database.  

Like other models assuming dual-processing routes for reading, the DRC model 

distinguishes between a lexical and a non-lexical route for transforming print to 

sound, using whole-word orthographic representations and grapheme-phoneme 

conversion (GPC) rules, respectively, to gain access to the phonological output 

lexicon (Ziegler et al., 2000). Ziegler et al. included three major types of rules in the 

DRC model: single-letter, multi-letter, and context-sensitive rules. If the non-lexical 

route and the CELEX database generated the same pronunciation, the rules used to 

generate the pronunciation were considered correct, while in the case of two 

deviating pronunciations all the rules used to elicit the pronunciation were considered 

incorrect. Applying this rule-based approach, the authors found that, averaged 

across the three rule types used, German rules were correct 90.4% of the time, 

compared to 79.3% for the English rules. They additionally determined how many 

monosyllabic words are irregular in German by exclusively using the non-lexical 

route to read monosyllabic words. By definition, any word that is pronounced 

incorrectly by the non-lexical route of the DRC model is irregular since it violates the 

GPC rules. From the 1448 words that were submitted to the DRC model with its 

lexical route switched off, 150 were read incorrectly via the non-lexical route. This 

prompted the authors to conclude that using their specific rule set the irregularity in 

the orthography-phonology mapping for monosyllabic words in German was 10.3 %. 

Protopapas and Vlahou (2009) calculated the regularity of Greek at word level as 

the proportion of words read correctly on the basis of their orthographic 

representation alone. To do so, the authors used an ordered set of 80 rules that 

could correctly transcribe their complete text corpus (consisting of types and tokens) 

based on the word-form letter sequences only, without any additional information. 

When all phonemes were correctly mapped, the word was considered correct. A 

number of rules were marked as ‘optional’, as the correct pronunciation, being 
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lexically determined, could not be derived from orthographic or phonological 

information at the grapheme-phoneme level. The study showed that when optional 

rules were included in the rule set, the regularity of Greek at word level (by token 

count) was 92.7% and when the optional rules were excluded this was 95.3%. 

Finally, when optional rules were allowed to apply optionally, with either outcome 

counting as correct, the word level regularity estimate reached 97.3%. 

 

3.2.2 Consistency approach 

In contrast to the regularity approach, the consistency approach does without the 

notion of rules with consistency referring to the degree of variability in the 

correspondences between the orthographic and phonological units of a language 

(Protopapas & Vlahou, 2009). Consistency computations can be dichotomous or 

graded and can be performed at the grapheme-phoneme level or at larger grain 

sizes. In dichotomous analysis, a word or smaller sized unit is regarded consistent 

when there is only one possible mapping and inconsistent when there are alternative 

mappings. In graded analyses, the measure of consistency quantifies ambiguity by 

taking into account the relative frequency of alternative mappings. Here, the level of 

consistency is expressed as the proportion of dominant mappings over the total 

number of occurrences of the base unit analysed. Thus, the consistency of the 

phoneme /b/ in Spanish is computed as the proportion of words in which the 

phoneme /b/ occurs with a particular spelling ‘b’, relative to the total number of words 

that include that phoneme (spelled as ‘b’ or ‘v’). Consequently, the resulting 

consistency ratio ranges from zero, minimal consistency, to one in case of maximal 

consistency (Lété et al., 2008).  

Feedforward (spelling-to-sound) and feedback consistencies (sound-to-spelling) 

can vary independently. Using a dichotomous classification at a rime-body level, 

Ziegler, Jacobs, and Stone (1996; Ziegler, Stone, & Jacobs, 1997) performed both 

feedforward and feedback analyses of French and English monosyllabic, mono-

morphemic words where they considered a word to be consistent when there was a 

one-to-one correspondence between the spelling body and the phonological body. 

They found French and English to have quite similar levels of inconsistency in the 

sound-to-spelling direction, whereas French vowels were much more consistent than 

the English ones in the spelling-to-sound direction. From the spelling or feedback 

perspective, 79.1% of the French words and 72.3% of the English words were 

inconsistent. From the reading or feedforward point of view, 12.4% of the French 

words and 30.7% of the English words were identified as inconsistent.  

In their 2009 study, Protopapas and Vlahou also calculated the consistency of 

grapheme-phoneme mappings in Greek using a corpus composed of types and 

tokens. Division of the token sum of the most frequent grapheme for each phoneme 

by the total number of grapheme-phoneme pairs in the corpus resulted in a ratio of 
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0.803. To the extent that this outcome can be considered a single-number estimate 

of the consistency of phoneme-to-grapheme mappings, the Greek orthography is 

80.3% consistent in the feedback direction. Using a similar calculation to estimate 

the consistency of grapheme-to-phoneme mappings, the authors found a 95.1% 

consistency in the feedforward direction. Using single letters instead of graphemes, 

the calculation in the reading (feedforward) direction resulted in a substantially lower 

consistency estimate of 80.3% and a greater number of mappings (173 vs. 118). 

When stress diacritics were ignored and stressed and unstressed letters (and 

phonemes) treated as similar, this yielded 88 grapheme-phoneme mappings with an 

estimated overall token consistency of 96.0% in the feedforward direction and 80.8% 

in the feedback direction. 

 

3.2.3 Entropy approach 

A third way to measure orthographic transparency is the entropy approach, an index 

that not only discriminates between cases with many and few alternatives but also 

between nondominant mappings with substantial and negligible proportions. Entropy 

is an information-theoretic concept introduced by Shannon (1948) to describe the 

redundancy of a communication system. In our context, entropy quantifies ambiguity 

in the prediction of grapheme-to-phoneme mappings and vice versa (Borgwaldt et 

al., 2005; Protopapas & Vlahou, 2009). The general idea behind the entropy 

approach is as follows: if a given grapheme (or phoneme) always corresponds to 

one specific phoneme (or grapheme), the mapping is completely predictable and the 

corresponding entropy value is zero. The more alternative pronunciations (or 

spellings) a grapheme (or phoneme) has, the less predictable the mapping becomes 

and the higher its entropy value will be. Expressing (un)ambiguity in these mappings 

as entropy values will therefore result in continuous variables, starting at zero for 

totally unambiguous mappings and increasing with higher degrees of uncertainty. In 

addition to the number of different pronunciations (or spellings), the relative 

frequency of these alternative mappings contributes to the entropy value. If there is 

one dominant grapheme-phoneme correspondence and some of those alternative 

mappings only occur very seldom, the entropy value will be lower than when all 

pronunciations occur with approximately the same frequency, resulting in a rather 

minimal impact of exceptional alternative mappings. 

For any unit of orthographic (or phonological) representation x that maps onto n 

phonological (or orthographic) alternatives with a probability of 𝑝𝑖 for the ith 

alternative, its entropy (H) value is calculated as the negative sum over the 

probability of each separate value of x multiplied by the base-2 logarithm of its 

probability: 

 

H = - ∑ 𝑝𝑖
𝑛
𝑖=1  log2 𝑝𝑖 . 
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If an orthographic (or phonological) representation x always maps onto one single 

phonological (or orthographic) counterpart, its entropy value equals 0. If x has n > 1 

different mappings, the entropy value’s upper limit is log2n. This upper limit is 

reached when the probabilities of all orthographic (or phonological) representations 

are the same. Hence, the more alternative mappings the orthographic (or 

phonological) representation has and the more equiprobable these mappings are, 

the higher the entropy value will be. 

Protopapas and Vlahou (2009) provide an example in Greek in which the 

phoneme /g/ can be spelled as either <γκ> (85.5%) or <γγ> (14.5%). The phoneme 

/ç/ can be spelled as <χ> (85.0%), <οι> (7.0%), <ι> (6.9%), or <ει>, <χι>, <χει>, and 

other combinations with a very low probability of less than 1% each. The entropy 

value of the phoneme /g/ would be - [0.855 × log2(0.855) + 0.145 × log2(0.145)] = 

0.597. Inserting the probabilities for each mapping into the entropy formula, each 

probability is first multiplied by the binary logarithm (log2) of this probability after 

which the negative sum is calculated, resulting in an entropy value for /g/ of 0.597. If 

the probabilities for both pronunciations had been the same, the entropy value’s 

upper limit of 1 (n = 2; log22 = 1) would have been reached. The present, 

considerably lower entropy value results from the fact that /g/ has one truly dominant 

grapheme <γκ> and one much less dominant one <γγ>. When calculated the same 

way for the phoneme /ç/, the entropy value equals 0.827.  

Seeking to rank English, Dutch, German, French, and Hungarian on the 

opaqueness-transparency continuum, Borgwaldt, Hellwig, and De Groot (2004) 

computed entropy values for word-initial letter-to-phoneme correspondences for 

words in each language. An advantage of concentrating on a word’s initial part is 

that, rather than the commonly investigated monosyllabic vocabulary, all words in a 

language can be entered into the analysis. Comparing word-initial letter-to-phoneme 

correspondences, Borgwaldt et al. (2004) found English to have the most ambiguous 

orthography, followed by, in descending order, German, French, and Dutch, with 

Hungarian having the most predictable orthography of all languages analysed. In 

terms of phoneme-to-letter mappings, again English had the most ambiguous 

orthography, with French, German, Dutch, and Hungarian featuring increasingly 

fewer ambiguities. 

In their 2005 study, Borgwaldt et al. added Italian and Portuguese to their analysis 

while calculating word-initial letter-phoneme entropy values for lemmas instead of 

words. The authors investigated the relative contributions of vowels and consonants 

to the overall orthographic transparency and analysed the influence of entropy 

values as predictors of reaction times in naming tasks. None of the orthographies 

studied were found to display completely unambiguous mappings between letters 

and sounds. In terms of overall spelling-to-sound correspondences analysed at the 

word-initial letter-phoneme level, English had the most ambiguous orthography, 
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followed by French, German, Portuguese, Dutch, Italian, and Hungarian. When 

consonant and vowel letters were analysed separately, the pattern changed slightly: 

considering vowels, English remained the language with the most ambiguous letter-

to-phoneme correspondences, followed by German, Dutch, French, Portuguese, 

Italian, and Hungarian, with the latter language showing completely unambiguous 

vowel-letter/vowel-phoneme mappings. Looking at consonants, the most ambiguous 

letter-to-sound correspondences were found in French, followed by English, 

German, Hungarian, Italian, Dutch, and Portuguese. The authors argue that the 

onset entropy calculations not only inform one of a language’s overall orthographic 

transparency, but also allow us to rank single words according to the degree of 

spelling-to-sound ambiguity of their word-initial letters, a variable that was found to 

correlate significantly with naming latencies. As their analyses revealed, the seven 

languages showed different characteristics in terms of consonant-vowel ambiguity, 

which in turn might explain language-specific phonological encoding behaviour 

during the reading process. The authors stipulate that the ambiguity of letter-

phoneme mappings should therefore not be ignored in favour of an exclusive focus 

on larger grain sizes like morphemes.  

 

3.3  MORPHOLOGICAL COMPLEXITY 

A large number of the words we read every day are morphologically complex. In 

French and English this concerns about 75% and 85% of the words, respectively 

(Grainger & Ziegler, 2011). Morphologically complex words like work may, for 

example, have prefixed and suffixed derivations (e.g. rework, worker), inflected 

forms (e.g. works, working, workers), and compounds (e.g. workplace).  

 A common method of quantifying linguistic complexity is to count the occurrences 

of a variety of hand-picked, intuitively justified properties or complexity ‘indicators’ 

(Shosted, 2006). As regards morphological complexity, Bane (2008) proposes the 

number of possible inflections in a ‘typical’ sentence, the number of inflectional 

categories, and the number of morpheme types as likely indicators. According to 

Kettunen (2014), the number of cases (e.g. the nominative and accusative case 

forms) in a language is already indicative of its morphological complexity. Thus, 

Finnish has fourteen different morphological cases where English has a mere two, 

implying that Finnish has a large variation in noun forms while English has little. 

Compounding may also add to the level of morphological complexity. Other 

morphological categories, such as marking of definiteness and expression of number 

in the language, are also considered key factors (Stump, 2001).  

There have been several suggestions on how to quantify the morphological 

complexity of languages, but none of the definitions or qualifications proposed has 

been widely accepted (Kettunen, 2014). A number of these suggestions will be 

discussed in the following sections.  
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3.3.1 Linguistica 

Bane (2008) proposes the use of Linguistica4 software to approximate the 

morphological complexity of languages. The software deduces a linguistic system’s 

morphology from a given text sample based on the ‘minimum description length’ 

(MDL; Rissanen, 1984), a method of approximating Kolmogorov complexity. The 

general idea behind this quantification method is that one object is more complex 

than another insofar that it takes longer to describe, which, in our case, depends on 

the length of the shortest description of the string in question (see Bane, 2008; 

Kolmogorov, 1965, for more details). The models (descriptions) that the Linguistica 

software constructs are lexica consisting of stems, affixes, and ‘signatures’ 

(Goldsmith, 2001), where signatures describe the possible distributions of affixes 

upon stems. Bane (2008) provides some example entries in a lexicon derived by 

Linguistica from a corpus of standard French: 

  

Stem    Suffixal signature 

accompli   Ø.e.t.r.s.ssent.ssez  

académi   cien.e.es.que 

académicien  Ø.s 

  

Entry a) indicates that the stem accompli- can take the suffixes -Ø (masculine past 

particle), -e (feminine past particle), -t (third person singular), -r (infinitive), -s (second 

person singular), -ssent (third person plural), and -ssez (second person plural). 

Accordingly, the signature Ø.e.t.r.s.ssent.ssez corresponds to something like the 

inflectional category “verbs in -ir” in French. Likewise, entry b) signifies that académi- 

is the stem of words like académicien (‘academician’), académie (‘academy’), 

academies (‘academies’), and académique (‘academic’), while entry c) shows that 

the word académicien is also a stem itself that can take singular - Ø and plural -s. 

The aggregate complexity of a lexicon is distributed among its stems, affixes, and 

signatures. In a language with few and simple inflections, most of the information 

encoded by the lexicon, and hence its complexity, will be present in the set of 

potential stems. By contrast, for a morphologically more complex language, the 

Linguistica software will allocate more of that information to the set of potential affixes 

and signatures. For each stem, affix, and signature, a description length (DL) is 

calculated and tracked, and the ‘simplest’ model in this case is that with the smallest 

total description length over all stems, affixes, and signatures.  

 

                                                             
4 Available at http://linguistica.uchicago.edu 
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The following morphological complexity metric is proposed in Bane’s study 

(2008):  

 

Morphological complexity =           DL(Affixes) + DL(Signatures)            .               

DL(Affixes) + DL(Signatures) + DL(Stems) 

  

The morphological complexity of a language is then expressed as the sum of the 

description lengths of affixes and signatures, divided by the lexicon’s total description 

length. According to Bane, these descriptions lengths are approximations, or indices, 

of complexity so that the lexicon’s total description length is an approximation of its 

complexity. Bane proposes that one could also express morphological complexity as 

a unitless ratio of description lengths (instead of the sum), protecting the metric from 

the incidental deficiencies of available corpora, which will not generally exhibit the 

full spectrum of factual morphological combinations in a language. 

To explore the empirical behaviour of the metric proposed, Bane (2008) selected 

a total of twenty languages for preliminary appraisal while taking care to include a 

number of creole languages in order to test whether the proposed metric reflects the 

often intuitively claimed relative simplicity of their morphology. From each corpus 

(i.e. Bible translations for fourteen languages and corpora obtained from the Internet 

for the remaining six creole and pidgin languages), the Linguistica software 

computed a morphological lexicon of stems, prefixes, suffixes, and signatures 

describing their possible combinations. Together with their description lengths, the 

output yielded sufficient information to calculate the morphological complexity ratio. 

According to the metric, together with Vietnamese, creole and pidgin yielded 

relatively low morphological complexity values. The remaining languages were 

ranked plausibly Bane claimed, with Latin (35.5%) and Hungarian (34.0%) being 

placed the highest in the complexity spectrum, followed by Italian (28.3%), Spanish 

(27.5%), Icelandic (26.5%), French (23.1%), Danish (22.9%), Swedish (21.9%), 

German (20.4%), Dutch (19.6%), and English (16.9%).  

 

3.3.2 Juola method  

Juola (1998, 2008) offers an alternative, somewhat simpler approach. He proposes 

to approximate the Kolmogorov complexity (Kolmogorov, 1965) twice, i.e. before and 

after a corpus has been deformed in such a way as to efface any morphological 

information from the text. The ratio of these ‘before’ and ‘after’ measurements 

reflects the language’s morphological complexity. During the effacement, each word-

type is replaced by a random number, thus obscuring its original, inherent linguistic 

information while retaining external (presumably syntactic) information about the 

ordering and collocations of the word’s tokens. After distortion, the data is 

compressed using a compression algorithm with the size of the compressed original 
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word data file then being divided by the size of the compressed distorted word-data 

file.  

Both evaluating Maori, English, Dutch, and French, Juola (1998) and Bane (2008) 

(the latter using Linguistica) obtained similar relative rankings for these four 

languages. The Juola method has also been applied by Sadeniemi, Kettunen, Lindh-

Knuutila, and Honkela (2008) to 21 EU languages. In line with their expectations, 

Italian, English, Irish, French, Portuguese, and Spanish generated low complexity 

values, while the morphologically more complex languages of Finnish, Hungarian, 

and Polish were ranked at the other end of the scale. The authors do note that some 

of the results were unexpected: Dutch, Swedish, Danish, and German also yielded 

quite high values, with those for German even ranking at the top of the scale. 

Sadeniemi et al. propose that both compound words and the legal genre of the text 

they used might have boosted the complexity figures here. By contrast, Slovenian, 

Slovak, Latvian, Czech, and Estonian were expected to rank higher on the 

complexity scale than they were using this metric. 

 

3.3.3 Type-Token Ratio 

Type-token ratio (TTR), i.e. vocabulary size divided by text length, is a simple 

measure of lexical diversity. The basic problem with TTR is that it is affected by the 

length of the text sample, but Kettunen (2014) has shown that the simple TTR and 

its more elaborate moving-average type-token ratio (MATTR; Covington and McFall, 

2010) can be used for the approximation of morphological complexity of languages. 

The Finnish researcher computed TTRs by dividing the number of word-form types 

(i.e. unique string forms) in each selected text by the number of running word forms 

of the tokenized text and computed MATTR by choosing a window (e.g. 500 words) 

and then calculating the TTRs for words 1-500, then 2-501, 3-502, and so on to the 

end of the text. He then used the mean of all resultant TTRs as a measure of lexical 

diversity of the entire text, which was not affected by text length or by any statistical 

assumptions. A large variation in unique string forms that contain multiple parts of 

semantic information (e.g. work, worker, working), would result in a higher type-token 

ratio and hence according to Kettunen, in a higher morphological complexity. 

Kettunen analysed two different sources: a legal text from the EU constitution in 21 

languages (Sadeniemi et al., 2008) and non-parallel random data in 16 of the same 

languages taken from the Leipzig Corpus5 that contains a more general genre of 

texts. Token figures were generated by the MATTR software, whereas types were 

counted in sorted word files without duplicate forms.  

Kettunen compared the TTRs and MATTRs with complexity figures obtained with 

the Juola method (1998; 2008) and used mean figures of calculations and the 

                                                             
5 Leipzig Corpora Collection Download Page: http://corpora.uni-leibzig.de/download.html 
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number of noun forms in each language as a comparison when discussing the 

results of each measure. Their results showed that for the EU-constitution data 

(taken from Kettunen, Sadeniemi, Lindh-Knuutila, & Honkela, 2006), TTR, MATTR 

and Juola complexity figures correlated moderately (0.49 and 0.41 respectively, p < 

0.05). No Juola complexity figures were available for the Leipzig data. Figures 

showed that TTRs and MATTRs correlated highly with each other in both corpora 

(0.97 for the EU-constitution and 0.93 for the Leipzig corpus figures; p < 0.001). 

English was the least morphologically complex language according to all three 

measures, followed by Spanish and French, which were ranked among the five least 

complex languages again by all three measures. Finnish was found to be the most 

morphologically complex language whereas the Juola method placed Danish above 

Finnish. Kettunen argues that TTR, MATTR, and Juola’s complexity index all order 

the languages investigated quite meaningfully based on morphological complexity 

insofar that all three measures at least grouped most of the languages with the same 

kind of languages while clearly separating the most and least complex languages.  

 

3.4  SYLLABIC COMPLEXITY 

The definitions to describe syllabic complexity vary among researchers. Fenk-

Oczlon and Fenk (2008) define the concept as the number of phonemes per syllable. 

Their definition is narrower than the one proposed by Adsett and Marchand (2010), 

who define syllabic complexity as a measure of how difficult it is, on average, to 

determine the syllable boundaries in words in a specific language. In Seymour et al. 

(2003), the syllabic complexity dimension refers principally to the distinction between 

the Germanic languages, which have numerous closed CVC syllables and complex 

initial or final consonant clusters and the Romance languages, which have a 

predominance of open CV syllables with few consonant clusters in both onset and 

coda position. Thus, there is little consensus on how the syllabic complexity of 

languages should be determined. Previous research in this field generally adopted 

one of two approaches, the structural or the behavioural approach. Adsett and 

Marchand (2010) propose an alternative means, namely syllabification by analogy. 

All three interpretations will be discussed in the following sections.  

 

3.4.1 Structural Approach 

The structural approach uses the frequency and variety of permitted syllables within 

languages to determine whether they are stress- or syllable-timed (Adsett & 

Marchand, 2010). In a language spoken with stress-timed rhythm there is 

considerable variation in syllable length, while, on average, the interval between 

consecutive, stressed syllables is fairly constant. In a language spoken with a 

syllable-timed rhythm, on the other hand, the syllable lengths tend to be equal. 
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Adopting this structural approach, Dauer (1983) showed that languages that were 

more syllable-timed had more CV syllables composed of a single consonant followed 

by a single vowel. Thus, syllable-timed languages were found to have more open 

syllables, having no consonants following the vowel portion of the syllable, than 

closed syllables, where the closed syllables have at least one consonant following 

the vowel portion of the syllable. In the more stress-timed languages, among which 

English, Dauer conversely recorded fewer CV syllables and a greater variety in 

syllable types. Several researchers investigated the CV-syllable frequency of several 

languages using the following formula: 

 

CV frequency =  |CV syllables| 

            |syllables| 

 

Adsett and Marchand (2010) observed that this resulted in CV frequency scores of 

60.7% for Italian (Bortolini, 1976), 59.0% for European Portuguese (Frota & Vigário, 

2001), 58.0% for Spanish (Dauer, 1983), 46.7% for French (Laks, 1995), 43.0% for 

Dutch (Levelt & Van de Vijver, 1998) and 34.0% for English (Dauer, 1983).  

Ramus, Nespor, and Mehler (1999) proposed the duration of vocalic and 

consonantal intervals (also referred to as timing; Aravaniti & Rodriquez, 2013) as 

indicators of a language’s syllabic structure and complexity. The authors defined 

vocalic intervals as those segments of speech in which vowels were pronounced and 

consonantal intervals as those containing the consonant sounds. Analyzing recorded 

sentences, they found a higher standard deviation of consonant intervals across a 

sentence to indicate a greater variety in the number of consonants and their overall 

duration in the syllable, while, similarly, a lower proportion of vocalic intervals 

reflected a lower frequency of vowels in syllables and therefore the presence of more 

consonants. Both measures showed that a greater variety in syllable structures is 

related to a greater number and a greater variety of consonants and thus a higher 

level of syllabic complexity. Dutch, English, and Polish were highlighted as having a 

more complex syllable structure as they were found to be more stress-timed 

languages, while Catalan, French, Italian, and Spanish appeared more syllable-

timed, having a simpler syllabic structure according to Ramus et al.  

A critical note is required here. Despite the enduring popularity of the view that 

languages belong to distinct rhythm classes and that these differences are encoded 

in timing, others have argued strongly against this (e.g. Arvaniti, 2012; Arvaniti & 

Rodriquez, 2013; Horton, Russell, & Arvaniti, 2013; Loukina, Kochanski, Rosner, 

Keane, & Shih, 2011; Tilsen & Arvaniti, 2013), claiming that existing results that 

support this view are open to other and at least equally plausible interpretations, 

such as differences in speaking rate or fundamental frequency (F0).  
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3.4.2 Behavioural approach 

In a study by Seymour et al. (2003), an attempt was made to show the possible 

effects of syllabic complexity on reading acquisition through analysis of reading-

acquisition performance in 13 European orthographies. Based on the results of a 

large international collaboration between researchers reviewing the characteristics 

of European orthographies which were thought to likely affect reading acquisition 

(Niessen et a., 2000), Seymour et al. proposes to classify the orthographies included 

on the dimensions of syllabic complexity and orthographic depth. According to 

Seymour et al., the syllabic-complexity dimension distinguishes between Germanic 

(e.g. German, Danish, and English) and Romance (e.g. French, Italian, and Spanish) 

languages. Whereas Germanic languages have numerous closed CVC syllables and 

complex consonant clusters in both onset and coda positions, the Romance type 

languages have a predominance of open CV syllables with few initial or final 

consonant clusters. Seymour and colleagues hypothesized that the effort required 

to acquire literacy increases from simple to complex syllable structures (and from 

shallow to deep orthographies).  

Seymour et al. recorded significantly lower error rates during pseudoword reading 

in first- and second-grade children whose native language was Finnish, French, 

Greek, Italian, Spanish, or Portuguese, all languages that Seymour et al. perceived 

as having simple syllable structures. Error rates for the children learning to read 

Austrian, Danish, Dutch, English, German, Icelandic, Norwegian, and Swedish, were 

greater; languages they considered to be syllabically more complex. A limitation of 

the study, however, is that the effect of suggested differences in syllabic complexity 

across languages on reading acquisition cannot be isolated from other differences 

such as orthographic depth.  

 

3.4.3 Syllabification by analogy (SbA) 

In their 2010 article, Adsett and Marchand propose an alternative, computational way 

to measure relative syllabic complexity. According to the authors, their automatic 

syllabification algorithm provides a natural ranking of the complexity of syllabification 

for each language entered, whereby difficulty to automatically syllabify a language 

signifies increased complexity. They based their data-driven algorithm on the 

PRONOUNCE algorithm (Dedina & Nusbaum, 1991) to convert letters to phonemes, 

which system had then been substantially extended, refined, and adapted for the 

syllabification-by-analogy (SbA) task (e.g. Marchand & Damper, 2000; 2007). Both 

non-syllable and syllable-boundary junctures (i.e. a position between two contiguous 

letters in a word) were marked explicitly, using a * for non-syllable boundaries and a 

$ for syllable boundaries. The entry syl-la-ble, for example, would be stored as 

s*y*l$l*a$b*l*e.  
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Analyzing the syllabic complexity of Basque, Dutch, English, French, Frisian 

(primarily spoken in the Dutch province of Friesland), German, Italian, Norwegian, 

and Spanish using their SbA approach, Adsett and Marchand (2010) employed 

same-sized subsets with matching word length for spelling and pronunciation to 

facilitate comparisons across languages (see Adsett and Marchant, 2010, for more 

information about the lexicons used). To verify the representativeness of these 

lexicons for each specific language, they computed the frequencies of the CV 

syllables and compared these to values reported in the literature (Bortolini, 1976; 

Dauer, 1983; Frota & Vigário, 2001; Laks, 1995; Levelt & Van de Vijver, 1998).  

Word accuracy was quantified as the number of words syllabified by the method 

in exactly the same way as was given in the lexicon for that language. All languages 

were syllabified with an above 85% accuracy for spelling and a 90% accuracy for 

pronunciation. The results in the pronunciation domain were overall higher than 

those achieved in the spelling domain, leading the authors to suggest that the SbA 

method captures the pronunciation dimension best.  

Based on the SbA method and with regard to syllabic simplicity in the spelling 

domain (feedback direction), Spanish came first, followed by Basque, French, Italian, 

German, Dutch, English, and Norwegian. Accuracy results for Frisian were only 

analysed in the pronunciation domain (feedforward direction), in which the 

languages were ranked, once more from simple to complex, as follows: Spanish, 

Basque, Italian, French, German, English, Dutch, and Frisian. No pronunciation 

results were listed for Norwegian.  

 

3.5  DISCUSSION 

The specific characteristics of the orthography shape the phonological, orthographic, 

and morphological processes acquired, essential for fast and efficient word 

recognition. In this paper, several metrics were discussed that have been devised to 

quantify orthographic transparency, syllabic complexity, and morphological 

complexity of alphabetic languages. Based on the current status quo of metrics 

presented in this paper, it remains difficult to give a clear judgement on which metric 

seems most valuable for future use in this domain. Besides the fact that relatively 

little quantitative cross-linguistic research has been conducted regarding these 

matters and more research is needed before any of the ideas advanced so far will 

be widely accepted, the best measure also depends on the specific research 

question and particular orthographies and granularity studied. The use of Linguistica 

software (Bane, 2008), for example, will only be useful when a difference in the 

number and complexity of the inflections is expected between the orthographies 

analysed. In the light of instruction and intervention development, the ranking of 

languages proposed by these metrics should be supported by more behavioural data 

showing differences in reading acquisition and skilled reading between the 
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orthographies studied, a field which for morphological and syllabic complexity 

measures remains relatively unexplored.  

With regard to syllabic complexity measures, the results of the data-driven 

automatic syllabification algorithm (SbA) by Adsett and Marchand (2010) were in line 

with previous work applying a structural (Ramus et al., 1999) and behavioural 

approach (Seymour et al., 2003) and resulted in similar distinctions between 

orthographies. When comparing Adsett and Marchand’s SbA-pronunciation results 

for Dutch, English, French, Italian, and Spanish with the speech results Ramus et al. 

(1999) had obtained for these languages, lower word accuracies were obtained in 

the pronunciation domain for the languages judged by Ramus et al. to have a more 

complex syllabic structure (Dutch and English) than those believed to be syllabically 

less complex (French, Italian, and Spanish). As to spelling, Adsett and Marchand 

arrived at the same conclusion as Seymour et al. (2003), with their SbA approach 

having yielded higher word-accuracy values in the spelling domain for Italian, 

French, and Spanish than for the four Germanic languages.  

Although promising, more research is needed to increase the value of these 

metrics. One general difficulty is the variety in definitions. To make predictions about 

whether, and if so how, any of these orthographic aspects might affect reading 

acquisition and skilled reading, one cannot go without a clear and widely accepted 

definition of the specific aspect studied. Schmalz, Marinus, Coltheart, and Castles 

(2015) recently tried to tackle this issue for orthographic depth in their review by 

trying to get to the bottom of what is meant with orthographic depth in different 

studies and by proposing their definition based on theories of reading and previous 

research in this domain. Having a widely used definition of orthographic 

transparency, syllabic complexity and morphological complexity, will facilitate cross-

linguistic studies addressing these notions and different researchers replicating 

these studies in other orthographies.  

Compared to syllabic complexity, the orthographic transparency measures have 

received much more attention and researchers have been trying to challenge and 

improve the orthographic transparency measures over the past decades. Moreover, 

Borgwaldt et al.’s (2005) onset-entropy measure has also been used in large-scale 

behavioural studies of cross-linguistic differences (Landerl et al., 2013; Moll et al., 

2014; Vaessen et al., 2010; Ziegler et al., 2010). A number of limitations and 

proposed refinements are discussed below. The regularity and consistency studies 

using mono-syllabic words (Ziegler et al., 1996; 1997; 2000) stumble on difficulties 

to fully represent the whole writing system and all its complexities to which the reader 

is exposed. Moreover, cross-linguistic differences in the proportion and 

representativeness of monosyllabic words with respect to the full spectrum of 

mappings cannot be excluded (Protopapas & Vlahou, 2009). This monosyllabic bias 

present in the DRC model for example, is eliminated by focusing on the first letter 
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only as is done by Borgwaldt et al. (2004, 2005) using onset-entropy values. This 

also increases the comparability between orthographies as all words in all 

orthographies have initial letters. Nonetheless, while entropy, in contrast to the 

consistency and regularity approach, is able to discriminate between cases with 

many and few alternative mappings, and between non-dominant mappings with 

substantial and insignificant proportions, word-initial entropy values such as used by 

Borgwaldt et al., may still fail to represent the full spectrum of potential mapping 

complexities in different parts of the word. In English, for example, vowels occur 

more frequent in the middle of the word and it is often the vowel pronunciation that 

is unpredictable (Treiman et al., 1995). Moreover, in French, the spelling-to-sound 

irregularities mostly occur in the final consonants, which are often silent (Lété et al., 

2008). In Dutch, the words kiezen (to choose) and [ik] kies ([I] choose), have different 

spellings despite being forms of the same verb. This is because the ‘z’ in kiezen is 

pronounced as /z/, whereas the final phoneme in kies is pronounced as /s/ due to 

devoicing of final consonants in Dutch. In this example, the phoneme /s/ is 

represented by the grapheme ‘s’, and morphological transparency is sacrificed for 

phonological transparency (Landerl & Reitsma, 2005). By contrast, in the case of 

krabben (to scratch) and [ik] krab ([I] scratch), the devoiced final consonant ‘b’ is 

pronounced as /p/ in /kʀɑp/, but is still written as ‘b’. Here phonological transparency 

is sacrificed for morphological transparency. In both examples, onset-entropy would 

possibly result in an overestimation of the orthographic transparency. Surprisingly, 

to our knowledge no study whatsoever has been conducted on the use of coda-

entropy values. Protopapas and Vlahou (2009) show that the use of word-initial 

single-letter mappings results in a substantial underestimation of the orthographic 

transparency of Greek when compared to whole-word across-letter calculations. 

Another possibility would be to use word-form databases to assess languages in 

their natural reflected form (Hofmann, Stenneken, Conrad & Jacobs, 2007; 

Protopapas & Vlahou, 2009), instead of lemmas such as used by Borgwaldt et al. 

(2005). Word-form databases include morphological variations of the same lemma, 

such as work, worked, working, whereas lemma databases merely contain the ‘base’ 

form work. Moreover, frequency of occurrence is among the strongest predictors of 

how fast a word can be recognized or read aloud (Balota, Yap, & Cortese, 2006). 

Protopapas and Vlahou endorse transparency measurements in terms of token 

counts, using word forms weighted by the number of their occurrences in a 

representative text or speech corpus. A more conservative method would be to 

consider both type- and token-frequency counts, as recommended by Hofmann et 

al. (2007). 

Despite the limitations, the studies discussed in the present paper do trigger our 

thoughts about the complexity or simplicity of languages. From the perspective of 

orthographic transparency, English can be considered a complex language, whereas 
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Finnish may be perceived as simple. Studies have suggested that with regard to 

reading acquisition, transparent orthographies with high grapheme-phoneme 

consistency are more easily acquired than opaque and complex writing systems 

featuring a large number of inconsistent and irregular spellings (Aro & Wimmer, 

2003; Seymour et al., 2003). However, when it comes to word-recognition, 

characteristics of the Finnish morphology reduce the effectiveness of these 

‘beneficial’ factors since the majority of Finnish words are polysyllabic and tend to 

be long due to the highly productive compounding, a rich derivational system, and 

agglutinative morphology (Aro, 2004; Lyytinen et al., 2006). English scores the 

lowest on the morphological complexity measures TTR, MATTR, and Juola 

(Kettunen, 2014) among all languages included, whereas Finnish was found to be 

the most (or second most) morphologically complex language. Nonetheless, 

behavioural research has shown that more than 95% of Finnish students acquires 

accurate reading skills during the first year (Holopainen et al., 2001), while the rate 

of early reading acquisition was suggested to be slower by a ratio of about 2.5:1 in 

English than in most European orthographies (Seymour et al., 2003). This suggests 

that Finnish children acquire efficient strategies to overcome the potential difficulty 

resulting from the morphological complexity of the Finnish language. It has been 

argued that Finnish children are highly oriented toward the details of spoken 

language in order for them to differentiate words with small (single phonemic) 

variations. This would account for the large number of exceptional inflections that 

are already understood by Finnish children at school-entry age (Torppa et al., 2010). 

Morphological complexity has been suggested to most likely influence the 

automatization of reading in Finnish, i.e. how efficiently one learns to use larger units 

(Leinonen et al., 2001). Reading fluency, rather than accuracy, is seen as the most 

central factor being compromised among dyslexic readers in transparent 

orthographies such as Finnish (Lyytinen et al., 2015). 

For future research, we would suggest for more cross-linguistic studies to be 

conducted comparing two orthographies which are similar on as many aspects as 

possible, but different on the particular component of interest. The measures 

proposed in this study may be used to compare languages on the specific aspect 

investigated or may provide a starting point for other research focusing on the 

development of quantitative measures. Knowing that this will be a difficult task, 

several different studies will need to be conducted on the same set of orthographies, 

and these studies will need to be replicated in other languages. Proposed rankings 

need to be supported by behavioural studies of reading acquisition and skilled 

reading. Furthermore, within-language studies that are able to isolate a particular 

aspect that has been argued to drive cross-linguistic differences may also provide 

valuable information. Schiff et al. (2013) for example examined the effects of 

orthographic transparency on fourth-grade readers of Hebrew, revealing a different 
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pattern of reading development among the children with dyslexia. The Hebrew script 

consists of both vowelized and unvowelized script. The vowelized script is a highly 

regular and consistent orthography representing both consonants and vowels using 

both vowel letters and diacritic marks, whereas the unvowelized script is written 

without any diacritics representing vowels that are not conveyed by the basic 

alphabet and is considered orthographically irregular and inconsistent (Schiff, 2012). 

Interestingly, the authors’ findings suggested that, while the development of reading 

among Hebrew children typically relied on vowelization for intact acquisition of 

orthographic representations during early reading, no such reliance was found 

among the young dyslexic readers. This might be due to the flawed grapheme-

phoneme conversions skills of dyslexics, preventing them from using the vowelized 

script as a self-teaching mechanism for the development of an orthographic lexicon 

necessary for the later decoding of unvowelized words (Share, 1995).  

There is more to reading than sounding out graphemes. In this paper, we gave 

an overview of measures of orthographic transparency, morphological complexity 

and syllabic complexity, thereby discussing studies that propose several metrics at 

various grain sizes at which readers crack the orthographic code to identify written 

words. Despite our growing insight in these processes, in order to help children and 

adolescents overcome language and literacy problems, we still need to learn more 

about orthographic differences and about how to take advantage of language-

specific orthographic, syllabic, and morphological sources of information. 

  



 
 

 



 
 

 

 

 

 

CHAPTER 4 
 

 

Towards identifying dyslexia in Standard Indonesian: the 

development of a reading assessment battery6  
 

 

 

  

                                                             
6 The study reported in this chapter was adapted from a peer-reviewed publication: 

Jap, B. A. J.*, Borleffs, E.*, & Maassen, B. A. M. (2017). Towards identifying 
dyslexia in Standard Indonesian: the development of a reading assessment 
battery. Reading and Writing: An interdisciplinary Journal, 30(8), 1729–1751. 
DOI:10.1007/s11145-017-9748-y 
  
* Both authors have contributed equally as first authors to this manuscript. 

http://doi.org/10.1007/s11145-017-9748-y
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ABSTRACT 

With its transparent orthography, Standard Indonesian is spoken by over 160 million 

inhabitants and is the primary language of instruction in education and the 

government in Indonesia. An assessment battery of reading and reading-related 

skills was developed as a starting point for the diagnosis of dyslexia in beginner 

learners. Founded on the International Dyslexia Association's definition of dyslexia, 

the test battery comprises nine empirically motivated reading and reading-related 

tasks assessing word reading, pseudoword reading, arithmetic, rapid automatized 

naming, phoneme deletion, forward and backward digit span, verbal fluency, 

orthographic choice (spelling), and writing. The test was validated by computing the 

relationships between the outcomes on the reading-skills and reading-related 

measures by means of correlation and factor analyses. External variables, i.e. school 

grades and teacher ratings of the reading and learning abilities of individual students, 

were also utilized to provide evidence of its construct validity. Four variables were 

found to be significantly related with reading-skill measures: phonological 

awareness, rapid naming, spelling, and digit span. The current study on reading 

development in Standard Indonesian confirms findings from other languages with 

transparent orthographies and suggests a test battery including preliminary norm 

scores for screening and assessment of elementary school children learning to read 

Standard Indonesian.   
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4.1  INTRODUCTION 

Although our understanding of dyslexia has grown in the past decades, in many non-

English speaking parts of the world, the concept and study of dyslexia is still in its 

infancy (Lee, 2008). This also holds for Indonesia. With a population estimated to 

reach 258.7 million in 2016, Indonesia is the 4th most populous country on earth, 

ranking behind China, India, and the US. Figures vary, but numbers as high as 550 

(Sneddon, 2003) and 731 (Frederick & Worden, 2011) have been mentioned for the 

different languages spoken in the Indonesian archipelago in the early 21st century. 

Standard Indonesian (SI) has become the language of schools, government, 

national print and electronic media, and of interethnic communication (Frederick & 

Worden, 2011). For about 23 million Indonesians nationwide SI is their primary 

language, while for over 140 million others SI is their second language (Lewis et al., 

2013). Most of these first language SI-speakers live in larger cities. 

 Dyslexia occurs in all languages (Shaywitz et al., 2008), even though the 

consistency in which phonology is represented in the orthography varies and has a 

major effect in reading development (Ziegler & Goswami, 2005). The SI language 

script has a high degree of orthographic transparency with an almost one-to-one 

letter-to-sound correspondence (Winskel & Widjaja, 2007). Some cross-cultural work 

suggests universality in the neurocognitive and neurobiological causes of dyslexia 

(Peterson & Pennington, 2012). Based on previous studies conducted in other 

languages with transparent orthographies (e.g. Lyytinen et al., 2009; Trenta, 

Benassi, Di Filippo, Pontillo, & Zoccolotti, 2013; Van der Leij et al., 2013), it can be 

assumed that reading difficulties and dyslexia will also occur among the many 

Indonesians who (learn to) read SI. However, for those who are experiencing the 

negative consequences of these problems on their cognitive development, school 

motivation, well-being, and self-esteem (Lovio et al., 2012), reading acquisition in SI 

has, unfortunately, not been studied widely and also, to the best of our knowledge, 

no standardized measures of reading skills and reading-related cognitive abilities 

have thus far been developed to diagnose dyslexia.  

The development of a reading assessment battery is a crucial first step in the 

management of reading problems in Indonesia as knowledge and awareness of 

dyslexia in Indonesia are dependent on the accurate identification and treatment of 

individuals with or at risk of dyslexia in SI. The aim of the present study accordingly 

was to compose a comprehensive test battery to facilitate the assessment of reading 

acquisition and an early detection of reading difficulties in readers of SI. Such a test 

battery needs to comprise instruments to assess reading and spelling skills, as well 

as tools to evaluate cognitive functions known to be related to these skills.  
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4.1.1 The orthography of Standard Indonesian 

Standard Indonesian is a member of the Western Malayo-Polynesian subdivision of 

the Austronesian language family. Monolingual speakers of SI are relatively few in 

number; most Indonesians have first learned to speak regional dialects and only 

acquire SI through formal education.  

The Indonesian alphabet consists of 26 letters that correspond to the English 

alphabet. Since the introduction of the Enhanced Indonesian Spelling System (EYD) 

in 1972, SI features a highly transparent orthography (formally, not considering local 

dialects) with all but one grapheme having a one-to-one grapheme-to-phoneme 

correspondence. The only grapheme with two possible phonological counterparts is 

the ‘e’, which either represents the schwa /ə/ or the /e/. Additionally, there are several 

digraphs (‘gh’, ‘kh’, ‘ng’, ‘ny’, ‘sy’). Indonesian has very few consonant clusters, only 

three diphthongs ‘ai’, ‘au’, ‘oi’, and six vowels /i/, /e/, /a/, /ə/, /o/, and /u/ (Moeliono & 

Dardjowidjojo, 1988). SI is a zero-marking language (Nichols & Bickel, 2013) without 

case or gender markers. 

The syllable is a salient unit in SI, as multisyllabic forms make up the majority of 

words, rendering monosyllabic words uncommon (Winskel & Widjaja, 2007). 

Moreover, the syllable structures are simple and have clear boundaries, most 

frequently, V, VC, CV, CVC, and CVV (C=consonant; V=vowel; Prentice 1987). More 

complex syllable structures and consonant clusters do exist but mainly through 

loanwords. Syllabic stress is regular and mostly falls on the penultimate or the final 

syllable (Gomez & Reason, 2002).  

Indonesian possesses a rich transparent system of morphemes and affixations, 

with about 25 derivational affixes (Prentice, 1987). Nonaffixed forms are common in 

colloquial (spoken) Indonesian. The affixes have at least one semantic function and 

differ depending on the word class of the stem (Winksel & Widjaja, 2007). The stem 

word makan (‘to eat’) for example, becomes termakan (‘to be eaten’), makanan 

(‘food’), makani (‘devour’), and pemakan (‘eater’). There are irregularities, however, 

in the spelling of some affixes, which depend on their context. As many instructions 

in schoolbooks are written using these forms, Indonesian children need to be able to 

cope with long words consisting of various affixes from an early age (Winskel & 

Widjaja, 2007). 

The salience of the syllable in SI is reflected in the formal teaching method 

adopted, which primarily focuses on teaching children about correspondences 

between whole spoken and written syllables rather than about grapheme-phoneme 

correspondences (Winskel & Lee, 2013). Formal reading instruction typically 

proceeds along the following lines: first the alphabet is introduced and children are 

trained to memorize the names of letters. Next, they are instructed to combine 

consonants and vowels into syllables with a simple C and V pattern, such as b+a, 

b+i, b+u, b+e, and b+o, producing the syllables ba, bi, bu, be, and bo. After 
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rehearsing these syllables, the children are asked to combine the syllables to form a 

word, such as i+bu to create the word ibu (mother) (Dewi, 2003).  

 

4.1.2 Conceptual framework of the test battery 

To conceptualize reading assessment in SI, we relied on the International Dyslexia 

Association’s (IDA) definition of dyslexia (Lyon et al., 2003). According to this 

definition, dyslexia is characterized by problems with accurate and/or fluent word 

recognition (i.e. identifying real words), and poor spelling or decoding abilities 

(reading aloud pseudowords). These difficulties are often “unexpected” in view of the 

child’s other cognitive abilities (i.e. typical general intelligence) and exist despite the 

provision of adequate formal classroom instruction. At the explanatory level, dyslexia 

typically results from a deficit in the phonological component of language (Lyon et 

al., 2003).  

Following the IDA’s definition, we propose to identify dyslexia in SI based on three 

criteria: the presence of literacy difficulties that characterize dyslexia, a phonological 

component that underlies dyslexia, and an unexpectedness of these difficulties in 

relation to other cognitive and learning abilities. Building on this, the SI test battery 

then needs to employ a series of tasks to assess reading, decoding, and spelling 

skills. Moreover, as this initial assessment lacks specificity, measures of underlying 

phonological deficits need to be added to investigate other cognitive and learning 

abilities (Figure 4.1). 

 

 
Figure 4.1. Conceptual framework of dyslexia 

 

4.1.3 Assessment of compliance with dyslexia criteria 

To gather evidence of literacy difficulties that most likely characterize dyslexia in SI, 

we assessed the reading, decoding, and spelling skills of young beginner readers 

using a single-word reading test, a pseudoword reading test, a writing-to-dictation 
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task, and an orthographic choice (OCT) test. According to the simple view of reading, 

a model proposed by Gough and Tunmer (1986; Hoover & Gough, 1990), decoding 

capacity (defined as efficient word recognition) and linguistic comprehension (the 

ability to use information at the lexical or word level to achieve sentence and 

discourse interpretations) are both considered essential to reading success, while 

neither of the two skills is by itself sufficient. A key characteristic of dyslexia, which 

is word-level reading difficulties, is then explained by the lack of decoding skills 

(Gough & Tunmer, 1986; Rack et al., 1992), which becomes most apparent when 

words (e.g. pseudowords or non-words) cannot be read by sight (Snowling, 1995). 

Apart from lacking word-recognition and decoding skills, children with dyslexia often 

have spelling difficulties, which is not surprising as both theoretical and empirical 

studies argue that reading and spelling development are closely related (Ehri, 2005). 

We included seven subtests in our battery to investigate potential phonological 

deficits underlying dyslexia in SI. Wagner and Torgesen (1987) distinguish three 

main types of phonological skills related to reading acquisition: phonological 

awareness (the sensitivity for and access to sounds in spoken words), rapid 

automatized naming (RAN; retrieval of phonological codes from long-term memory), 

and verbal short-term memory (phonological coding in short-term memory). These 

phonological abilities are assessed using a phoneme-deletion task, three different 

RAN tasks (digits, letters, colours), WISC (backward and forward) digit span, and a 

verbal-fluency task. Verbal fluency (e.g. operationalized as: Name as many words 

starting with /s/) has been shown to be relatively sensitive in distinguishing dyslexic 

readers with a phonological deficit from those with certain types of visual deficits, 

with the latter category performing within the normal range (Cohen, Morgan, Vaughn, 

Riccio, & Hall, 1999). 

To gather evidence for a possible discrepancy between reading and spelling 

problems, and other cognitive or learning abilities, we utilized Raven’s “Coloured 

Progressive Matrices” (CPM; Raven & Court, 1962) to assess non-verbal IQ. In 

Indonesia, the CPM is one of the few standardized IQ tests for children and hence 

the most widely used. We furthermore investigated mathematical skills using the 

Tempo Test Rekenen ([Speeded Arithmetic Test]; De Vos, 1992). 

In the current study we aimed to address the following questions: (1) What are 

the cognitive factors indicative of typical reading ability in SI? (2) What is the typical 

profile of reading and reading-related cognitive skills for young beginner readers of 

SI? (3) Which variables distinguish typical young beginner readers from age peers 

with or at risk of developing dyslexia? And finally, (4) What are the optimal criteria 

for the categorization of reading difficulties in SI?  
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4.2  METHOD 

4.2.1 Participants 

The participants were 75 first-grade students (44 boys; 31 girls) with a mean age of 

6;4 (SD: 0.45; range, 6;0 to 7;11) and 64 second-grade students (37 boys; 27 girls) 

with a mean age of 7;6 (SD: 0.52; range, 7;0 to 9;8). All attended a Catholic private 

elementary school in West Jakarta, receiving education in SI, and came from middle 

socioeconomic backgrounds. Most were first language speakers of SI, though there 

was a small number of bilingual students who spoke a regional dialect at home (e.g. 

Javanese and Sundanese). It is worth noting that this language profile may not fit 

the majority of Indonesian speakers in the country, who usually acquire SI as a 

second language after the regional language spoken at home. The students were 

tested one month after the beginning of the second semester, with the first graders 

having received approximately 6 months and the second graders approximately 16 

months of formal instruction.  

 

4.2.2 Materials and Procedure 

The tests were administered in two sessions, one group and one individual session. 

Individual testing times varied from 20 to 30 minutes, depending on the students’ 

abilities. The group session took place in the classroom and took approximately one 

hour. The tests were administered by the first author with the assistance of 

psychologists. The words used for the reading tasks were drawn from the first-

graders’ Bahasa Indonesia textbook to ensure that all children were familiar with the 

terms. Details of each task are exemplified below. The group session comprised the 

following tests: 
 

Raven’s Coloured Progressive Matrices (CPM). The CPM (Raven & Court, 1962) 

was used to get an indication of the participants’ non-verbal intellectual capacities. 

Individual scores were compared with the average scores for that grade. All students 

completed the test and for those falling into the “poor reader” category, it was verified 

that they had above or equal-to-average intelligence according to the age-specific 

CPM norm scores; students scoring 13 or less (age 6;0) and 14 or less (age 7;0) 

were categorized as below average. The raw scores reflect the number of correct 

responses. 
 

Orthographic choice task (OCT). In this task the children were asked to identify the 

correct spelling (by underlining it) from three letter strings that were phonologically 

similar, as in bisa (correct; meaning: can), bissa (pseudoword), byza (pseudoword). 

A total of 20 sets of three letter strings were presented and the score was determined 

by the total number of correct answers. 
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Writing to dictation. Twenty words varying in phonological structure and length were 

presented orally in isolation and in sentence context. For example: kaki - Manusia 

memiliki dua kaki. (foot - Humans have two feet.). The students were instructed to 

write down the word using the correct spelling. The task score was based on the 

total number of correct answers.  
 

Tempo Test Rekenen (TTR). This arithmetic test (De Vos, 1992) assessed addition, 

subtraction, multiplication, and division. The first graders completed the first two 

sections (addition and subtraction), while the second graders additionally completed 

the multiplication section. The students were instructed to write down the answers 

as fast and as accurately as possible and, when the one-minute time limit had 

expired, they were told to proceed to the next section. The score was the average 

number of correct answers across the subtests administered.  
 

The following tests were completed during the individual session: 

Word reading (reading). In this task, the student was presented with a list of 100 

words taken from a first-semester grade-1 language textbook that were printed in 

columns on an A4-sized sheet. S(he) was asked to read aloud as many words as 

possible in one minute, reading as fast and as accurately as possible. Included were 

words with different phonological structures and grapheme-phoneme mappings, with 

syllable lengths varying from 1-4. Examples of test items include es (ice), mata (eye), 

baik (good), saudara (sister), and menyenangkan (pleasant). The number of 

correctly pronounced words within the 1-minute time limit was taken to reflect word-

reading fluency.  
 

Pseudoword reading (decoding). This task used the words of the word-reading task 

albeit that several letters of each word have been modified. Examples are: em, mita, 

boik, peudira, and kenyetangkin. The children were instructed to read aloud as many 

pseudowords as possible in one minute, where the number of correctly pronounced 

items was taken to indicate pseudoword reading fluency.  
 

Digit Span. The forward and backward digit-span tasks we used were adapted from 

the Dutch version of the WISC-R (Wechsler, 1974), of which the instructions were 

translated into SI. Students were asked to correctly repeat a sequence of digits 

immediately after presentation, in forward fashion during the first, and in backward 

fashion during the second task. Per trial two sequences with the same number of 

digits were presented. A trial was abandoned as soon as two errors were made on 

the same span length. Both digit-span scores were based on the number of correctly 

reproduced trials.  
 

Verbal fluency. Students were asked to produce as many words starting with the 

phoneme /s/, excluding names of people and places. Verbal fluency was scored 

based on the number of words correctly produced in one minute.  
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Phoneme deletion. The task consisted of 20 pseudowords that either had the initial, 

middle, or final phoneme omitted. The order of trials with different omissions was 

pseudo-randomized to prevent the children from being offered the same omission 

pattern more than twice in a row, which might cause confusion. For example, if the 

omission of an initial phoneme would be repeated multiple times, the participant 

might think the task only requires leaving out the first phoneme of each word. 

Moreover, to ensure that s(he) had heard the pseudoword correctly, the student was 

asked to repeat the pseudoword without the omission, just as it was orally presented 

by the experimenter (e.g. piku /pIkʊ/). Next, the student was instructed to repeat the 

pseudoword again, but now without the phoneme the experimenter provided. For 

example /pIkʊ/ without the phoneme /ʊ/, resulting in the pseudoword /pIk/. Because 

the task could be challenging for the younger participants, the experimenter ensured 

comprehension of instructions in addition to providing multiple examples. The raw 

scores indicated the number of correct responses out of 20. 
 

Rapid Automatized Naming (RAN). As in the Van den Bos RAN subtasks (2003), the 

children were presented with capital letters, digits, or colours printed on a test sheet 

and asked to name these as fast and as accurately as possible. The time needed to 

name the total of 50 items constituted the test score. Afterwards, the score was 

converted into words per second (wps in Table 4.1), accounting for any skipped 

items.  
 

Teacher ratings. For each grade, the homeroom teachers rated the students’ general 

learning, reading, writing, and arithmetic difficulties on a 3-point Likert scale, with the 

raw scores indicating the relevant numeric codes (1 = no difficulties, 2 = some 

difficulties/unable to determine, 3 = apparent difficulties). 
 

School grades. Individual grades from the first-semester tests on SI (Bahasa 

Indonesia) and mathematics were made available to the researchers. The grades 

assigned were any number out of 100. 
 

The analyses comprised: 1. variable descriptives; 2. correlation analysis; 3. factor 

analysis; 4. regression of cognitive and external variables on reading measures; 5. 

proposition of diagnostic cut-off values for each test and cross tabulation of poor 

performers to assess concordance of test outcomes; and 6. descriptives of the group 

of typical readers and the readers at risk of dyslexia. The correlation, factor, and 

regression analysis all contribute to the identification of reading-related cognitive 

factors. These factors build a cognitive profile of the tested individuals and 

distinguish at risk readers who display a dyslexic profile from typical readers, and 

from individuals who perform poorly on reading tasks for other reasons. 
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4.3  RESULTS 

4.3.1 Descriptives 

Table 4.1 lists the performance scores for the first and second graders on the 13 

tests, in addition to their school grades and the teacher assessments of individual 

learning difficulties, presented as mean, minimal, and maximal values, and standard 

deviations. The reading and decoding fluency scores show the number of correctly 

produced words in one minute. For writing to dictation, OCT, and phoneme deletion, 

correct answers out of 20 are given.
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Table 4.1 Descriptive statistics of the variables tested 

Grade 1 Mean Min Max SD Grade 2 Mean Min Max SD 

 (n=75)     (n=64)     

Reading fluency 63.03 39 100 14.73  76.95 54 99 11.73 

Decoding fluency 44.75 20 99 14.74  54.14 31 91 12.00 
Writing to dictation 18.79 6 20 2.08  19.39 14 20 1.00 
OCT  17.88 0 20 2.67  19.23 16 20 0.99 

TTR 11.68 0 24 4.72  16.45 8.67 32.67 4.44 
Digit span forward 4.49 3 7 0.72  5.05 4 7 0.92 
Digit span backward 2.80 2 5 0.75  3.05 2 6 0.86 

Verbal fluency 5.52 0 14 3.40  6.77 0 14 3.10 
Phoneme deletion 13.56 0 20 5.56  16.11 0 20 3.10 
RAN digits - wps 1.41 0.49 2.09 0.34  1.76 1.11 2.52 0.30 

RAN letters - wps 1.47 0.82 2.16 0.27  1.71 1.03 2.38 0.29 
RAN colours - wps 0.86 0.36 1.64 0.22  0.98 0.50 1.79 0.20 
CPM score 25.91 11 35 5.13  27.59 11 35 5.13 

Grades          

Language 83.16 66.00 95.00 7.02  83.10 65.70 93.30 7.58 

Mathematics 82.56 62.00 94.00 7.19  81.52 54.60 93.40 7.71 

  

Teacher Ratings of 

individual difficulties 
Mean 1 2 3 SD  Mean 1 2 3 SD 

Learning in general 1.32 57 9 7 0.64  1.14 57 5 2 0.43 
Reading  1.28 57 6 9 0.73  1.23 56 1 7 0.64 

Writing 1.41 51 8 12 0.80  1.41 51 0 13 0.81 
Mathematics  1.34 51 10 9 0.75  1.25 56 0 8 0.67 

Note on teacher ratings. 1 = no difficulties; 2 = doubtful (not sure, it can be either 1 or 3); 3 = noticeable difficulties. There are missing entries for  

teacher ratings in grade 1 as such: Learning in general (2 missing); Reading (3 missing; Writing (4 missing); Mathematics (5 missing).  
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4.3.2 Correlations   

Interrelationships among 12 tests (excluding the CPM) and the school grades for 

language and mathematics were examined using a correlation matrix, where the 

non-shaded part of Table 4.2 shows the correlations for grade 1 and the shaded 

section the correlations for grade 2. Correlations were taken to be significant when 

p <.05. 

Table 4.2 demonstrates that there are several variables that correlate significantly 

with reading and/or decoding fluency in both grades. In grade 1, reading fluency 

correlates significantly with decoding fluency, writing to dictation, OCT, arithmetic 

(TTR), digit span forward, phoneme deletion, RAN letters, and the language (SI) 

class grade. Similarly, decoding fluency correlates significantly with the 

aforementioned variables that correlated with reading fluency, with the exception of 

TTR and writing to dictation. Spelling (OCT) correlates with both reading measures, 

writing to dictation, TTR, RAN (letters), and language grades, while writing correlates 

with reading fluency, OCT, TTR, phoneme deletion, RAN (letters), and both 

language and math grades. 

In grade 2, decoding fluency, TTR, all three RAN subtasks, and language grades 

correlate significantly with reading fluency, while reading fluency, verbal fluency and 

the three RAN tasks correlate significantly with decoding fluency. As for spelling 

(OCT), significant correlations can be observed for writing, phoneme deletion, RAN 

(letters and colours), language grades, and math grades, while writing to dictation 

correlates with OCT and RAN (colours). 

The data also clearly shows that the correlations between RAN and reading or 

decoding fluency are more consistent and higher across the three RAN tasks for the 

second graders than they are for the first graders. Another marked difference is the 

significant correlation between the phoneme deletion task with reading or decoding 

fluency in grade 1 and the lack thereof in grade 2.  

More reading-associated tasks correlated with actual reading measures in grade 

1 than in grade 2. Spelling (OCT) scores correlated with both reading and decoding 

fluency in grade 1 but with neither in grade 2. The same can be observed for forward 

digit span, which correlated with the reading and decoding outcomes in grade 1 but 

not in grade 2. 

In addition to the test battery tasks, the classroom language scores uncovered 

another distinction between the two groups in that they correlate with decoding 

fluency in grade 1 but not in grade 2. The language scores of the first graders 

moreover correlate with other analytical reading-related variables such as TTR, 

phoneme deletion, verbal fluency, and all three RAN tasks. Such a pattern is not 

found in grade 2, where the language score does correlate with the OCT scores and 

reading fluency, correlations that are also found in grade 1.
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Table 4.2 Correlation of variables for grade 1 (unshaded part, n=75) and grade 2 (shaded part, n=64) 

 

 

Read. 

fluen. 

Decod 

fluen. 

Writ. 

to dict. OCT TTR  

Digit 

s-F 

Digit  

s-B 

Verb. 

fluen. 

Phon. 

del. 

RAN 

digits 

RAN 

letters 

RAN 

colour 

Ind. 

grade 

Math 

grade 

Reading fluency 1 .526** .141 .221 .293* .142 -.019 .203 .190 -.541** -.466** -.395** .405* .339 

Decoding fluency .844** 1 .238 .116 .178 -.087 .065 .253* .192 -.396** -.394** -.393** .140 .032 

Writing to dict. .268* .222 1 .387** .098 -.176 -.077 .045 .093 -.043 -.232 -.390** .145 .216 

OCT .365** .337** .462** 1 .095 .093 .006 .080 .401** .020 -.337** -.267* .555** .578** 

TTR  .263* .160 .264* .372** 1 .276* .044 .113 .158 -.420** -.187 -.259* .173 .336 

Digit span F .264* .234* .250* .150 .223 1 .118 .093 .266* -.102 .086 -.151 -.120 .194 

Digit span B -.029 -.022 .041 -.200 .098 .084 1 .028 -.002 .030 .048 .056 -.058 -.136 

Verbal fluency .085 .146 .157 .223 .109 .004 -.001 1 .283* -.114 -.224 -.134 .021 .077 

Phoneme deletion .304** .239* .353** .210 .298** .082 .269* .157 1 -.014 -.168 -.103 -.007 .260 

RAN digits -.210 -.176 -.031 -.087 -.196 -.263* -.092 .046 -.128 1 .515** .580** .154 .126 

RAN letters -.374** -.243* -.258* -.346** -.277* -.126 -.079 -.148 -.209 .439** 1 .480** .078 .088 

RAN colours -.140 .032 -.136 -.117 -.135 -.054 -.148 .014 .000 .546** .472** 1 .040 .072 

Indonesian grade .372** .255* .421** .291* .478** .220 .194 .235* .505** -.286* -.330** -.301** 1 .794** 

Math grade .229 .142 .333** .182 .453** .058 .117 .206 .509** -.175 -.280* -.250* .820** 1 

** Correlation is significant at the 0.01 level (2-tailed).           

* Correlation is significant at the 0.05 level (2-tailed). 
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4.3.3 Factor analysis results 

A principal component analysis was conducted for the first graders, the results of 

which are shown in Table 4.3. 

 

Table 4.3 Rotated component loadings for variables in grade 1 

 
Component 

1 2 3 

Reading fluency  0.907  
Decoding fluency  0.934  
Writing   0.728 

OCT   0.665 
TTR 0.338  0.550 
Digit span F  0.392  

Verbal fluency   0.519 
Phoneme deletion   0.592 
RAN digits 0.894   

RAN letters 0.758   
RAN colours 0.891   

Note. Factor loadings < .30 are suppressed. 

 

The analysis resulted in a three-factor solution, with the first factor being 

composed of the three RAN tasks and a moderate loading of arithmetic (TTR), which 

can be interpreted as the automaticity required to complete these tasks. The second 

factor is composed of word reading, pseudoword reading (decoding), and forward 

digit span, which, given their loadings, would earmark this factor as a reading 

component. The third factor is mainly composed of writing to dictation, OCT, 

arithmetic, verbal fluency, and phoneme deletion, and can hence be said to reflect 

writing, spelling, and reading-related skills.  

The results of the principal component analysis for the second graders are shown 

in Table 4.4. The analysis yielded three components. The first component comprises 

two sets of measures, i.e. the two reading measures (word and pseudoword 

reading), and the arithmetic and RAN tasks. Successful performance of all these 

tasks requires automaticity and some degree of verbal skills. The second component 

is much like the third component for grade 1, comprising writing and spelling, and 

forward digit span, verbal fluency, and phoneme deletion (mostly reading-related 

verbal measures). The third factor includes arithmetic and forward digit span, again 

cognitive reading-related variables. 
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Table 4.4 Rotated component loadings for variables in grade 2 

 
Component 

1 2 3 

Reading fluency 0.742   

Decoding fluency 0.631   
Writing  0.335  
OCT  0.713  

TTR 0.482  0.405 
Digit span F  0.373 0.745 
Verbal fluency  0.467  

Phoneme deletion  0.819  
RAN digits 0.879   
RAN letters 0.764   

RAN colours 0.761   

Note. Factor loadings < .30 are suppressed. 

 

4.3.4 Regression of cognitive and external variables on reading measures 

A multiple regression analysis was conducted with the factor scores of grade 1 but 

excluding reading and decoding fluency, producing three discernible components 

(Appendix 1) to predict reading and decoding fluency. The model was a good fit for 

reading fluency (F(3,71) = 8.008, p < .001, R2=0.253) and components 1 (p < .001) 

and 2 (p = .004) are both significant predictors. As for decoding fluency (F(3,71) = 

4.091, p = .010, R2 = 0.147), component 2 (p = .002) significantly predicts decoding. 

As can be seen in Appendix 1, component 2 is comprised of mainly writing, OCT, 

TTR, and phoneme deletion. 

The same set of factors was applied to model reading and decoding fluency of 

grade 2. As with grade 1, the set of components (Appendix 2) formed a model that 

fitted for reading fluency (F(3,60) = 11.336, p < .001, R2 = 0.362) and decoding 

fluency (F(3,60) = 5.922, p = .001, R2 = 0.228). One of the components, namely 

RAN/automaticity (component 1), significantly predicted reading (p = .000) and 

decoding fluency (p = .001).  

 In addition, multiple linear regression analyses were performed to predict reading 

and decoding fluency based on the external variables (teacher ratings and school 

grades). For the first graders, a significant regression equation was found for reading 

fluency (F(6, 66) = 2.682, p = .022), with an R2 of 0.196, with language grades being 

the only variable to significantly predict (p = .018) this dependent variable. The 

external variables did not significantly predict decoding fluency in grade 1 (F(6, 66) 

= 1.609, p = .158; R2 = 0.128). Notably, as a predictor of decoding fluency in the first 

grade, the teachers’ assessment of the students’ writing difficulties was close to the 

significance threshold (p = .079). In grade 2, the external variables were less 

prognostic: neither language and mathematics grades nor teacher ratings 

significantly predicted reading fluency (F(5,25) = 1.841, p = .141; R2 = 0.269) or 

decoding fluency (F(5,25) = .409, p = .838; R2 = 0.076).  
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4.3.5 Cross tabulation and categorization of reading and decoding difficulties 

Consistent with the main features of dyslexia (IDA: problems with accurate and/or 

fluent word recognition and poor spelling or decoding abilities), the number of poor 

readers, decoders and/or spellers in our sample were classified according to 

percentile scores. We were especially interested to see whether the children that 

were identified as poor readers were also poor decoders and/or spellers. For each 

test separately any diagnostic cut-off point would be arbitrary, but since percentiles 

can express substandard performance, we could propose a sensible combination of 

poor scores that could be indicative of reading difficulties, thereby putting the child 

in an at-risk category of poor literacy development. This method of classifying 

subgroups with lower reading performance percentiles as dyslexic has been used in 

numerous studies (Lovett, Steinbach, & Frijters, 2000; Torgesen, Wagner, Rashotte, 

Burgess, & Hecht, 1997). Using similar dyslexia criteria proposed for young Dutch 

language learners (Van der Leij et al., 2013) and based on the 10th, 20th, and 40th 

percentiles of the present sample, we suggest two at-risk categories for young 

beginner readers of SI. The cut-off values for these percentile criteria were calculated 

by using the means and SDs (with Z-critical values) for the total group of children 

(e.g. P10 = mean - 1.28*SD).  

The first at-risk category includes poor readers and/or decoders with the 

following scores: 

 

a) ≤ P10 on reading (< 45 for grade 1, < 62 for grade 2) and ≤ P40 on decoding 

(< 42 for grade 1, < 52 for grade 2). 

or 

b) ≤ P10 on decoding (< 26 for grade 1, < 39 for grade 2) and ≤ P40 on reading 

(< 60 for grade 1, < 75 for grade 2). 

 

The second at-risk category includes poor spellers and/or writers that also have 

relatively poor reading and/or decoding skills, as reflected by the following scores:  

 

≤ P20 on reading (< 51 for grade 1, < 68 for grade 2) and/or decoding scores 

(< 33) for grade 1, < 45 for grade 2). 

and 

a) ≤ P10 on spelling (OCT; < 15 for grade 1, < 19 for grade 2) and ≤ P40 on 

writing to dictation (< 19 for grade 1, < 20 for grade 2). 

or 

b) ≤ P10 on writing to dictations (< 17 for grade 1, < 19 for grade 2) and ≤ P40 

on spelling (OCT; < 18 for grade 1, < 20 for grade 2). 
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When these criteria are applied, there is an overlap between poor reading and 

decoding, and poor spelling. The results for each grade, indicating the classifications 

and numbers of students that were found to be at risk of dyslexia, are presented in 

Table 4.5. 

 

Table 4.5 At-risk classifications and number of students per category per grade 

 Category Grade 1 Grade 2 

Reading ≤ 10th & Decoding ≤ 40th * 1a 9 4 

Decoding ≤ 10th & Reading ≤ 40 th * 1b 2 2 
Reading & Decoding ≤ 10th 1a & 1b 2 3 

Category 1 total  13 9 

Spelling ≤ 10th & Writing ≤ 40 th ** 2a 1 0 
Writing ≤ 10th & Spelling ≤ 40th ** 2b 0 0 
Spelling and writing ≤ 10th 2a & 2b 1 1 

Category 2 total  2 1 

Overlap Category 1 & 2  2 1 

Total at risk of dyslexia  13 9 

Note. * excluding ‘Category 1a & 1b’; ** excluding ‘Category 2a & 2b’. 

 

As shown in Table 4.5, 13 first graders and nine second graders were found to 

have poor reading/writing/spelling skills, who are potentially at risk of developing 

dyslexia. All students who qualified for the poor spellers/writers criteria also fell into 

the poor readers/decoders group. 

 

4.3.6 Descriptives of typical and at-risk readers  

We next compared the variables for the typical readers and those found to be at risk 

of dyslexia according to the criteria. Descriptive values and results of the group 

comparison are presented in Table 4.6. It is important to appreciate that while the at-

risk group had lower scores on numerous variables tested, the group had average 

or above average non-verbal intelligence, as tested with the CPM. 

Independent samples t tests were conducted to statistically evaluate the 

differences between the two groups per grade as shown in Table 4.6. Figures 2 and 

3 display group differences per grade in a more graphic manner, by using z-scores 

calculated for each variable per grade.  
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Table 4.6 Descriptive statistics and t test results of typical readers and at-risk readers per grade 

 Grade 1 (n=75)  

  Typical (n=62)    At-risk (n=13)    Mean diff. (t test)  

  Mean Min Max SD     Mean Min Max SD     t df p 

Reading fluency 67.29 48 100 12.42   42.69 39 50 3.52   7.05 73 <.001*  

Decoding fluency 48.08 28 99 13.95   28.85 20 35 4.38   4.89 73 <.001* 

Writing to dictation 19.02 13 20 1.52   17.69 6 20 3.66   2.14 73 .036* 

OCT 18.13 0 20 2.80   16.69 14 19 1.49   2.61 73 .013* 

TTR 12.03 0 24 4.99   10.00 3.5 14 2.59   1.42 73 .160 

Digit span forward 4.55 3 7 0.76   4.23 4 5 0.44   1.45 73 .150 

Digit span backward 2.79 2 5 0.77   2.85 2 4 0.69   -0.26 73 .798 

Verbal fluency 5.42 1 14 3.38   6.00 0 12 3.58   -0.54 73 .599 

Phoneme deletion 14.24 0 20 5.15   10.31 0 18 6.45   2.39 73 .019* 

RAN digits - wps 1.45 0.49 2.09 0.35   1.26 0.94 1.67 0.24   1.81 73 .080 

RAN letter - wps 1.52 0.94 2.16 0.26   1.26 0.82 1.47 0.18   4.19 73 <.001* 

RAN colour - wps 0.87 0.36 1.64 0.23   0.78 0.64 0.89 0.09   1.35 73 .181 

CPM score 26.05 11 35 5.09   25.23 14 32 5.50   0.49 73 .628 

Grades Mean Min Max SD   Mean Min Max SD   t df p 

Language 83.79 66 95 7.16   80.00 68 88 5.49   2.06 71 .052 

Mathematics 82.90 62 94 7.48   80.83 68 88 5.39   1.13 71 .271 

Teacher Ratings of  
indiv. difficulties 

Mean 1 2 3 SD   Mean 1 2 3 SD  t df p 

Learning in general 1.25 50 7 4 0.57  1.67 7 2 3 0.89  -2.12 71 .037* 

Reading 1.23 52 3 6 0.64  1.54 5 3 3 1.05  -1.42 73 .160 

Writing 1.26 47 6 6 0.68  2.17 4 2 6 0.94  -3.94 71 <.001* 

Mathematics 1.28 46 7 6 0.69   1.67 5 3 3 0.99   -1.66 71 .101 
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Table 4.6 Continued.  

  Grade 2 (n=64)  

 Typical (n=55)   At-risk (n=9)   Mean diff. (t test)  

  Mean Min Max SD     Mean Min Max SD     t df p 

Reading fluency 79.73 56 99 10.00   60.00 54 73 5.74   5.74 62 <.001* 

Decoding fluency 56.60 40 91 10.78   39.11 31 51 7.34   6.15 62 <.001* 

Writing to dictation 19.53 17 20 0.72   18.56 14 20 1.88   2.85 62 .006* 

OCT 19.36 16 20 0.95   18.44 17 19 0.88   2.87 62 .015* 

TTR 16.82 8.67 32.67 4.53   14.15 10.67 20 3.11   2.2 62 .043* 

Digit span forward 5.09 4 7 0.89   4.78 4 7 1.09   0.82 62 .434 

Digit span backward 3.06 2 6 0.89   3.00 2 4 0.71   0.21 62 .840 

Verbal fluency 6.93 0 14 3.07   5.78 2 12 3.31   0.98 62 .351 

Phoneme deletion 16.46 10 20 2.30   14.00 0 20 5.85   2.27 62 .027* 

RAN digits - wps 1.79 1.11 2.52 0.30   1.61 1.32 1.92 0.23   2.04 62 .062 

RAN letter - wps 1.74 1.03 2.38 0.29   1.52 1.28 1.92 0.20   2.88 62 .012* 

RAN colour - wps 1.00 0.63 1.79 0.19   0.85 0.5 1.21 0.21   1.94 62 .081 

CPM score 27.67 11 35 5.20   27.11 18 33 5.01   0.31 62 .760 

Grades Mean Min Max SD     Mean Min Max SD     t df p 

Language 84.10 65.8 93.3 7.01   73.80 65.7 80.1 7.37   2.409 29 .023* 

Mathematics 82.45 68.7 93.4 6.15   72.87 54.6 84.1 15.96   2.17 29 .038* 

Teacher Ratings of  
indiv. difficulties 

Mean 1 2 3 SD   Mean 1 2 3 SD   t df p 

Learning in general 1.09 51 3 1 0.35  1.44 6 2 1 0.73  -2.36 62 .021* 

Reading  1.15 51 0 4 0.52  1.78 5 1 3 0.97  -2.93 62 .005* 

Writing 1.22 49 0 6 0.63  2.56 2 0 7 0.88  -4.37 62 .002* 

Mathematics  1.18 50 0 5 0.58  1.67 6 0 3 1.00  -2.08 62 .042* 

Note. Teacher ratings: 1 = no difficulties; 2 = doubtful (not sure, it can be either 1 or 3); 3 = noticeable difficulties.  
 * Mean difference is significant at the 0.05 level. 
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Both grades show significant group variations in reading and decoding fluency 

(Table 4.6). This is unremarkable because reading and decoding fluency are part of 

the selection criteria. However, in grade 1, the at-risk group also scored significantly 

lower on writing to dictation, and OCT; recall that only two out of the 13 children at 

risk based on reading and decoding, were also at risk based on spelling. In addition, 

the at-risk children scored significantly lower on phoneme deletion, and a RAN 

subtask (letters). Additionally, the grade-1 teachers rated the children in the at-risk 

group to have significantly more problems in learning in general and writing. In grade 

2, the at-risk group had lower scores for writing, OCT (only one out of nine being at 

risk based on spelling), arithmetic (TTR), phoneme deletion, and a RAN subtask 

(letters). Moreover, similar to grade 1, the grade-2 teacher ratings for the at-risk 

group were significantly worse for general learning, reading, writing, and 

mathematics. To add to this, the school grades for language and mathematics of the 

grade-2 at-risk group were significantly lower. It is lastly important to note that the 

non-verbal IQ scores (CPM) were not significantly different between the groups 

across grades 

The analyses demonstrated that the at risk of dyslexia criteria we adopted were 

to some extent supported by the external variables (teacher ratings and school 

grades): the grades for the at-risk group also indicate that their school performance 

was poorer.  

 

 
Figure 4.2. Z-scores of typical readers and at-risk readers in grade 1 

 



DEVELOPMENT OF AN INDONESIAN READING ASSESSMENT BATTERY 

107 

 

Figure 4.3. Z-scores of typical readers and at-risk readers in grade 2 

 

4.4  DISCUSSION 

The aim of the present study was to develop a comprehensive test battery that would 

allow the assessment of reading acquisition and the early detection of reading 

difficulties in beginner learners of Standard Indonesian (SI). Based on the results 

attained by typical young readers, we further aimed to propose criteria to differentiate 

children with and without dyslexia and those at risk of developing the disorder.   

Ziegler and Goswami (2005) argue that in alphabetic languages predictors of 

reading performance are relatively universal. However, the predictors’ precise 

weights may be modulated by the transparency of the orthography, as may also be 

the case for the indicators of dyslexia. SI orthography has a high degree of 

transparency with a close-to-perfect letter-to-sound correspondence (Winskel & 

Widjaja, 2007). Reading research has shown that slowed reading speed is the most 

marked problem in dyslexic readers in transparent orthographies (Tilanus et al., 

2013; Wimmer, 1993) and that reading accuracy remains relatively unaffected 

following the very early stages of reading acquisition (Holopainen et al., 2001; 

Landerl et al., 1997; Tressoldi et al., 2001). We accordingly took reading and 

decoding fluency as the main components of the test battery, with speed and 

accuracy being measured as the number of correctly read words and pseudowords 

within one minute.  

To gather evidence of literacy difficulties that may characterize dyslexia in SI, we 

assessed reading, decoding, and spelling abilities, in addition to phonological skills 
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and other cognitive aspects related to reading in beginner learners of SI. The results 

indicated that several of our tests correlated significantly with reading and decoding 

fluency. Most notably, the correlations between rapid automatized naming (RAN) 

and reading or decoding fluency were more consistent and higher across the three 

RAN tasks in the grade-2 than they were in the grade-1 readers. Moreover, whereas 

the phoneme deletion task correlated significantly with reading or decoding fluency 

in grade 1, this was not the case for grade 2. These findings agree with results from 

earlier research in languages with transparent orthographies and indicate a 

decreasing effect of phonological awareness on reading after starting school (formal 

instruction) when the basic decoding rules have been learned (e.g. De Jong & Van 

der Leij, 2002; Georgiou et al., 2008; Holopainen et al., 2001), whereas the 

importance of RAN over time appears to increase (De Jong & Van der Leij, 1999; 

Vaessen & Blomert, 2010). Overall, the correlations between reading and decoding 

fluency and other reading-related tasks were higher in grade 1 than in grade 2. The 

outcomes on the orthographic choice task (OCT) and writing to dictation, for 

example, correlated significantly with reading fluency (and with decoding fluency for 

OCT) in grade 1 but not in grade 2. Note that the results we obtained may have been 

influenced by the level of the task content, which for both tasks was based on grade-

1 textbooks and therefore relatively easy for the second graders, which is also 

reflected in the high mean scores for these students on the two tasks (Table 4.1). 

We consequently propose to increase the complexity of these spelling tests for grade 

2 and above. The principal component analysis we conducted resulted in a three-

factor solution in both grades, including two separate components for reading and 

decoding, and for writing and spelling. Regarding the tasks mentioned under the 

‘phonological deficit criterion’ in Figure 4.1, the factor analysis in grade 1 yielded a 

separate RAN component, whereas in grade 2 the RAN tasks were incorporated in 

the reading and decoding component. In both grades, verbal fluency and phoneme 

deletion were part of the writing and spelling component.  

The independent sample t tests showed significant differences between the 

typical and the at-risk readers for reading and decoding fluency as well as for 

phoneme deletion, writing to dictation, OCT, and RAN in both grades. Additionally, 

based on external measures, the at-risk second-graders performed more poorly on 

language and mathematics, and in both grades, teacher ratings pointed out some 

form of difficulties in writing, reading, mathematics, or studying in general in the at-

risk group.  

Based on our categorization criteria, 17.3% of the first graders and 14.1% of the 

second graders were found to be at risk of dyslexia. Depending on the definition, 

linguistic system, and the stringency of the criteria used, in western populations the 

prevalence of developmental dyslexia varies between 5 and 10%, and up to 17.5% 

for English speakers (Gilger, Pennington, & De Fries, 1991; Habib, 2000; Shaywitz, 
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1998). In Finnish, another very transparent orthography, the prevalence rate for adult 

speakers was estimated at around 6% (Lyytinen et al., 1995). It is important to bear 

in mind that the children that were labelled as being at risk of dyslexia in our sample 

may indeed have been behind in reading, decoding, and/or spelling, but may not 

necessarily be dyslexic or develop dyslexia in the future. We base our criteria solely 

on the IDA’s definition of a dyslexia diagnosis, which does not necessarily require 

an explanation to be provided for the actual reading and spelling problems 

experienced. The reading-related cognitive tasks (i.e. phoneme deletion, RAN, digit 

span, and verbal fluency) can therefore provide valuable information to support the 

diagnostic process as they can help establish whether the child indeed has a 

dyslexia-specific cognitive profile, which, in turn, might explain the literacy problems 

when they are unexpected in relation to the student’s other cognitive and learning 

abilities (similar to the Dutch Protocol for Diagnostics and Treatment of Dyslexia, 

Nationaal Referentiecentrum Dyslexie, 2013). Moreover, we have found in the 

regression analysis that the automaticity component (component 1) significantly 

predicts reading in grade 1 and reading and decoding in grade 2. This is an indication 

that automaticity or naming speed as with the task we used, has an impact on 

reading competence for early readers of SI. 

We hope that with this comprehensive first study we have provided a starting 

point for future dyslexia research in Indonesia. Of course, our study is limited in that 

the sample consisted of students from one elementary school based in one of 

Indonesia’s many cities, while there are many other ethnic groups in other regions 

that do not speak SI as their first language. As such, the scores we acquired and the 

norm scores we computed may not be representative of young learners of SI in other 

regions. Additionally, the size of the sample is also limited to the school investigated. 

To collect more and more general normative data, the test battery needs to be 

applied in other parts of the country and other ethnic groups of different socio-

economic backgrounds. If these evaluations were to generate inconsistent results, 

the test battery would require modification. Moreover, it would be recommended to 

further investigate other factors that could have contributed to the lower scores 

attained by the at-risk children, such as SES, parents’ educational levels, and school 

attendance of the child. Given the strong indications of a genetic component in 

dyslexia, additional data on reading and spelling difficulties among parents and 

siblings may also provide valuable information. Nonetheless, the overall profile of 

test scores we obtained suggests that the tests yield valid measures of reading 

acquisition and dyslexia, while the phoneme deletion and RAN tasks as well as the 

spelling and OCT tests appear to provide useful information to better interpret the 

reading and decoding fluency outcomes. However, as mentioned before, the 

difficulty level of the latter two tests may need to be adjusted for implementation in 

higher grades. It would also be interesting to see whether the addition of a silent 
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reading test (assessing silent reading fluency) would generate further useful 

information. Finally, we recommend to always include both individual teacher ratings 

and school grades in the final diagnosis as our results showed significant differences 

between the typical and the at-risk-of-dyslexia readers on both variables that 

supported the test results of the reading assessment battery. 



 

 
 

  



 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

CHAPTER 5 
 

 

Do single or multiple deficit models predict the risk of dyslexia in 

Standard Indonesian?7  
 

 

 

 

 

 

 

 

 

  

                                                             
7 The study reported in this chapter was adapted from a peer-reviewed online 

publication: Borleffs, E.*, Jap, B. A. J.*, Nasution, Indri K., Zwarts, F., & Maassen, 
B. A. M. (2018). Do single or multiple deficit models predict the risk of dyslexia in 
Standard Indonesian? Applied Psycholinguistics, 1-28. 
DOI:10.1017/S0142716417000625 
 
* Both authors have contributed equally as first authors to this manuscript. 
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ABSTRACT 

Although our understanding of reading acquisition has grown, the study of dyslexia 

in Standard Indonesian (SI) is still in its infancy. A recently developed assessment 

battery for young readers of SI was used to test the feasibility of Pennington et al.’s 

(2012) multiple-case approach to dyslexia in the highly transparent orthography of 

SI. Reading, spelling, phonological skills, and non-verbal IQ were assessed in 285 

first-, second-, and third-graders. Deficits in reading-related cognitive skills were 

classified and regression analyses were conducted to test the fit of single- and 

multiple-deficit models. Naming speed (NS) was the main predictor of reading and 

decoding fluency, followed by phonological awareness (PA), and verbal working 

memory (VWM). Accounting for 33% of the cases that satisfied both methods of 

individual prediction (i.e. classification of deficits and regression analysis), the Hybrid 

Model proved the best fit. None of the deficits in PA, NS, or VWM alone was sufficient 

to predict a risk of dyslexia in the present sample, nor was a deficit in PA necessary. 

Hence, there are multiple pathways to being at risk of dyslexia in SI, some involving 

single deficits, some multiple deficits, and some without deficits in PA, NS, or VWM. 
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5.1 INTRODUCTION 

The past decades have seen progress being made in our understanding of typical 

reading development and the causes of deficits in the acquisition process. Research 

on reading and writing, however, has traditionally focused on a limited number of 

European languages, in particular English, a language with an exceptionally 

inconsistent and irregular orthography (Share, 2008). More recently, research on 

reading and spelling in other languages and scripts has been receiving increased 

attention (Landerl et al., 2013; Peterson & Pennington, 2015; Winskel, 2013). 

However, whereas the body of research focusing on East Asian languages is 

growing (i.e. Chinese, Japanese and Korean), still very little research has been 

conducted on reading and spelling development in languages of Southeast Asia, 

among which is the highly transparent Standard Indonesian language (Winskel & 

Widjaja, 2007; Jap, Borleffs, & Maassen, 2017).  

Dyslexic children exhibit common phonological deficits in different languages and 

predictors of reading performance are relatively universal, at least in alphabetic 

orthographies. Nevertheless, the predictors’ precise weights may vary depending on 

the transparency of the mapping system (Ziegler & Goswami, 2005). Moreover, 

orthographic differences across languages have been shown to influence the 

reading strategies applied and to impose differential weighting on different neural 

pathways during word-reading (Das, Padakannaya, Pugh, & Singh, 2011). 

Expanding our research focus to a broader range of languages and scripts is 

therefore essential to gain a better understanding of orthography-specific versus 

universal mechanisms in reading and spelling development.  

In the present study, we adopt Pennington et al.’s (2012) approach in which we 

test the fit of single versus multiple deficit models of dyslexia to individual cases. 

Instead of focusing on a mainly English speaking sample, however, we analyse 

individual profiles of young readers of Standard Indonesian. An introduction to 

Pennington et al.’s study and the present study is given in the sections ‘Individual 

prediction of dyslexia’ and ‘The present study’, respectively. 

 

5.1.1  Underlying skills of reading in different orthographies 

Wagner and Torgesen (1987) distinguish three major types of phonological abilities 

required for reading acquisition: phonological awareness, retrieval of phonological 

codes from long-term memory, and phonological coding in short-term memory. 

Phonological awareness (PA) refers to the sensitivity for and access to sounds in 

spoken words. Although accepted as one of the strongest predictors of reading 

development in the opaque English orthography (e.g. Muter et al., 2004; Vellutino et 

al., 2004), opinions differ on whether this also applies to more transparent 

orthographies. Some studies showed that the influence of PA was stronger in 
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opaque than in transparent orthographies (Mann & Wimmer; 2002; Vaessen et al., 

2010; Ziegler et al., 2010), while others reported an equally strong prediction of PA 

in English and in more transparent orthographies (Caravolas et al., 2012, 2013). In 

transparent orthographies, PA seems to particularly affect early reading acquisition, 

with its influence decreasing over time when the basic decoding rules have been 

learned (Furnes & Samuelsson, 2011; Georgiou et al., 2008; Holopainen et al., 2001; 

Vaessen et al., 2010). However, conflicting results have been reported for Czech 

(Caravolas et al., 2005), Dutch (Morfidi et al., 2007), and Finnish (Kortteinen et al., 

2009) on more complex PA tasks. Moreover, using speeded PA tasks, Vaessen and 

Blomert (2010) showed that reading and PA remained reciprocally related over many 

years also in transparent orthographies. In opaque orthographies PA remains a 

strong predictor beyond first grade, reflecting the fact that the development of 

accurate decoding in opaque orthographies takes longer than in more transparent 

orthographies (Seymour et al., 2003).  

 The second type of phonological ability, i.e. the retrieval of phonological codes 

from long-term memory, concerns access to the pronunciations of letters, digits, and 

words, and is typically tested as rapid automatized naming (RAN). RAN has been 

primarily associated with reading speed and fluency in both transparent 

orthographies such as Dutch (De Jong & Van der Leij, 2003; Vaessen et al., 2009), 

German (Landerl & Wimmer, 2008), Greek (Georgiou et al., 2008), and Finnish 

(Kairaluoma et al., 2013; Lepola et al., 2005), and in the opaque English orthography 

(Pennington et al., 2001; Sunseth & Bowers, 2002). In contrast to PA, the relative 

importance of RAN has been shown to increase over time (De Jong & Van der Leij, 

1999; Heikkilä et al., 2016; Vaessen et al., 2010; Wimmer, 1993). Even though RAN 

seems to be a rather robust predictor of reading across languages, the relationship 

between RAN and reading still warrants more research as results are again 

contradictory. RAN has been claimed to be a stronger predictor of reading skills than 

PA in more transparent orthographies (e.g. De Jong & Van der Leij, 1999, 2003; 

Wimmer et al., 2000). This is at odds with the results from cross-linguistic studies 

showing the impact of RAN to be stronger in the more complex rather than the less 

complex orthographies (Landerl et al., 2013), or with results indicating generally 

weak associations between RAN and reading across orthographies (Ziegler et al., 

2010). Others have suggested that RAN remains universally important after 

decoding accuracy has been reached (e.g. Moll et al., 2014; Norton & Wolf, 2012), 

which has been shown to take considerably longer in inconsistent orthographies 

(Seymour et al., 2003). Studies conducted in less transparent orthographies after 

the initial phases of reading seem to support this idea (Juul, Poulsen, & Elbro, 2014; 

Vaessen et al., 2010).  

Phonological coding in short-term memory, the third phonological ability involved 

in reading acquisition mentioned by Wagner and Torgesen (1987), concerns the 
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ability to temporarily store verbal information and is often denoted as verbal working 

memory (VWM). VWM is regarded as playing an important role in both word 

decoding and spelling (Tilanus et al., 2013; 2016). Assessing VWM skills, Tilanus 

and colleagues (2013; 2016) found large differences between typical and poor 

second-grade learners of Dutch, showing that the poor readers had difficulty keeping 

phonological information in their working memory. VWM impairments were also 

found in older dyslexic elementary school readers of English (Kibby et al., 2004) and 

German (Reiter et al., 2004) as compared to typical readers. By contrast, Dutch 

dyslexic children and weak readers in De Jong and Van der Leij’s (2003) study did 

not differ significantly from typical readers on VWM tasks that were assessed in 

kindergarten and first grade. The authors hypothesize that if VWM is influenced by 

learning to read, or develops concurrently, then differences between typical and 

dyslexic readers might become more apparent after first grade. The results of 

Landerl et al.’s (2013) cross-linguistic study indicated that VWM played a significant, 

but comparatively minor role than phoneme deletion and RAN as predictor of 

dyslexia. In contrast to the latter two predictors, the impact of VWM was not 

modulated by orthographic complexity in Landerl et al.’s study. 

 

5.1.2  The models explaining dyslexia 

The International Dyslexia Association characterizes dyslexia as difficulties with 

accurate and/or fluent word reading, spelling, and decoding (Lyon et al., 2003). In 

children with reading difficulties in transparent orthographies, such as Finnish, Greek 

or Italian, reading speed is usually slowed whereas reading accuracy remains 

relatively unaffected following the very early stages of reading acquisition (e.g. 

Dandache et al., 2014; De Jong & Van der Leij, 2003; Constantinidou & Stainthorp, 

2009; Escribano, 2007; Holopainen et al., 2001; Landerl & Wimmer, 2008; Tressoldi 

et al., 2001). Phoneme identification and phonological decoding skills hence seem 

to be relatively intact (Barca et al., 2006; Martens & De Jong, 2006; Ziegler & 

Goswami, 2005). If grapheme-to-phoneme correspondences are consistent, even 

children with dyslexia are apparently able to map printed words onto their spoken 

forms. Still, a tendency towards inaccurate reading was also found among some of 

the poor readers in transparent orthographies (e.g. Boets et al., 2010; Eklund et al., 

2015; Leinonen et al., 2001; Sprenger-Charolles et al., 2000). In languages with an 

opaque and inconsistent orthography on the level of grapheme-phoneme 

correspondences, dyslexia typically becomes apparent on the basis of inaccurate 

reading alone, although reading speed and spelling skills may also be affected 

(Ziegler & Goswami, 2005).  

Although dyslexia has been studied extensively over the years, researchers have 

not yet been able to get to the root of the matter. Instead, single (e.g. Ramus et al., 

2003), double (e.g. Wolf & Bowers, 1999), and multiple-deficit models (e.g. Bishop 
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& Snowling, 2004; Pennington, 2006) have been proposed to explain this 

developmental condition. One prevailing theory is the phonological theory of dyslexia 

which proposes that dyslexia is caused by a specific impairment in the 

representation, storage and/or retrieval of speech sounds (Ramus et al., 2003). 

These processes are essential for the establishment and automatization of 

grapheme-phoneme correspondences, i.e. the foundation of reading in alphabetic 

systems, which in turn underlie fluent and accurate word recognition. While different 

views exist on the nature of the phonological problems, for the last several decades 

there has been scientific consensus that dyslexia has its roots in cognitive difficulties 

to process phonological features, resulting in difficulties to process written language 

(Peterson & Pennington, 2015; Vellutino et al., 2004). 

In contrast to single deficit-models, the multiple-deficit model (Pennington, 2006) 

does not rest on one causal factor or chain of factors while excluding others, but 

postulates that multiple etiologic risk and protective factors interact with each other 

and with cognitive processes, neural systems, and complex behavioural disorders. 

The double-deficit hypothesis (Wolf & Bowers, 1999), instead of focusing on multiple 

interacting factors, proposes a distinction between a phonological deficit subtype of 

dyslexia that would be linked to inaccurate reading, and a naming-speed deficit 

subtype linked to slow reading. A ‘double deficit’ would then lead to both slow and 

inaccurate reading. However, findings of previous double-deficit studies are mixed, 

possibly due to the large variation in age and reading levels of the participants, in 

measures and cut-off criteria used for the selection of the deficit subgroups, and in 

levels of consistency of the orthographies studied (Torppa et al., 2013).  

As discussed above, the predictive value of reading-related skills may vary 

depending on the characteristics of the orthography being learned and/or on the 

phase of the development of reading skill. An additional challenge arising with the 

use of these models is that the predictions made by these models are based on 

group data and that much less is known about the extent to which these group 

predictions can be applied to individual cases. Even though a specific combination 

of predictors may account for most of the variance in reading performance at the 

group level, at the individual level this may mask the presence of subgroups, 

including some whose reading skills may be adequately explained by a particular 

single predictor, while with others they are explained by a different single predictor, 

and in some individuals by multiple predictors. 

 

5.1.3  Individual prediction of dyslexia 

Pennington et al. (2012) analysed individual profiles of cognitive predictors of 

reading in two large population-based twin studies including randomly selected pre-

school and school aged children (only one per twin pair), to see whether predictions 

made by cognitive models of dyslexia using group data could be applied to individual 
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cases. The first sample (N=827) consisted of children from the United States aged 

7-19 years; the second sample (N=809) was composed of subsamples from 

Australia, Norway and the United States, including children aged 5-7 years. Tests 

were conducted in English, except for the Norwegian children whose testing was 

conducted in Norwegian.  

The authors assessed the validity of five different predictor models, including two 

single-deficit models (Single Phonological Deficit Model; Single Deficit Subtypes 

Model), two multiple-deficit models (Phonological Core, Multiple Deficit, Multiple 

Predictor Model; Multiple Deficit, Multiple Predictor Model), and one Hybrid Model 

(subgroups of individuals with dyslexia fitting each of the four other models). The 

models differed on two crucial points, namely whether or not a single deficit was 

necessary and sufficient to cause dyslexia, and whether or not a deficit in PA was 

necessary to cause dyslexia. Their first model, the Single Phonological Deficit Model, 

is similar to the broader phonological hypothesis and the model proposed by Ramus 

et al. (2003). Wolf and Bowers’ double-deficit hypothesis (1999) bears some 

resemblance to Pennington et al.’s second (Single Deficit Subtypes Model) and 

fourth model (Multiple Deficit, Multiple Predictor Model). 

To analyse individual cognitive profiles and to test the fit of single- and multiple-

deficit models, the researchers first counted the cognitive deficit(s) in individual 

cases in phonological awareness (PA), language skill (L), and processing speed 

and/or naming speed (PS/NS), before exploring the fit of individual reading scores 

with single- and multiple-predictor regression equations. When an individual satisfied 

both methods of prediction (i.e. only had the deficit(s) predicted by the model and 

fitted the corresponding regression equation best), the case was regarded as a good 

fit for this model.  

PA was the best predictor of reading performance in both samples (accounting 

for 54.6% and 47.6% of the variance of reading skill in the U.S. sample and the 

international sample, respectively) followed by L (40%) and PS/NS (34.8%) in the 

U.S. sample, and by NS (27.4%) and L (10.9%) in the international sample. No 

significant differences were found in terms of significance of relative importance of 

predictors when looking at the effect of English versus Norwegian in the international 

sample. The best fitting multiple predictor models included PA, L, PS/NS, PA x L in 

the U.S. sample (accounting for 67% of variance in reading skill), and PA, NS, PA x 

NS in the international sample (accounting for 51.9% of variance in reading skill).  

Twenty-four to 28% of dyslexic cases fitted the single-predictor models in 

Pennington et al.’s samples, and 11%-22% fitted the multiple-predictor models. 

Contrary to their expectations, the Hybrid Model rather than the Multiple Deficit 

Model was found to be the best-fitting model, accounting for 39-46% of dyslexic 

cases in the two samples. Pennington et al. concluded that the relationship between 
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cognitive predictors and reading skill in both samples was probabilistic, not 

deterministic. 

 

5.1.4  Standard Indonesian orthography 

Standard Indonesian (SI) is part of the Western Malayo-Polynesian subgroup of the 

Austronesian languages and is a standardized dialect of the Malay language 

(Sneddon, 2003). Nationwide, about 23 million Indonesians use SI as their primary 

language while over 140 million others speak SI as a second language (Lewis et al., 

2013). SI possesses a highly transparent orthography with an almost one-to-one 

correspondence between graphemes and phonemes in both the reading and 

spelling direction, including a close correspondence between letter names and letter 

sounds (Winskel & Widjaja, 2007). The alphabet overlaps with the 26 letters of the 

English alphabet, with the letter <x> only being used in loan words. SI has five pure 

vowels (monophthongs): <a>, <i>, <u>, <e>, and <o>. There are six vowel 

phonemes as the letter <e> has two phonemic forms: /ə/ and /e/. There are three 

diphthongs (<au>, <oi> and <ai>), five digraphs (<gh>, <kh>, <ng>, <ny>, <sy>), 

and only few consonant clusters (Chaer, 2009). SI possesses a rich transparent 

system of morphemes and affixations, with about 25 derivational affixes (Prentice, 

1987). Colloquial spoken SI often uses non-affixed forms. The affixes have at least 

one semantic function and differ depending on the word class of the stem (Winksel 

& Widjaja, 2007). The syllable is a salient unit in the SI orthography, in which 

multisyllabic forms make up the majority of words; monosyllabic words are 

uncommon. The syllable structures are simple and have clear boundaries (Prentice, 

1987; Winskel, 2013). Syllabic stress is regular and mostly falls on the penultimate 

or final syllable (Gomez & Reason, 2002). Indonesian children need to be able to 

interpret long words from an early age as instructions in primary-school books 

already contain words with derivational affixes (Winskel & Widjaja, 2007). 

Formal reading instruction primarily focuses on teaching about correspondences 

between whole spoken and written syllables rather than between graphemes and 

phonemes, reflecting the earlier mentioned salience of the syllable in the SI language 

(Winskel, 2013). Reading instruction typically starts with the introduction of the 

alphabet where students are trained to memorize the letter names. Subsequently 

they are taught to combine consonants (C) and vowels (V) to form syllables with a 

simple CV pattern, such as b+a, b+i, b+u, b+e, and b+o, producing the syllables ba, 

bi, bu, be, and bo. Next, the students are instructed to combine these syllables to 

create words, such as i+bu to form the word ibu (mother). Once V and CV syllables 

and mastered, CVC syllable patterns and more complex CV combinations are taught 

(Dewi, 2003; Winskel & Widjaja, 2007). 
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5.1.5  Assessing reading in Standard Indonesian 

Recently, Jap et al. (2017) developed an assessment battery to evaluate reading 

acquisition in Standard Indonesian (SI) and to identify struggling readers. Moreover, 

the authors proposed preliminary criteria for the categorization of beginner-readers 

based on the outcomes from 139 first- and second-grade students for reading and 

decoding fluency (i.e. word and pseudoword reading, respectively), spelling (writing 

to dictation) and orthographic knowledge (orthographic choice task, OCT). Boets, 

Wouters, Van Wieringen, De Smedt, & Ghesquiere (2008) used the OCT as a 

passive spelling test, which is supported by studies showing that spelling relies more 

on orthographic representations in memory than reading (Bekebrede, Van der Leij, 

& Share, 2009).  

The assessment battery of Jap et al. (2017) tested the abovementioned skills, in 

addition to phonological awareness (phoneme deletion), RAN, verbal fluency, verbal 

short-term memory (digit span), basic mathematics, and non-verbal intelligence. 

Measures either consisted of existing tasks whose instructions were translated while 

maintaining the original task content (e.g. WISC-R Digit Span, Wechsler, 1974; 

Rapid Automatized Naming, Van den Bos, 2003) or newly created tasks modelled 

on existing tasks with their content being drawn from commonly used Indonesian 

textbooks for first grade (e.g. EMT [one minute reading test], Brus & Voeten, 1979).  

 

5.2  THE PRESENT STUDY 

In the present study, we largely replicate the part of Pennington et al.’s (2012) study 

to analyse individual profiles of young readers of Standard Indonesian categorized 

as ‘typical readers’ and ‘at risk of dyslexia’, using the categorization criteria and a 

large part of Jap et al.’s assessment battery. The proposed categorization criteria 

are described in more detail in the Method section, as well as the tasks used in the 

present paper’s analyses. 

Our study addresses the following questions: Which profiles of cognitive 

predictors of reading are found among young readers of SI classified as being at risk 

of dyslexia? Which theoretical model provides the best fit for the data obtained? In 

other words, does a single deficit suffice to identify a risk of dyslexia in SI or does it 

take multiple deficits that necessarily include a deficit in PA? To investigate these 

questions, we used only slightly adjusted versions of Pennington et al.’s (2012) 

models and hypotheses:  

Model 1 - Single-Predictor Model, Single Phonological Deficit: A deficit in PA is 

necessary and sufficient to be at risk of dyslexia.  

a. The large majority of at-risk cases will have a single phonological deficit and will 

fit the single PA regression equation best. The remaining at-risk cases will not fit 

any other single or multiple linear regression equation. 
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b. PA as a single predictor in a regression equation will optimally predict individual 

differences in reading skill and other predictors will lack incremental validity 

beyond PA. 

Model 2 - Single-Predictor Model, Single-Deficit Subtypes: Other deficits besides PA, 

such as deficits in VWM or NS, are sufficient to identify a risk of dyslexia. 

a. The large majority of at-risk cases will have a single deficit in PA, NS, or VWM, 

and will fit the corresponding regression equation best. The remaining cases will 

not fit a multiple-deficit model. 

b. At the group level, other predictors besides PA will have substantial incremental 

validity in predicting individual differences in reading skill in multiple linear 

regressions. 

Model 3 - Multiple-Predictor Model, Phonological Core, Multiple Deficit: A single PA 

deficit is necessary but not sufficient to be at risk of dyslexia; there must be at least 

two deficits, one of which is in PA:  

a. The large majority of at-risk cases will have at least two deficits, one being a 

deficit in PA, and will fit the multiple regression equation best. The remaining 

cases will not fit a single-deficit model. 

b. At the group level, PA will be the strongest predictor of individual differences in 

reading skill but other predictors will have some incremental validity. 

Model 4 - Multiple-Predictor Model, Multiple Deficit: A single deficit is not sufficient 

to be at risk of dyslexia; any combination of two deficits is sufficient: 

a. The large majority of at-risk cases will have at least two deficits that do not 

necessarily include a PA deficit, and will fit the multiple predictor regression 

equation best. The remaining cases will not fit a single-deficit model. 

b. At the group level, all predictors will have substantial incremental validity in 

predicting individual differences in reading skill in multiple linear regressions 

(same as 2b). 

Model 5 - Hybrid Model: There are multiple pathways to being at risk of dyslexia, 

some involving single deficits and some multiple deficits.  

a. Substantial numbers of at-risk cases will fit single-deficit models and substantial 

numbers multiple-deficit models.  

b. At the group level, all predictors will have substantial incremental validity in 

predicting individual differences in reading skill in multiple linear regressions 

(same as 2b and 4b). 

Similar to Pennington et al. (2012), the models are partly nested: Model 1 is 

incorporated in Model 2, Model 3 in Model 4, and the Models 2 and 4 in Model 5, 

except that they are each restricted to a subset of at-risk readers. 

Following Pennington et al. (2012), we applied the ‘counting deficits’ method and 

regression fit to further analyse the cognitive profiles obtained in our sample and test 

the fit of the various predictive models to the data. Deficits were counted in 
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phonological awareness (PA), verbal working memory (VWM), and naming speed 

(NS). We opted for abovementioned skills as previous research classified PA, VWM, 

and NS as skills fundamental to reading acquisition (De Jong & Van der Leij, 1999; 

Wagner & Torgesen, 1987) and core predictors of reading skills (Tilanus et al., 2013). 

We used the cut-off of the 10th percentile suggested by Pennington et al. to 

determine the presence of a deficit in PA (using the phoneme-deletion task), VWM 

(WISC digit-span forward), and NS (RAN digits and letters). Different from 

Pennington et al. is that the cut-off in our paper was based on the subsample’s mean 

(four subsamples in total, also see Table 5.1) instead of a control mean.  

All scores were standardized within the subsample (e.g. grade 2 Medan) to 

enable comparison between samples. Moreover, additional factor scores were 

created based on RAN digits and letters, which were used as a combined NS score 

in the analyses. Similar to Pennington et al., three single-predictor equations 

predicting reading performance were used, and the best multiple-predictor equation 

with the optimal combination of predictors. The case was regarded a good fit when 

an individual only had the deficit(s) predicted by the model and fitted the 

corresponding regression equation best (i.e. yielded the lowest standardized 

residual).  

 

5.2.1  Method 

5.2.1.1 Samples  

The children participating in this study were recruited from two schools: the first 

sample consisted of first- and second-graders from an Indonesian private primary 

school in West-Jakarta and the second sample of second- and third-graders from a 

similar school in Medan.  

 

Table 5.1 Demographics of the two samples 

 
 

Grade 1 
 

Grade 2 
 

Grade 2 
 

Grade 3 
 Jakarta Medan Jakarta Medan 

N  n=75 n=74 n=64 n=72 
Boys; girls 44; 31 30; 44 37; 27 34; 38 
Mean age [range] 6;4 [6;0-7;11] 7;1 [6;0-7;11] 7;6 [7;0-9;8] 8;1 [7;6-9;0] 
SD age 0.45 0.45 0.52 0.49 
Reading instruction  6 months 12.5 months 16 months 22.5 months 

 

The Jakarta sample was tested one month after the beginning of the second 

semester, at which point the first-graders had received approximately six months 

and the second-graders approximately 16 months of formal reading instruction 

(Table 5.1), and the Medan sample mid-first semester, i.e. after about 12.5 and 22.5 

months, respectively. As all children were tested within one week, the duration of 

reading instruction was the same for all children within their grades. The students all 
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had a middle socioeconomic background and were fluent in SI, including a small 

number of bilingual students who spoke regional languages at home (e.g. Batak, 

Javanese, and Sundanese). At both schools, education was provided in SI.  

 

5.2.1.2 Measures and Procedure 

The tasks presented are part of a larger test battery developed in Jap et al. (2017). 

The tasks used in the present study are fully described below.  
 

Word reading. The student was shown 100 lowercase bi- and multisyllabic words 

(with a maximum of four syllables) printed on an A4-size laminated sheet of paper 

and asked to read these words from top to bottom as fast and as accurately as 

possible. Reading fluency was defined as the number of words correctly read within 

one minute.  
 

Pseudoword reading. The student was shown 100 lowercase bi- and multisyllabic 

pseudowords printed on an A4-size laminated sheet of paper and asked to read 

these words from top to bottom as fast and as accurately as possible. The 

pseudowords were created by changing one or more letters of every word used in 

the word-reading task while keeping the number of letters and syllables constant. 

Decoding fluency was defined as the number of pseudowords correctly read within 

one (Jakarta) or two minutes (Medan).  
 

Writing to dictation (active spelling test). Twenty words varying in phonological 

structure and length were presented orally in isolation and in sentence context. The 

students were instructed to write down the word using the correct spelling. For the 

Jakarta sample, all words were taken from a grade-1 Standard Indonesian textbook. 

For the Medan sample, task complexity was increased by replacing several words 

from the original task with bi- and multisyllabic words (with a maximum of five 

syllables) taken from grade-2 and -3 textbooks. There was no time limit. The spelling 

score was calculated as the number of correct items.  
 

Orthographic Choice Test (OCT; passive spelling test). The OCT consisted of 20 bi- 

and trisyllabic items, each containing one word and two pseudowords, all three as 

close to pseudohomophones as possible in the highly transparent SI language. The 

students were asked to underline the existing word in each row of three, with one 

practice trial. There was no time limit. The test score was calculated as the number 

of correct items.  
 

Phoneme deletion. The student was asked to repeat a pseudoword articulated by 

the researcher, after which (s)he was instructed to leave out a particular phoneme 

from the repeated pseudoword. The location of the phoneme deletion varied 

between word-initial, word-final and middle position. The task consisted of 20 words 

and three practice trials, with a cut-off rule of five consecutive incorrect answers. The 

phoneme deletion score was calculated as the number of correct answers.  



PREDICTOR MODELS OF DYSLEXIA IN STANDARD INDONESIAN 

125 

Rapid Automatized Naming (RAN). The student was shown five columns of ten digits 

or letters printed on an A4-size laminated sheet of paper and asked to name these 

from top to bottom as fast and as accurately as possible. Prior to the test, the student 

practiced using the last column while the rest of the items were covered with a white 

sheet of paper. The RAN scores were calculated as the number of items per second 

named by the student. 
 

Digit Span Forward. The student needed to repeat spans of numbers of increasing 

lengths. The task consisted of eight levels of span length with two trials per level and 

was preceded by two example trials. The cut-off rule was an incorrect answer in two 

trials with the same span length.  
 

Raven’s Coloured Progressive Matrices (CPM). The standard score on this test was 

used to compare the student’s score to the average score in its grade in order to 

exclude below-average intellectual ability as a causal factor of possible reading and 

spelling problems.  
 

As reading research has shown that slowed reading speed rather than low 

accuracy is the most marked problem in dyslexic readers in other transparent 

orthographies, we accordingly took reading and decoding fluency as the main 

components of our test battery. Word-reading and decoding fluency were found to 

be significantly correlated to each other in our sample (r= .751 at α= .01 in Table 

5.2), with the strong reading-decoding correlations indicating that the knowledge and 

cognitive processes underlying these word-level skills are similar (Ehri, 2002) and 

that the tests appear to be measuring the same construct (Lee, 2008). Moreover, all 

other reading related skills tested correlated significantly with reading and decoding 

fluency.
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Table 5.2 Correlation of variables for the combined sample (n=285) 

 
Reading 
fluency 

Decoding 
fluency 

Writing to 
dictation OCT 

Digit span 
F 

Phoneme 
deletion RAN digits 

RAN 
letters 

Reading fluency 1 .751** .280** .470** .186** .330** .541** .559** 

Decoding fluency .751** 1 .281** .418** .230** .385** .371** .470** 

Writing to dictation .280** .281** 1 .320** -.210** .416** .203** .171** 

OCT .470** .418** .320** 1 .133* .361** .256** .368** 

Digit span forward .186** .230** -.210** .133* 1 .089 .113 .287** 

Phoneme deletion .330** .385** .416** .361** .089 1 .213** .294** 

RAN digits - wps .541** .371** .203** .256** .113 .213** 1 .664** 

RAN letters - wps .559** .470** .171** .368** .287** .294** .664** 1 

Note. ** Correlation is significant at the 0.01 level (2-tailed). 

OCT = orthographic choice test; Digit span F = digit span forward; RAN - wps = rapid automatized naming score in words per second. 
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To further investigate the reliability of the measures used, we first conducted a 

Principal Component Analysis (PCA) on each subsample separately. As this resulted 

in similar factor structures, we decided to present the PCA results for the combined 

sample (Table 5.3) with sample category (i.e. Jakarta or Medan) as an additional 

variable to account for differences between samples. The analysis including nine 

variables resulted in a three-factor solution, with the first component being composed 

of both RAN tasks, in addition to a significant part of the reading and decoding 

fluency loadings. Given their loadings, this factor could be earmarked as a 

component reflecting the automaticity and some degree of verbal skills required to 

complete these tasks. The second component was most importantly composed of 

phoneme deletion and both spelling tasks, and additionally by part of the reading 

and decoding fluency loadings. Successful performance on all of these tasks 

required phonological skills.  

Sixty-one out of 72% of the variance was explained by the first two components. 

The variable sample category loaded on a third component, together with digit span 

forward and part of the writing to dictation loading. The stable pattern of components 

in all subsamples and in the combined sample, supports the construct validity of the 

measures used and therewith the reliability of the test battery. Moreover, the 

structure found is in line with the factor structure presented by Jap et al. (2017) for 

second grade including a larger set of variables. 

 

Table 5.3 Rotated component loadings for nine variables in the combined sample 

 Component 

1 2 3 

Reading fluency .730 .463  
Decoding fluency .566 .566  
Writing to dictation  .613 .531 

OCT  .665  
Digit span forward   -.877 
Phoneme deletion  .810  

RAN digits - wps .886   
RAN letters - wps .833   
Sample category   .941 

Note. Factor loadings < .30 are suppressed.  

RAN - wps = rapid automatized naming score in words per second. 

 

As shown in Table 5.5 of the Results section, scores on the orthographic choice 

test (OCT) and writing to dictation tasks were close to ceiling, especially among 

typical readers. This was not the case for the other measures included. Using a non-

parametric test, the mean differences between typical and at-risk readers on these 

spelling and orthographic knowledge tasks were still significant. Hence these tasks 

still had added value in distinguishing between typical and at-risk readers, although 

they played a much smaller role in the categorization of at-risk individuals than 

reading and decoding fluency as shown in Table 5.4.  
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5.2.1.3 Criteria for the categorization 

Using similar dyslexia criteria to those proposed for young Dutch language learners 

(Van der Leij et al., 2013), we categorized individual students as being at risk of 

dyslexia using the following criteria describing two at-risk categories for dyslexia in 

SI (also see Jap et al., 2017). The cut-off values for these percentile criteria were 

calculated by using the means and SDs (with Z-critical values) for each subsample 

(e.g. P10 = mean - 1.28*SD). The first category includes poor readers and/or 

decoders with scores: 
 

a) ≤ 10th percentile on reading fluency and ≤ 40th percentile on decoding 

fluency.  

or 

b) ≤ 10th percentile on decoding fluency and ≤ 40th percentile on reading 

fluency. 
 

The second category includes poor spellers combined with relatively poor reading 

and/or decoding skills. This category includes readers with scores:  
 

                ≤ 20th percentile on reading fluency and/or decoding fluency.  

and 

a) ≤ 10th percentile on active spelling (writing to dictation) and ≤ 40th percentile 

on passive spelling (orthographic choice test).  

or 

b) ≤ 40th percentile on active spelling (writing to dictation) and ≤ 10th percentile 

on passive spelling (orthographic choice test). 

 

Table 5.4 lists the students that were identified as being at risk of dyslexia using 

these cut-off criteria.  

 

Table 5.4 Numbers of students classified as at risk of dyslexia per sample and grade 

  Grade 1 Grade 2 Grade 2 Grade 3 

  (N=75) (N=64) (N=74) (N=72) 

  Jakarta Medan 

Reading ≤ 10th & Decoding ≤ 40th * 1a 8 3 3 2 

Decoding ≤ 10th & Reading ≤ 40th * 1b 2 2 6 6 
Reading & Decoding ≤ 10th 1a&1b 3 4 2 2 

Category 1 total  13 9 11 10 

Spelling ≤ 10th & Writing ≤ 40th ** 2a 1 1 2 0 
Writing ≤ 10th & Spelling ≤ 40th ** 2b 0 2 1 4 

Spelling and writing ≤ 10th 2a&2b 1 1 2 1 

Category 2 total  2 4 5 5 

Overlap Category 1 & 2  2 4 3 4 

Total at risk of dyslexia  13 9 13 11 

Note. * Excluding Reading & Decoding ≤ 10th; ** Excluding Spelling & Writing ≤ 10th.  
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As shown in Table 5.4, three children met the at-risk criteria solely based on 

spelling and orthographic knowledge. It is worth noting, however, that these three 

students in at-risk Category 2 not only did very poorly on the spelling and 

orthographic knowledge tasks (<10th percentile on the one, and <40th percentile on 

the other), but also had scores between the 12th and 18th percentile on reading 

fluency. Their scores were not low enough to be included in at-risk Category 1, but 

were, in combination with their low spelling and/or orthographic knowledge scores, 

poorly enough to be viewed as at risk for dyslexia. 

We will next present the variable descriptives and group comparison results, 

followed by the prediction of individual cases using the counting-deficits method and 

the prediction of individual cases based on the linear regression fit, and finally the 

overall model fit. 

 

5.2.2  Results 

Table 5.5 lists the performance scores and results of the comparisons between the 

‘typical’ and ‘at-risk’ groups for the first- and second-graders of the Jakarta and the 

second- and third-graders of the Medan sample. Outliers were moved to the end of 

the distribution, which was set at of 2.3*SD from the within-subsample task mean. 

Additionally, two participants were excluded because more than two of their task 

scores were regarded outliers (i.e. more than 2.3*SD below within-subsample task 

mean).  

It is important to note that while the at-risk group scored lower on numerous 

variables, the group had average or above-average non-verbal intelligence (as 

tested with the CPM), and that group scores were not significantly different across 

grades. All four subsamples showed significant group variations in reading and 

decoding fluency, writing to dictation and orthographic knowledge (OCT). This is 

unremarkable because these four variables are part of the criteria used for the 

categorization of readers. Additionally, after six months of reading instruction (grade 

1 Jakarta), the at-risk group scored significantly lower on phoneme deletion and both 

RAN tasks. At 12.5 months (grade 2 Medan), the at-risk group scored significantly 

lower on both RAN tasks. After 16 months (grade 2 Jakarta), the at-risk group had 

significantly lower scores on RAN letters only. Finally, after 22.5 months of reading 

education (grade 3 Medan), group differences were found on all tasks except for the 

CPM non-verbal intelligence test. As shortly noted earlier, especially among typical 

readers the mean task scores across grades on the orthographic choice test (OCT) 

and writing to dictation came close to these tasks’ absolute maximum score (i.e. 

underlined maximum scores in Table 5.5) even though task complexity had been 

increased for the Medan sample. Nonetheless, the mean differences between typical 

and at-risk readers were still significant as shown by the Mann-Whitney U-test 

results. 
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 Table 5.5 Descriptive statistics and t test / Mann-Whitney U-test results for the typical and at-risk readers per sample and grade 

  Grade 1 Jakarta: 6 months of formal reading instruction (n=75) 

 Typical (n=62)  At-risk (n=13)   Mean diff. (t test / M-W)  

  Mean Min Max SD   Mean Min Max SD   t / Z** df p 

Reading fluency 67.18 48 96 12.13  42.69 39 50 3.52  -13.42 65.84 <.001* 

Decoding fluency 47.66 28 78 12.70  28.85 20 35 4.38  -9.32 56.92 <.001* 

Writing to dictation 19.03 14 20 1.46  18.31 14 20 1.65  -2.04** - .420* 

OCT 18.32 12 20 1.74  16.69 14 19 1.49  -3.44** - .001* 

Digit span forward 4.52 3 6 0.67  4.23 4 5 0.44  -1.92 25.48 .066 

Phoneme deletion 14.29 1 20 5.02  10.46 1 18 6.19  -2.40 73 .019* 

RAN digit - wps 1.45 0.63 2.09 0.35  1.26 0.94 1.67 0.24  -2.37 24.20 .026* 

RAN letter - wps 1.52 0.94 2.08 0.26  1.27 0.86 1.47 0.18  -3.34 73 .001* 

CPM score 26.05 11 35 5.09  25.23 14 32 5.49  -0.52 73 .605 

  Grade 2 Medan: 12.5 months of formal reading instruction (n=74) 

 Typical (n=61)  At-risk (n=13)   Mean diff. (t test / M-W)  

  Mean Min Max SD   Mean Min Max SD   t / Z** df P 

Reading fluency 68.90 38 93 11.07  48.08 35 58 7.44  -6.46 72 <.001* 

Decoding fluency 78.28 58 99 10.58  53.00 38 72 11.98  -7.65 72 <.001* 

Writing to dictation 15.79 5 20 3.55  12.23 5 17 3.88  -3.08** - .002* 

OCT 18.54 14 20 1.65  17.00 14 20 1.63  -3.03** - .002* 

Digit span forward 6.79 4 9 1.14  6.69 4 9 1.44  -0.26 72 .796 

Phoneme deletion 12.78 0 20 5.93  9.08 1 20 6.87  -1.99 72 .051 

RAN digit - wps 1.49 0.71 2.50 0.31  1.22 0.70 1.56 0.22  -2.98 72 .004* 

RAN letter - wps 1.62 0.89 2.27 0.30  1.31 0.80 1.72 0.28  -3.43 72 .001* 

CPM score 25.85 14 35 4.89  24.92 15 33 5.36  -0.60 68 .550 
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Table 5.5 Continued. 

  Grade 2 Jakarta: 16 months of formal reading instruction (n=64) 

 Typical (n=55)  At-risk (n=9)   Mean diff. (t test / M-W)  

  Mean Min Max SD   Mean Min Max SD   t / Z** df p  

Reading fluency 79.73 56 99 10.00  60.00 54 73 5.74  -5.74 62 <.001* 

Decoding fluency 56.26 40 81 9.78  39.11 31 51 7.34  -5.02 62 <.001* 

Writing to dictation 19.55 18 20 0.66  19.00 18 20 0.87  -1,99** - .047* 

OCT 19.40 17 20 0.83  18.44 17 19 0.88  -3,17** - .002* 

Digit span forward 5.09 4 7 0.89  4.78 4 7 1.09  -0.95 62 .346 

Phoneme deletion 16.46 10 20 2.30  15.00 9 20 3.43  -1.64 62 .107 

RAN digit - wps 1.79 1.11 2.52 0.30  1.61 1.32 1.92 0.23  -1.64 62 .105 

RAN letter - wps 1.74 1.03 2.38 0.29  1.52 1.28 1.92 0.20  -2.19 62 .033* 

CPM score 27.67 11 35 5.20  27.11 18 33 5.01  -0.30 62 .764 

  Grade 3 Medan: 22.5 months of formal reading instruction (n=72) 

 Typical (n=61)  At-risk (n=11)   Mean diff. (t-test / M-W)  

  Mean Min Max SD   Mean Min Max SD   t / Z** df p  

Reading fluency 73.84 49 100 13.76  52.91 36 65 8.93  -4.84 70 <.001* 

Decoding fluency 83.31 55 100 10.63  63.27 49 84 8.78  -5.89 70 <.001* 

Writing to dictation 18.03 12 20 1.89  14.33 11 20 3.28  -3.09** - .002* 

OCT 19.05 13 20 1.52  17.78 13 20 2.22  -2.00** - .045* 

Digit span forward 7.56 5 10 1.30  6.46 5 8 0.93  -2.69 70 .009* 

Phoneme deletion 15.72 6 20 3.59  12.73 6 19 4.61  -2.44 70 .017* 

RAN digit - wps 1.63 1.02 2.31 0.31  1.41 1.22 1.67 0.15  -3.57 29.69 .001* 

RAN letter - wps 1.81 1.28 2.38 0.29  1.54 1.28 1.79 0.16  -4.47 23.81 <.001* 

CPM score 28.86 15 36 4.85  29.22 24 35 4.12  0.21 65 .833 

  Note. Mean difference is significant at the 0.05 level; CPM = Raven’s Coloured Progressive Matrices; OCT = orthographic choice test; RAN wps =  

  rapid automatized naming score in words per second. Underlined are those maximum scores that equal the task’s absolute maximum.  
* Due to ceiling effects, a non-parametric test (i.e. Mann-Whitney U-test) was used to assess group differences in OCT and writing to dictation scores. 
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5.2.2.1 Predicting individual cases: counting deficits 

We next combined the Jakarta and Medan samples including both typical and at-risk 

readers from all grades. We first applied the counting-deficit method on each 

subsample separately, but as this resulted in similar patterns of deficits, we decided 

to present a cross-tabulation of the results of the combined sample (Table 5.6). Note 

that the Single Phonological Deficit Model (Model 1) is a subset of the Single-Deficit 

Subtypes Model (Model 2). The Phonological Core, Multiple-Deficit Model (Model 3) 

is a subset of the Multiple-Deficit Model (Model 4). The chi-squares show that the 

categorical variables Model (Model X versus Total) and Dyslexia (At-risk versus 

Typical reader) are associated for Model 1 and Model 2 in the combined sample, 

e.g. the proportion of at-risk children with a single deficit according to these models 

(21 out of 46) is higher than the base rate (46 at-risk and 239 typical readers). Using 

Fisher’s exact test, this difference was significant for Models 1 (p = .007) and 2 (p < 

.001).  

 

Table 5.6 Cross-tabulation counting-deficits method for the combined sample 

                      Total per model 

 Deficit(s) At risk Typical  At risk Typical χ2 df Sig. 

Model None 21 194 Model      

1 2 Single PA 11 20 1 11 20 9.616 1 .007* 

- 2 Single NS 8 12 2 
 

21 37 21.663 1 <.001* 

- 2 Single VWM 2 5      

3 4 PA+NS 2 5 3 
4 

3 
4 

7 
8 

1.471 1 .208 

3 4 PA+VWM 1 2 2.736 1 .110 

3 4 PA+NS+VWM 0 0       

- 4 NS+VWM 1 1       

 Total 46 239  25** 45**  

Note. PA = phonological awareness; NS = naming speed; VWM = verbal working memory.  

Model numbers in first two columns indicate which rows belong to which model. 
* χ2 significant at the 0.05 level; ** Sum of children included in models 2 and 4. 

 

With both samples combined, 46 at-risk cases were identified, of which 54% 

(25/46) had one or more deficits, compared to 19% (45/239) of the typical readers. 

Of the at-risk cases with deficits, 65% (14/25) had single or multiple deficits including 

PA, 44% (11/25) including NS, and 16% (4/25) including VWM; 16% (4/25) had 

multiple deficits and 84% (21/25) a single deficit.  

 

5.2.2.2 Predicting individual cases: linear regression fit 

A factor score was created for reading and decoding fluency and used as the 

dependent variable in the linear regression. We next used the combined sample 

including both typical and at-risk readers from all grades, for which three single-
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predictor regression equations were fit with either PA, NS, or VWM as predictor. The 

strongest single predictor was NS (accounting for 23.3% of the variance in reading 

and decoding skill), followed by PA (10.8%) and VWM (6.2%). Then we determined 

the best multiple-predictor equation for the combined sample (Table 5.7). The full 

model fit, as indicated by R² was .306. The single predictors NS, PA and VWM 

together resulted in an R² of .305. The ΔR²-s for the interaction variables were non-

significant, while the added value of VWM in the multiple-predictor equation was 

significant but small. We therefore decided to continue with the three single-predictor 

regression equations and a multiple-regression model including PA and NS (PA + 

NS). The interaction PA x NS x VWM was not included because there was no 

individual with all three deficits (see Table 5.6).  

 

Table 5.7 Linear regression equations for the combined sample  

(with factor score reading/decoding fluency as the dependent variable) 

     

  ß  SE ΔR² 

    p-value 

NS .410 .052 .233 <.001* 

PA .235 .053 .058 <.001* 

VWM .114 .054 .013 .031* 

PA x NS .034 .060 .001 .531 

PA x VWM -.031 .050 .001 .557 

NS x VWM .007 .050 .000 .899 

Note. PA = phonological awareness; NS = naming speed; VWM = verbal  

working memory.  
* Significant at the 0.05 level. 

 

5.2.2.3 Overall model fit  

As mentioned above, 54% of the at-risk cases identified had one or more deficits 

(25/46). The cross-tabulation of the overall model fit (Table 5.8) shows that for these 

25 at-risk cases, the individual prediction by a given model with the deficit threshold 

set at the 10th percentile corresponded in 60% (15/25) to the best-fitting regression 

equation, as calculated by adding together the bold-faced entries in Table 5.8. 

Hence, 33% (15/46) of the total number of at-risk cases may be regarded ‘a good fit’ 

to one of Pennington et al.’s predictor models. Taking a closer look at the cases 

where threshold and regression models did not fit, we found that the majority either 

had no deficit or fitted the multiple-predictor regression model best but had a single 

PA deficit only. A smaller number of at-risk cases fitted the single-predictor NS or 

VWM regression model but had multiple deficits, or they fitted the multiple-predictor 

regression model best while having a single NS deficit.  

As expected, the large majority of typical readers had no deficits (194/239, or 

81%) based on the 10th percentile cut-off. Of the 45 cases that did have one or more 
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deficits (45/239, or 19%), 12 (27% of 45) coincided with the regression model and 

cross-tabulation. Similar to the at-risk readers, there was considerable heterogeneity 

in terms of regression model fits. 

 

Table 5.8 Cross-tabulation of the overall model fit based on number of deficits and 

regression fits of individual cases 

 Best-fitting regression model 

 Readers at risk of dyslexia Typical readers 

Deficit PA NS VWM PA+NS Total PA NS VWM PA+NS Total 

None 5 8 4 4 21 49 42 50 53 194 

Single PA 5 0 0 6 11 3 8 6 3 20 

Single NS 0 7 0 1 8 2 4 5 1 12 

Single VWM 0 0 2 0 2 1 0 4 0 5 

PA+NS 0 1 0 1 2 2 1 1 1 5 

PA+VWM 0 0 1 0 1 0 0 1 1 2 

NS+VWM 0 1 0 0 1 0 0 1 0 1 

Total 10 17 7 12 46 57 55 68 59 239 

Note. PA = phonological awareness; NS = naming speed; VWM = verbal working memory. 

 

 Considering the five models one by one, we could quickly reject Model 1 (Single 

Phonological Deficit), as, contrary to the large majority it predicts, only 11% (5/46) of 

the at-risk cases had a PA deficit and fit this model best (Table 5.8). Besides, some 

of the remaining cases did fit the multiple-regression equation. Moreover, rather than 

PA, NS predicted reading and decoding fluency best. As only 30% (14/46) of all at-

risk cases had a (single or multiple) deficit involving PA, a deficit in PA appeared not 

to be necessary to be at risk of dyslexia in SI, nor was a single deficit in PA sufficient 

given that 8% (20/239) of all typical readers also had a single deficit in PA.  

Model 2 (Single-Deficit Subtypes) provided a good fit in 30% (14/46) of the at-risk 

cases, including five with the abovementioned single PA deficit. Some of the 

remaining at-risk cases did fit the-multiple regression equation. Although NS and 

VWM had incremental validity in predicting individual differences in reading skills 

beyond PA, we can still reject Model 2; a deficit in VWM or NS was not sufficient to 

be at risk of dyslexia either as 7% (17/239) of the typical readers also had a single 

deficit in NS or VWM.  

Models 3 and 4 (Phonological Core, Multiple Deficit and Multiple Deficit, Multiple-

Predictor Model, respectively) can also be rejected because they only provided a 

good fit to one of the at-risk cases (1/46; 2%). As the at-risk subgroup with a single 

deficit outnumbered the subgroup with multiple deficits, we concluded that a second 

or third deficit was not necessary to be at risk of dyslexia in SI.  

Encompassing all four models and combining all at-risk cases shown to be a good 

fit to any of these, the Hybrid Model provided a good fit to 33% (15/46) of the at-risk 
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cases. Nonetheless, even this fifth model did not come close to accounting for the 

majority of at-risk readers. Substantial numbers of these cases fitted the single-

deficit models, but, contrary to what the Hybrid Model predicted, only few fitted the 

multiple-deficit models. 

 

5.3  DISCUSSION 

Although children with dyslexia exhibit common phonological deficits in different 

languages and predictors of reading skills are relatively universal (Ziegler & 

Goswami, 2005), their precise weights vary depending on the transparency of the 

orthography. Due to the complex interplay of multifactorial causes and risk-factors 

(Peterson & Pennington, 2015), no consensus has yet been reached about the 

cross-linguistic validity of single and multiple-deficit models of dyslexia.  

We adopted Pennington et al.’s approach (2012) to study the individual predictor 

profiles in our 285 young learners of Standard Indonesian (SI) and assess the 

feasibility of their multiple-case approach to dyslexia in this highly transparent 

orthography. Using a newly developed reading-assessment battery and preliminary 

criteria for the identification of readers at risk of dyslexia in SI, we evaluated the 

children’s reading and related abilities and marked them as typical readers or 

readers at risk of developing dyslexia.  

We reached a similar conclusion as Pennington et al. in their paper, namely that 

the relationship between predictors and reading skill in SI is probabilistic, not 

deterministic. Accounting for 33% of the at-risk cases that satisfied both methods of 

individual prediction (i.e. classification of deficits and regression analysis), the Hybrid 

Model also proved the most valid for our data. Still, a few critical notes are required 

here. When comparing our results with the results obtained by Pennington et al. 

(2012), the Hybrid Model accounted for 39-46% of dyslexic cases in Pennington et 

al.’s samples and thus was their best-fitting model, but the number of cases that 

fitted the single-predictor models (24-28%) and the multiple-predictor models (11-

22%) were both substantial. Our data, however, showed that 30% of the at-risk cases 

fitted the single-predictor models but only 2% the multiple-predictor model. 

Accordingly, none of Pennington et al.’s models was sufficiently supported by our 

results to confirm their validity in our SI sample.  

Fifty-four percent of the children we classified as at risk of dyslexia had one or 

more deficits, with 84% having a single deficit in PA, NS, or VWM, and 16% multiple 

deficits, which prompts the conclusion that there are multiple pathways to being at 

risk of dyslexia in SI; the remaining 46% were at-risk without any deficits in PA, NS, 

or VWM. The percentage of dyslexic children with one or more deficits in Pennington 

et al.’s samples was 68-78%. Loosening our rather strict cut-off at percentile 10 

would have resulted in deficit numbers closer to the ones obtained in Pennington et 

al.’s samples and would probably have led to a higher fit between the deficits and 



CHAPTER 5 

136 

the regression models, but would not have allowed for comparison to the original 

study. A possible explanation for the lower numbers obtained could be that our test 

results might have had a higher “noise” level when compared to the testing 

conducted by Pennington et al., who used highly optimized tasks that provide 

enough variance and which have already been used in previous studies. The reading 

assessment battery and categorization criteria we used are recent and will require 

further optimization and validation.  

Although only three out of 46 children met the at-risk criteria solely based on 

spelling and orthographic knowledge, we believe that there are enough grounds to 

maintain our current criteria. Several studies, including some conducted in 

transparent orthographies, have demonstrated that children with reading difficulties 

are often poor in both reading and spelling (De Jong & Van der Leij, 2003; Eklund et 

al., 2015; Pennington & Lefly, 2001; Puolakanaho et al., 2008; Van Bergen, De Jong, 

Plakas, Maassen, & Van der Leij, 2012). In line with that we found the three students 

to be poor spellers, as well as relatively poor readers (scores below the 18th 

percentile on reading fluency). Moreover, about a third to a quarter of the children 

with severe reading problems in our sample also had severe difficulties in spelling 

and/or orthographic knowledge (see Table 5.4). Spelling, in addition to reading, 

therefore plays an important role in determining a targeted treatment plan after the 

dyslexia diagnosis has been confirmed.  

It is worth mentioning, however, that the results we obtained may have been 

influenced by the level of the task content. Even though task complexity had already 

been increased for the Medan sample, the mean task scores across grades on the 

orthographic choice test (OCT) and writing to dictation came close to these tasks’ 

absolute maximum score (see Table 5.5), especially among typical readers. We 

consequently propose to further increase the complexity of these spelling tests for 

future use to augment the discriminatory potential of these spelling measures.  

Another limitation of our study worth noting is the smaller sample size compared 

to Pennington et al. Moreover, our samples consisted of students from mid-class 

SES families, speaking SI as their first language, and all attending an elementary 

school in two of Indonesia’s largest cities. Eleven percent of the variance (see Table 

5.3 for PCA components) was explained by the sample category (i.e. Jakarta or 

Medan) component. As such, the test scores we acquired may not be representative 

of young learners of SI in other regions and will be less generalizable than 

Pennington et al.’s data derived from a cross-sectional and a longitudinal study. To 

collect more generalizable data, assessments need to be conducted in other parts 

of the country including a larger variety of ethnic groups and different socio-economic 

backgrounds. Nonetheless, the results we obtained do highlight the wide variation in 

individual cognitive profiles in both typical and at-risk readers of this highly 

transparent orthography. Most importantly, the present set of data will contribute to 
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improve the discriminatory power of the assessment of reading acquisition and the 

early detection of reading difficulties in beginner learners of SI.  

The difference between studies on the relative weight of the predictors of reading 

may relate to the transparency of the orthography but also to the developmental 

phases of reading. Consistent with a multiple deficit hypothesis, the causes of 

dyslexia in SI seem complex and multifactorial. Naming speed (NS) was the main 

predictor of reading and decoding fluency in SI, followed by phonological awareness 

(PA) and verbal working memory (VWM). The importance of NS as a predictor of 

reading fluency has earlier been shown for other transparent orthographies such as 

Dutch (De Jong & Van der Leij, 1999), Greek (Georgiou et al., 2008), and Finnish 

(Lepola et al., 2005). In Pennington et al.’s samples, PA was the strongest single 

predictor of reading skill, followed by either language skills or processing speed/NS. 

Pennington et al. found no significant differences in terms of significance of relative 

importance of predictors when looking at the effect of the opaque English 

orthography versus the more transparent Norwegian writing script in the international 

sample, although it is worth noting that Pennington et al. only looked at data from 

kindergarten and first grade and not from older ages. Furnes and Samuelsson (2010) 

also drew a sample from the same international twin study used by Pennington et 

al., this time following individuals from Scandinavia (Norway, Sweden), Australia and 

the United States from kindergarten through second grade. The authors concluded 

that whereas PA as a predictor of reading skill in the Scandinavian sample was 

limited to the end of first grade, it remained a significant predictor in the two English-

speaking samples. NS was similarly predictive of reading at first and second grade 

across orthographies. When analysing our data further per subsample with stepwise 

multiple linear regression including PA, NS and VWM, we found a similar pattern for 

grades 1 and 2 in Jakarta. While PA and NS were both significant predictors of 

reading and decoding fluency in first grade Jakarta (PA: t = 2.09, p = .040; NS: t = 

3.24, p = .002; partial correlation PA = .240, NS = .326), only NS remained a 

significant predictor in second grade (PA: t = .99, p = .323; NS: t = 6.17, p < .001; 

partial correlation PA = .127, NS = .617). However, the sizes of these subsamples 

are small and both PA and NS remained significant predictors of reading and 

decoding fluency in grades 2 and 3 in Medan.  

Based on our classification criteria, 16% of our sample was found to be at risk of 

dyslexia. Depending on the definition, orthography, and criteria used, the prevalence 

of dyslexia in western populations varies between 5 and 10%, and up to 17.5% for 

English speakers (Gilger et al., 1991; Habib, 2000; Shaywitz, 1998). The children 

that were categorized as at-risk in our sample may indeed have been behind in 

reading, decoding, and/or active and passive spelling, but it is important to bear in 

mind that they may not necessarily be dyslexic or develop dyslexia in the future. To 

the best of our knowledge, there currently is no other standardized, validated and 
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published test battery available yet for the assessment of early reading and spelling 

skills in Standard Indonesian than the one recently developed by Jap et al. (2017). 

We acknowledge the relatively limited reliability statistics that are currently available 

for the measures used in this paper. However, strong correlations between reading 

fluency, decoding fluency, and the reading related skills, in addition to a reoccurring 

factor structure in the four subsamples (also see Jap et al., 2017 for additional factor 

analyses conducted on the Jakarta sample) provide support for the reliability of our 

test battery. Future research dedicated towards further investigation of the reliability 

of these measures will have to point out how the assessment battery and the at-risk 

criteria may be further improved, and the reading-related cognitive tasks (e.g. 

phoneme deletion, RAN, digit span) can provide valuable information to support this 

diagnostic process. Clearly, more research is needed using larger samples to further 

increase our understanding of dyslexia in the highly transparent SI language. We 

hope that the present study will turn out to be another step forward in the field of 

reading research in Indonesia. 
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ABSTRACT 

Early intervention programs are generally considered the most efficient and 

beneficial approach to providing support to struggling beginning readers. This paper 

discusses the theoretical background, development, and design of, as well as the 

first results obtained with, GraphoGame for Standard Indonesian, a technology-

enhanced learning environment that trains the basic skills of reading by high but 

playful exposure to grapheme-phoneme coupling. The results of the pilot study 

assessing the usability of the program in 69 first-graders show that the more the 

students with low pre-test phonological skills were exposed to the game, the better 

their post-test performance on reading and decoding fluency became. Although 

large-scale, randomized controlled studies are needed to confirm the effectiveness 

of GraphoGame SI, these promising first results may offer a stepping stone for the 

development of additional language versions and future systematic comparisons of 

the method’s results in different languages and populations. 
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6.1  INTRODUCTION 

Most children become proficient readers if they are provided with adequate learning 

opportunities, have no significant sensory deficit, and if their cognitive capacity is not 

severely compromised (Richardson & Lyytinen, 2014). Still, despite fulfilling the 

aforementioned prerequisites, it is estimated that in the U.S. one in three of all 

children are struggling readers by the fourth grade (Aud et al., 2013; U.S. 

Department of Education, 2011). A small proportion will develop dyslexia and face 

persisting problems with reading and spelling, with possible negative effects on their 

cognitive development, school motivation, well-being, and self-esteem (Lovio et al., 

2012). In transparent orthographies in which the orthography reflects the surface 

phonology with a high level of consistency, dyslexia is usually characterized by 

extremely slow and effortful phonological recoding combined with very poor spelling. 

In languages with an opaque, inconsistent orthography at the grapheme-phoneme 

correspondence level, dyslexia typically becomes apparent on the basis of 

inaccurate reading alone although reading speed and spelling skills may also be 

affected (Ziegler & Goswami, 2005).  

Among various approaches, early intervention programs aimed at alleviating or 

even preventing dyslexia in struggling readers are generally regarded as the most 

efficient and beneficial (Richardson & Lyytinen, 2014). In this paper, we present 

GraphoGame for Standard Indonesian (SI). Originally designed, implemented, and 

researched at the Finnish university of Jyväskylä and the Niilo Mäki Institute, 

GraphoGame is a technology-enhanced learning environment that trains basic 

reading skills by high but playful exposure to grapheme-phoneme coupling. Since its 

conception, multiple language versions have been developed, each following the 

same key principles that are adjusted to the specific language characteristics and 

teaching situations. The first effectiveness studies evaluating various GraphoGame 

editions have shown promising results (e.g. Brem et al., 2010; Kyle et al., 2013; 

Saine et al., 2010; 2011). 

We discuss the theoretical background, the development, and design of our 

edition of GraphoGame aimed at the advancement of early reading acquisition in 

Standard Indonesian, a highly transparent orthography. Furthermore, to evaluate the 

program’s usability and collect evidence on the relationship between exposure to the 

intervention and changes in early reading and reading-related skills, we conducted 

a pilot study in typical and struggling beginning readers, the results of which are also 

presented. 

 

6.1.1 SI orthography 

Standard Indonesian (SI) is part of the Western Malayo-Polynesian subgroup of the 

Austronesian languages and a standardized dialect of Malay (Sneddon, 2003). For 
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about 23 million Indonesians SI is their primary language while over 140 million 

others speak SI as a second language (Lewis et al., 2013). SI features a highly 

transparent orthography with all but one grapheme having a one-to-one grapheme-

to-phoneme correspondence in both the reading and spelling direction, including a 

close correspondence between letter names and letter sounds (Winskel & Widjaja, 

2007). The alphabet consists of the 26 letters that correspond to the English 

alphabet, with the letter <x> only being used in loan words. SI has five vowels: <a, i, 

u, o>, and <e>. There are six vowel phonemes (/a, i, u, o, ə, e/) as the letter <e> has 

two phonemic forms, representing either the schwa /ə/ or the /e/. The vowels /i, u, o, 

e/ generally lower to /ɪ, ʊ, ɔ, ɛ/ in a final closed syllable (Soderberg & Olson, 2008). 

There are three diphthongs (<au> /au/; <oi> /oi/; <ai> /ai/), five digraphs (<gh> /ɣ/; 

<kh> /x/; <ng> /ŋ/; <ny> /ɲ/; <sy> /ʃ/), and only few consonant clusters (e.g. <gr> /gr/ 

in anggrek ‘orchid’; <skr> /skr/ in manuskrip ‘manuscript’) (Chaer, 2009). The syllable 

is a salient unit in the SI orthography as multisyllabic forms make up the majority of 

words, rendering monosyllabic words uncommon (Winskel & Widjaja 2007). Syllable 

structures are simple and have clear boundaries (Prentice, 1987; Winskel & Lee, 

2013) and most frequently appear as V, VC, CV, CVC, and CVV (C=consonant; 

V=vowel; Prentice, 1987). More complex syllable structures and consonant clusters 

do exist but are introduced mainly through loanwords. SI possesses a rich 

transparent system of morphemes and affixations, with about 25 derivational affixes 

(Prentice, 1987). However, nonaffixed forms are common in colloquial (spoken) 

Indonesian. The affixes have at least one semantic function and differ depending on 

the word class of the stem. The stem word makan (‘to eat’), for example, becomes 

makanan (‘food’) or termakan (‘to be eaten’) (Winksel & Widjaja, 2007). As many 

instructions in primary-school books already contain words with derivational affixes, 

Indonesian children need to be able to cope with long words from an early age. 

 

6.1.2 GraphoGame SI 

As alluded to above, GraphoGame is a digital educational game that trains children 

in the basic skills of reading. In general, the program’s goal is to strengthen a child’s 

phonological awareness and grapheme-phoneme coupling skills while using a more 

motivating play-like format compared to traditional reading practice (Lyytinen et al., 

2009).  

Two important questions guided us in the development of the SI edition of 

GraphoGame: What does a child need to learn during the first stages of reading 

acquisition in SI? And how can GraphoGame support children in learning these 

specific skills? In our SI game presented here, the ‘player,’ or rather his/her game 

character, moves around on a randomly generated map where (s)he has to reach a 

door that leads to the next game level. On the way, the player will encounter fields 

that may contain exercises or items (e.g. a funny helmet for the game character to 
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wear). As we primarily designed GraphoGame SI for use in primary schoolchildren 

who are overchallenged when first starting to read, the game’s rules and graphics 

were kept simple: the speech segments presented are short and the accompanying 

visuals simple and limited (see Figure 6.1). Its main tasks comprise paced and 

unpaced multiple-choice trials in which the child needs to match an acoustic stimulus 

(a phoneme, syllable, or word) to a visual item on the screen (a letter or a larger 

unit). Besides these reactive type trials, in more active tasks children need to 

construct written words from smaller components to match the spoken target words. 

For example, the child hears the word buku /buku/ ‘book’ and needs to compose the 

written word using the two syllable blocks bu (/bu/) and ku (/ku/).  

To compile the GraphoGame SI content, a database including 27 (one- and two-

letter) graphemes, 296 different syllables, and 472 words was created based on 

widely used first-grade elementary school reading textbooks. Using International 

Phonetic Alphabet (IPA) transcriptions of every word included in the database, we 

determined the (relative) frequencies of the grapheme-phoneme correspondences 

and syllables within the words. This information was used to determine the order in 

which the items were introduced in the game. All auditory stimuli and instructions 

were recorded from one male and one female native speaker of Standard 

Indonesian. All items were subsequently evaluated by other native speakers with 

respect to their prototypicality, and only the most prototypical items were used in the 

game. This resulted in one to three different spoken realizations per target. 

 

 
 Figure 6.1 A child playing GraphoGame SI 

 

However simple the game itself, the principles and algorithmic systems operating 

it are rather complex (also see Richardson & Lyytinen, 2014), which is why we will 

next discuss the game’s design and general GraphoGame principles in more detail, 

and elucidate some of the specific choices we made for our SI version of the digital 

learning environment.  
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The main game is divided into 21 ‘streams’ that are subdivided into 333 ‘levels’ 

each consisting of several ‘trials.’ The playing frequency aimed at is 10-15 minutes 

five times a week. To anticipate school settings in which this is not feasible due to 

practical reasons, a compressed version was created in which the same 21 streams 

comprise 177 levels. Each stream focuses on a selection of grapheme-phoneme 

correspondences or a specific syllable structure, while each level within the stream 

provides a different exercise with these specific components in different contexts. A 

key aspect of the method is that per stream only a small set of grapheme-phoneme 

correspondences is introduced, with the initial levels focusing on the individual 

grapheme-phoneme correspondences, after which these same correspondences 

are used to form syllables and these, in turn, to form words. It is only in the next 

stream that a new set is introduced and applied following the same principle. 

Regardless of the alphabetic orthography to be acquired, a beginner-reader 

essentially needs to learn to associate letters with sounds in order to access whole-

word phonological representations of known words. At first, this phonological 

recoding will involve a serial letter-by-letter reading strategy. The different letters of 

the word will be identified one at a time while the beginner-reader learns what sounds 

they correspond to. This mechanism hinges on two important sources of information 

available to the beginner-reader at this point: spoken vocabulary and knowledge of 

the alphabet (Grainger & Ziegler, 2011). To effectively support children during these 

early stages of reading acquisition, the GraphoGame method makes use of the most 

functional sublexical units of the particular orthography: in order to help the young 

reader match the mappings of the orthography to the spoken language form, the 

training focuses on the most frequently and (in less transparent orthographies) most 

consistently used correspondences between the smallest distinguishable parts 

specific to the language being learned (Richardson & Lyytinen, 2014). Research has 

shown that when teaching reading in transparent orthographies with consistent 

grapheme-phoneme correspondences, it makes sense to focus on exactly these 

connections (Holopainen et al., 2002; Landerl, 2000). To typically developing 

readers, this approach is the quickest and simplest way to learn to decode. 

Winskel and Widjaja (2007) studied the acquisition process of first and second 

graders learning to read and spell SI. Overall, and in line with other studies on 

transparent orthographies (e.g. Holopainen et al., 2002; Ŏney & Durgunoğlu, 1997; 

Wimmer & Hummer, 1990), their findings indicated the phoneme to be the prominent 

phonological unit in these early acquisition stages. The syllable also played a 

significant role, particularly when long multisyllabic affixed words needed to be 

mastered. The authors argue that the transparency of the language and the close 

correspondence between letter names and sounds facilitates access to the smallest 

grain size, the phoneme, in beginner-readers of SI. 
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Accordingly, the first stream of the GraphoGame SI training starts with the 

introduction of a small set of grapheme-phoneme correspondences: a selection of 

four phonetically and visually distinct consonant grapheme-phoneme combinations. 

This highly frequent set is initially trained using <a> (/a/), the most frequent vowel in 

SI. The child is asked to pair the presented audio segment with its correct visual 

representation and, based on the child’s performance in each particular trial, mastery 

level and hence the game content of the following trials and levels is aimed at 

achieving about 80% correct responses, which is a prerequisite to move on to the 

next level. By thus offering both sufficient challenges and opportunities for success, 

engagement in the game is promoted (Richardson & Lyytinen, 2014), while 

motivation is further boosted by providing the child with immediate and positive 

feedback only to not discourage it unnecessarily. Following an incorrect response, 

the child will simply hear the same sound again while all visual distractors (i.e. 

alternatives) will disappear. It then needs to actively select the correct written 

response before moving on to the next trial, in order to strengthen the learning of the 

correct correspondences of spoken and written form. Examples of stream content 

are presented in Table 6.1. 

The first stream continues with new levels in which psycholinguistically relevant 

larger sublexical units (i.e. frequently used CV and VC syllables) are introduced, all 

consisting of the same set of graphemes. Next, this first set of consonants is trained 

with a different vowel and in subsequent levels combined to form CV and VC 

syllables and so on until the vowels <a>, <i>, <u>, and <o> have been trained. The 

vowel <e> is not introduced until later in the game since this grapheme can be 

pronounced both as the prototypical /ə/ and as the non-prototypical /e/. Once the 

child has shown to master reading all previously trained graphemes and CV and VC 

syllables, the game moves on to levels containing CV-CV words composed of these 

syllables, where in the initial levels words are built by combining two syllable blocks 

that are followed by trials in which the child is expected to pair the whole spoken 

word with its correctly written counterpart. In transparent orthographies such as SI, 

the expectation is that word decoding is basically attained by learning which sound 

the individual letters stand for and that by simply combining the sounds the written 

words will be arrived at (Richardson & Lyytinen, 2014). The game provides the child 

with the opportunity to use sublexical units, both graphemes and syllables, as 

building blocks to learn to read and spell whole words. 

The second stream introduces a new selection of consonants that are again 

trained with the various vowels, until CV, VC syllables, and CV-CV words have been 

mastered. In the third stream, training continues with the introduction of V-CV 

structures, combining graphemes and syllables trained in the previous two streams. 

Subsequently, new streams with new sets of graphemes and frequently used word 

structures (CVC, V-CVC, CV-CVC, CVC-CV, CVC-CVC) are introduced in a similar 
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  Table 6.1 Examples of the content of GraphoGame for Standard Indonesia 

Stream Structure Sound stimuli (IPA)* Stream Structure Sound stimuli (IPA) 

1 C V /m/ /r/ /s/ /k/  7 V-CVC /atas/ /ikan/ 

 combined with:   CV-CVC /makan/ /putih/ 

 /a/ /i/, /u/, /o/  CVC-CV /tanda/ /mandi/ 

CV VC /ma/ /ka/ /sa/ /ku/ /su/ /us/   CVC-CVC /sampah/ /rumput/ 

 /ki/ /mi/ /ri/ /ko/ /om/ /or/ 12 C /ŋ/ 

CV-CV /suku/ /sama/ /kaki/ /kami/  CVC /jaŋ/ /raŋ/ /riŋ/ /soŋ/ /duŋ/ 

2 C  /n/ /b/ /t/   CV-CV /buŋa/ 

CV VC /bi/ /bo/ /ti/ ba/ /na/ /ni/ /tu/   VC-CV /aŋka/ 

CV-CV /bibi/ /tiba/ /nina/  V-CVC /oraŋ/ /ulaŋ/  

3 V-CV /ibu/ /ini/ /itu/  CV-CVC /hiduŋ/ /kosoŋ/ /sədaŋ/ /dʒaraŋ/ 

4 C  /l/ /d/ /h/ /p/   CVC-CV /hiŋga/ /tiŋgi/ /maŋga/ /miŋgu/ 

 CV /di/ /lu/ /pa/ /da/ /la/ /du//ho/  CVC-CVC /təntaŋ/ /pandʒaŋ/ /leŋkap/ /tiŋgal/ 

 V-CV /apa/ /apa/ 16  /ai/  

 CV-CV /lupa/ /pada/  mixed /hai/ /sungai/ /sampai/ /tangkai/ 

5 CV-CV /bola/ /lalu/ /duri/ /hobi/ 19 mixed /ɲa/ /ku/ /mu/ 

6 CVC /hal/ /pun/ /bus/ /tas/ /tim/   mixed+nya /padaɲa/ /atasɲa/ /misalɲa/ /tempatɲa/  

    mixed+mu /gurumu/ /caramu/ /rumahmu/ /adikmu/ 

    mixed+ku /buahku/ /kulitku/ /hidungku/ /tubuhku/ 

  Note. /ɲ/ = ny (e.g. /padaɲa/ = padanya); /ŋ/ = ng (e.g. /jaŋ/ = yang); /ai/ = ai (e.g. /sampai/ = sampai); /ə/ = e (e.g. /təntaŋ/ = tentang).  

  *IPA = International Phonetic Alphabet. 
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way and alternated with repetition blocks that repeat and combine the training 

material so far. Syllables with more than one pronunciation or a non-prototypical 

pronunciation (e.g. men, either pronounced as the prototypical /mən/ or non-

prototypical /meɲ/, depending on the type of consonant following the final letter <n>) 

are not trained as syllables but only presented in word context later on in the game. 

Once the 80% accuracy level has been attained for 1- and 2-syllabic words with 

highly predictable grapheme-phoneme correspondences, the game moves on to 

streams introducing digraphs (e.g. ng in stream 12, see Table 6.1), diphthongs (e.g. 

ai in stream 16) and vowel clusters, initially in monosyllabic words but followed by 

levels containing 2-syllabic words. The final streams focus on prefixes (e.g. ter, di), 

affixes (e.g. nya, ku, mu in stream 19), and 3-syllable words. To guide the beginner-

learners in their reading of longer multisyllabic words, every syllable has already 

been individually trained before the 2- and 3-syllable words containing these 

syllables are introduced. 

To test whether the design and choice of material met the aims set, we had a 

sample of elementary schoolchildren first learning to read play GraphoGame SI. In 

the next section, we will present the data of this pilot study, comparing the outcomes 

of proficient and less proficient readers. 

 

6.2  PILOT STUDY 

6.2.1 Sample 

The 69 first-graders participating in this study were recruited from an Indonesian 

private primary school in Medan (Sumatra). Education was provided in Standard 

Indonesian (SI). The students all had a middle socioeconomic background and were 

fluent in SI, including four bilingual students who spoke regional languages at home 

(e.g. Batak, Javanese, and Sundanese). Table 6.2 describes the pre-test 

demographics of our sample. 

 

Table 6.2 Baseline demographics of the study sample 

 Grade 1 

N 69 
Boys; girls 31; 38 

Mean age [range] 6;2 [5;2-7;7] 
SD age 0.49 
Formal reading instruction  6 weeks 

 

6.2.2 Measures and Procedures 

All students played GraphoGame SI during various prescheduled supervised group 

sessions at school in the period between October and March, with the player data 

being recorded on a server for offline analysis. To avoid the complexity of the game 

content from increasing too slowly compared to the level of the students’ regular 
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classroom reading instruction, they completed the compressed version of the game 

during this pilot trial. 

The students’ reading (and reading-related) skills were assessed during 

individual test sessions, prior to the GraphoGame SI training in September, in the 

middle of the training period in January, and at the end of the training in April. The 

tests were administered at school by the third author, with the assistance of 

psychologists. A number of the tests used were taken from a recently developed 

reading-assessment battery for beginner-readers of SI (Jap et al., 2017). We 

additionally administered a newly created auditory synthesis task that we modelled 

after the Dutch version originally developed by Verhoeven (1993), with its content 

being drawn from commonly used Indonesian first-grade textbooks. We also used 

two subtasks of the Snijders-Oomen nonverbal intelligence test (SON-R 6-40, 

Tellegen & Laros, 2011) of which the instructions were translated into SI while 

maintaining the original task content. The SON-R scores were used to identify 

students whose intellectual ability could potentially have negatively affected their 

reading and spelling skills. 

The students completed the following pre-test assessments: SON-R analogies 

and categories (non-verbal intelligence test), digit span forward and backward, 

phoneme deletion, auditory synthesis, RAN objects, colours, and if possible, digits 

and letters. At midpoint, they were assessed for word reading and pseudoword 

reading skills only, while at post-test they took all previously mentioned tests again 

except for the SON-R subtasks.  
 

Word reading. The student was shown 100 lowercase bi- and multisyllabic words 

(with a maximum of four syllables) printed on an A4-size laminated sheet of paper 

and asked to read these words from top to bottom as fast and as accurately as 

possible. Reading fluency was defined as the number of words read correctly within 

one minute.  
 

Pseudoword reading. The student was shown 100 lowercase bi- and multisyllabic 

pseudowords printed on an A4-size laminated sheet of paper and asked to read 

these pseudowords from top to bottom as fast and as accurately as possible. The 

pseudowords were created by changing one or more letters of the words used in the 

word-reading task while keeping the number of letters and syllables constant. 

Decoding fluency was defined as the number of pseudowords read correctly within 

two minutes.  
 

Phoneme deletion. The student was asked to repeat a pseudoword articulated by 

the researcher, after which (s)he was instructed to leave out a particular phoneme 

from the repeated pseudoword. The location of the phoneme deletion varied 

between word-initial, word-final and middle position. The task consisted of 20 words 
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and three practice trials, with a cut-off rule of five consecutive incorrect answers. The 

phoneme deletion score was calculated as the number of correct answers.  
 

Auditory synthesis. The researcher read out 20 words divided into four clusters of 

increasing word length (two to five phonemes per word) articulating the individual 

phonemes one by one. The student was asked to blend these sounds into a single 

spoken word. The task was preceded by three example trials. After only incorrect 

answers within a single cluster, the task was discontinued. The auditory synthesis 

score was calculated as the number of correct answers.  
 

Rapid automatized naming (RAN, Van den Bos, 2003). The student was shown five 

columns of ten objects, colours, digits, or letters printed on an A4-size laminated 

sheet of paper and asked to name these from top to bottom as fast and as accurately 

as possible. Prior to the test, the student practiced using the last column while the 

rest of the items were covered with a white sheet of paper. The RAN scores were 

calculated as the number of items named per second. 
 

Digit span forward & backward. The student needed to repeat spans of digits of 

increasing lengths, in forward fashion during the first and in backward fashion during 

the second task. Per trial, two sequences with the same number of digits were 

presented. Both tasks were preceded by two example trials. The cut-off rule was an 

incorrect answer in two trials with the same span length. Both digit-span scores were 

based on the number of correctly reproduced trials. 
 

Analogies & Categories (SON-R 6-40, Tellegen & Laros, 2011). Both SON-R 

subtasks gauge abstract reasoning and each consists of three groups of 12 items. 

In the analogies test, the student had to deduce the principle of change of an 

example analogy where one geometrical figure changed into another geometrical 

figure and apply this principle to another comparable figure. With the categories test, 

the student had to find the common characteristic of three pictures and subsequently 

point the feature out in two other pictures (out of five new pictures) that also 

possessed this feature. Both SON-R scores were based on the total number of 

correct answers.  

 

6.2.3 Results 

6.2.3.1 Descriptives  

The performance scores on the pre-, mid-, and post-tests are presented in Table 6.3, 

listing the mean values and standard deviations of the scores on the 12 tests, in 

addition to the results from the paired differences t tests between the pre-to-post and 

mid-to-post-test mean scores. Outliers are restricted to a maximum difference of two 

standard deviations from the task mean. Due to absence during one of the three 

assessments or the inability to assess RAN letters at pre-test (in case the letters 

presented were still unknown), some measures were missing for a number of other 
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students as shown by the sample sizes in the table below. Two students were 

excluded from further analysis; the first student had been absent during the pre- and 

post-assessments and had only completed one GraphoGame session. The second 

student had been absent during the pre-test assessment, had great difficulty 

understanding the task instructions during mid- and post-test assessment sessions, 

and was described by the teacher as having severe learning, concentration, and 

behavioural problems.  

As shown, all post-test mean scores were higher than the mid- and pre-test 

means. Moreover, all paired differences were significant, with the exception of digit 

span forward.  

 

Table 6.3 Descriptive statistics of the pre-, mid-, and post-test results and the paired 

differences between pre-, mid-, and post-test mean scores 

 Pre-test Mid-test Post-test Paired differences 
 Mean SD Mean SD Mean SD N t df Sign. 

Reading fluency - - 52.0 18.5 60.9 15.6 66 5.59 65 <.001* 

Decoding fluency - - 56.9 17.2 63.9 15.0 65 5.70 64 <.001* 
Auditory synthesis 6.7 4.2 - - 10.8 4.4 60 7.57 59 <.001* 
Phoneme deletion 4.4 5.4 - - 11.1 6.1 60 9.69 59 <.001* 

Digit span-forward 6.0 1.2 - - 6.2 1.1 56 1.00 55 .323 
Digit span-backward 2.2 1.1 - - 2.8 1.1 56 4.05 55 <.001* 
RAN colours 0.7 0.2 - - 0.9 0.2 60 8.10 59 <.001* 

RAN objects  0.6 0.2 - - 0.8 0.2 60 9.58 59 <.001* 
RAN digits  0.9 0.3 - - 1.3 0.3 60 11.03 59 <.001* 
RAN letters  1.1 0.3 - - 1.5 0.3 59 11.39 58 <.001* 

SON analogies 12.8 5.1 - - - - - - - - 
SON categories 9.4 4.2 - - - - - - - - 

Note. Raw scores are presented for SON analogies and categories. 

* Mean difference is significant at the 0.05 level. 

 

Descriptive statistics of the GraphoGame SI player data are presented in Table 

6.4. Between October and March, the students attended on average nine (range 5-

12) GraphoGame sessions each offering about 15-20 minutes of ‘computer’ time. 

This is more than the ‘playing’ times listed in Table 6.4, which represent the true 

intervals during which the child was actually exposed to the educational content and 

spent playing the game levels, excluding the time the child navigated the maps in-

between levels.  

 

Table 6.4 Descriptive statistics of the GraphoGame SI player data (N=69) 

 Min Max Mean SD 

Playing time (hrs.)  1.07 2.98 1.86 0.40 

Playing sessions  5 12 8.90 1.44 
Total no. of levels played  63 243 175.83 42.01 
Levels played per minute 0.80 2.29 1.57 0.34 

Highest level reached  2 177 145.70 44.10 
Total no. of items seen  3363 12003 8296 1736 
Total no. of responses given  876 2890 2029 431 



GRAPHOGAME SI: THE DEVELOPMENT OF A LITERACY LEARNING TOOL 

153 

6.2.3.2 Correlations 

Interrelationships among ten tests (excluding SON-R analogies and categories) and 

the GraphoGame SI variables mentioned in Tables 3 and 4, respectively, were 

examined using a correlation matrix, listed in Table 6.5, being taken to be significant 

when p <.05. Both mid- and post-test reading and decoding fluency scores correlate 

significantly with the highest GraphoGame level reached, the total number of levels 

played, the number of levels played per minute, the number of GraphoGame items 

seen, and the total number of responses given. The data clearly show that exposure 

to GraphoGame is related to reading and decoding skills. No significant correlations 

were found between reading and decoding fluency and total playing time or sessions 

played.  

Other interesting results are the higher correlations at post-test compared to pre-

test between phoneme deletion and those for auditory synthesis and the 

GraphoGame variables. Pre- and post-test differences are smaller for digit span 

(verbal short-term memory) and the GraphoGame variables, with some correlations 

being slightly higher at pre-test and others at post-test. While at pre-test digit span 

forward correlates significantly with the highest GraphoGame level reached, the total 

number of levels played, the number of levels played per minute, and the number of 

GraphoGame items seen, at post-test it correlates significantly with the 

aforementioned variables with the exception of the number of levels played per 

minute. Both at pre- and post-test, digit span backward correlates significantly with 

the highest GraphoGame level reached only.  

As for the RAN subtasks, RAN objects does not correlate significantly with any of 

the GraphoGame variables at pre-test. The only significant correlation is between 

the pre-test scores for RAN colours and the highest GraphoGame level reached, 

while at post-test both RAN objects and colours correlate significantly with the 

highest level reached and the number of levels played per minute. Stronger 

relationships are found for RAN digits and letters and several GraphoGame 

variables, with correlations being higher at pre-test than at post-test. At pre-test, 

significant correlations can be observed for both RAN digits and letters and the 

highest GraphoGame level reached, the total number of levels played, the number 

of levels played per minute, the number of GraphoGame items seen, and the total 

number of responses given, whereas at post-test these RAN tasks correlate 

significantly with the highest level reached and the number of levels played per 

minute only.  
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Table 6.5 Correlations between the GraphoGame variables and reading (-related) skills at the 

pre, mid-, and post-test assessments 

 

 
GraphoGame 

 Highest 
level 

Playing 
time 

Levels 
total 

Level per 
min 

Sessions 
total 

Items 
seen 

No. of 
responses 

Pre-test        

Auditory synthesis .375** -.002 .340** .402** -.112 .333** .307** 

Phoneme deletion .271* -.038 .196 .284* -.036 .198 .181 

Digit span forward .387** .102 .320* .257* .040 .287* .250 

Digit span backward .280* .042 .174 .117 -.056 .154 .104 

RAN colours  .306* .007 .195 .202 .010 .177 .153 

RAN objects  .205 .092 .215 .158 .072 .206 .215 

RAN digits  .409** .114 .392** .341** -.118 .401** .385** 

RAN letters .374** -.024 .339** .401** -.117 .335** .304* 

Mid-test        

Reading fluency .569** -.011 .478** .629** -.207 .449** .416** 

Decoding fluency .496** -.052 .401** .583** -.168 .366** .327** 

Post-test        

Reading fluency .557** .044 .461** .533** -.027 .426** .396** 

Decoding fluency .485** -.056 .373** .572** -.155 .344** .305* 

Auditory synthesis .515** .187 .408** .312* -.030 .384** .347** 

Phoneme deletion .616** .044 .461** .554** -.128 .407** .383** 

Digit span forward .358** .183 .283* .169 .142 .262* .237 

Digit span backward .270* .186 .229 .131 .074 .204 .187 

RAN colours .306* -.026 .230 .305* .077 .181 .173 

RAN objects .257* -.107 .127 .264* -.123 .070 .061 

RAN digits .324** -.07 .189 .325** -.056 .135 .103 

RAN letters .355** .023 .231 .295* -.049 .151 .141 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 

 

6.2.3.3 Regression 

A linear regression analysis was conducted to determine whether the relationship 

between pre-test phonological skills and post-test reading and decoding fluency was 

modulated by the student’s exposure to the game. Prior to these analyses, we 

created the following factor scores by running a Principal Component Analysis: 1) 

‘pre-phonological skills’, created based on pre-test phoneme deletion and auditory 

synthesis scores, 2) ‘post-reading and decoding fluency’, created based on post-test 

reading fluency and decoding fluency scores, 3) ‘pre-RAN’, created based on pre-

test RAN digits and letters scores, and 4) ‘GG exposure’, including five GraphoGame 

variables (i.e. the highest level reached, the total number of levels played, the 

number of levels per minute, the total number of items seen, and the total number of 



GRAPHOGAME SI: THE DEVELOPMENT OF A LITERACY LEARNING TOOL 

155 

responses given) that formed the first component in a factor analysis including all 

GraphoGame variables. Intercorrelations between these five GraphoGame variables 

ranged between .55 (total number of responses and number of levels per minute) 

and .98 (total number of responses and total number of levels played). We also 

evaluated mixed effects regression by including a factor for classroom as random 

intercept, which did not improve the model fit sufficiently to warrant its inclusion. 

Based on the initial model fit we excluded observations that caused residuals beyond 

±2 standard deviations, which led to the exclusion of one participant. The final model 

fit as indicated by R2 was 0.53 (F(4,49) = 15.8, p <.001), based on 54 participants. 

We found significant main effects for pre-phonological skills (ß = 0.48, t = 4.48, p < 

.001) and pre-RAN (ß = 0.26, t = 2.31, p = .025) on post-reading and decoding 

fluency, as well as a close to significant pre-phonological skills × GG exposure 

interaction effect (ß = -0.19, t = -1.71, p = .094).  

To further investigate the possible interaction of GG exposure and pre-test 

phonological skills we plotted the model predictions in Figure 6.2 for low (z-score = 

-1) and high (z-score = 1) scores on GG exposure, and for continuous standardized 

data on pre-phonological skills while controlling for pre-RAN. Mean post-reading and 

decoding fluency scores of students with low pre-phonological skills (z-scores -1 and 

-2) differed significantly between the two GG exposure levels. The figure shows that 

while the post-reading and decoding performance of students with average and 

above-average pre-phonological skills was not moderated by exposure, for below-

average pre-phonological skills the model described a significant difference in post-

reading and decoding fluency scores between low and high GG exposure.  

 

 
 

Figure 6.2 Plot of the pre-phonological skills × GG exposure interaction effect, controlling for 

pre-RAN, with post-reading and decoding fluency as the dependent variable.  
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6.3  DISCUSSION 

Reading is an essential skill in today’s society and early intervention programs have 

been found most helpful for struggling and dyslexic readers. With the newly 

developed GraphoGame SI presented here, we have tried to create an efficient and 

appealing digital learning environment that trains the basic steps of reading in 

Standard Indonesian (SI). We applied several established key principles and made 

adjustments to accommodate for the specific characteristics of this highly 

transparent orthography, focusing on the most frequently used correspondences 

between the smallest distinguishable parts specific to SI, i.e. the grapheme-

phoneme connections. Having tested the game in first-grade students, we noted an 

effect of game exposure on the reading and decoding abilities of students with below 

average pre-phonological skills; the more the first-graders with below-average 

baseline phonological skills had been exposed to GraphoGame SI, the better they 

performed on the tasks assessing post-test reading and decoding fluency.  

In their lexical quality hypothesis, Perfetti and Hart (2001) postulate that reading 

skills are influenced by the quality of word representations. High lexical quality entails 

well-specified and partly redundant representations of both orthographic and 

phonological forms and representations of meaning and grammatical function, 

allowing for rapid and reliable meaning retrieval. Low-quality representations lead to 

specific word-related problems in comprehension (Perfetti, 2007). Other researchers 

have suggested that apart from the quality of mental representations themselves, 

also the quality of access to these representations might explain the relationship 

between phonological awareness and reading abilities (e.g. Elbro & Jensen, 2005). 

From early on, GraphoGame SI aims to create high-quality mental representations 

of both lexical and sublexical units to strengthen the reader’s network of related 

phonological, orthographic, and semantic representations of words. By offering a 

multitude of repetitions of exactly the same stimuli in both visual and auditory 

contexts, the game provides the beginning reader ample opportunities to build these 

mental representations and to learn the connections needed at these elementary 

stages of reading acquisition. Conventional learning environments could never offer 

such a high number of and frequency in stimuli, nor such stability in their quality 

(Richardson & Lyytinen, 2014). Other than for the highly transparent SI orthography, 

the most effective training method for less transparent orthographies would depend 

on the kind of connections existing between written and spoken language units 

(Richardson & Lyytinen, 2014). In English, for example, smaller grain sizes 

(graphemes, phonemes) tend to be less consistent than larger grain sizes (e.g. 

rimes) (Treiman et al., 1995; Ziegler & Goswami, 2005). Indeed, children learning to 

read in English have been shown to benefit from a focus on larger units such as 

rimes as part of the reading curriculum (see Kyle et al., 2013 for GraphoGame 

Phoneme and GraphoGame Rime games for English).  
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Although large-scale randomized controlled studies are needed to confirm the 

effectiveness of the SI reading game, our preliminary GraphoGame player data 

showed that most of its variables were significantly related to mid- and post-test 

reading and decoding skills. Interestingly, whereas post-test correlations between 

the GraphoGame variables and phonological awareness (phoneme deletion, 

auditory synthesis) were larger than the pre-test associations, the post-test 

correlations with the alphanumeric RAN tasks were smaller than those recorded at 

baseline. It is possible that, early in the reading acquisition process, the students’ 

level of phonological awareness as measured with the tests we administered, does 

not tell us as much about their future reading ability as does their capacity to actually 

acquire this basic prerequisite after appropriate reading instruction. Students with 

below average phonological skills at the start of reading acquisition will not all turn 

out the be poor readers after exposure to print and extensive reading practice. 

Factors such as environment or other interests may have kept them from developing 

phonological skills. Hence reading and phonological awareness may be mainly 

reciprocally rather than causally related, as was also suggested by Blomert and 

Willems (2010). The observed lower post-test correlations between GraphoGame 

variables and the alphanumeric RAN tasks could possibly be explained by RAN not 

only measuring the ease with which phonological codes can be retrieved from long-

term memory but also the speed of visual perception of stimuli and the required 

motor response - two skills that are extremely important in the game. Students who 

are good at RAN are most likely also good at responding rapidly to the game’s 

educational tasks, are exposed to more items during a GraphoGame session, and 

thus get more training. The impact of this proficiency may be greater at the start of 

the game, when reading skills are low and fast responders have an advantage over 

their less quick peers. Moreover, at this stage the game content is still relatively easy 

and many students will know the correct answers. Once levels are reached where 

more time and attention are required to be able to select the correct item, the impact 

of RAN may diminish.  

In line with other GraphoGame effectiveness studies (e.g. Kyle et al., 2013; Saine 

et al., 2010; also see Richardson & Lyytinen, 2014), our main game design aimed at 

five playing sessions of 10-15 minutes a week, for optimal concentration and 

automatization of reading-related skills. In the current pilot study, the compressed 

game design was used to avoid the complexity of the game content from increasing 

too slowly compared to the level of regular classroom reading instruction, and playing 

sessions were longer (15-20 minutes) but less frequent. With this compressed 

version, best results of game exposure on post-test reading and decoding fluency 

were reached for students with below average pre-phonological skills. It is worth 

noting, however, that twenty-six students (37.7%) completed all 177 levels prior to 

the end of the last (i.e. 12th) GraphoGame session, after on average 8.7 sessions 
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(range 6-12) and 1.85 hours (SD: 0.25) of gameplay. By contrast, 10 students 

(14.5%) had not even finished 50% of the levels by the end of the last session, after 

on average 8.0 sessions (range 5-11) and 1.45 hours (SD: 0.32) of playing. When 

analysing the data of both groups further, results show that among the students who 

had finished all game levels, scores varied on the factor pre-phonological skills 

(below average: N=3; average: N=19; above average: N=4)9 but less on pre-RAN 

(average: N=21; above average: N=4). In contrast, the 10 struggling players had 

below average (N=4) to average (N=4) scores on pre-phonological skills (two scores 

were missing due to absence during the pre-test assessment). On pre-RAN, scores 

varied between below average (N=4), average (N=1), and above average (N=2) (one 

additional student wasn’t able to take the RAN letters task). Although numbers are 

small, the generally higher pre-RAN scores among those students who finished all 

game levels compared to those who finished less than 50%, and the varying pre-

phonological skills in both groups, are in line with our observations as presented 

above regarding the correlations between pre-phonological skills and pre-RAN tasks 

with the GraphoGame variables, including the highest level reached.  

Considering the fact that the extensive main game design would not offer 

exposure to more challenging items, but only more repetition of the same game 

content, we question the added value of a more extensive training of the same 

grapheme-phoneme correspondences, syllables and words in future research, for 

those who are able to attain fluent decoding skills with regular classroom instruction 

and 1-2 hours of playing the compressed version of the game. Once the grapheme-

phoneme correspondences have been learned, word decoding in transparent 

orthographies such as SI is expected to be attained by basically putting together the 

different sounds of written words (Richardson & Lyytinen, 2014). Decoding skills are 

then automatized after extensive reading exposure and repetition, and for those 

good players, the compressed game design may already provide sufficient practice. 

For the more struggling players, the extended main game design could be beneficial 

to determine whether even more practice and game exposure could lead to further 

improved reading and decoding skills.  

Reading acquisition and dyslexia have as yet not been extensively studied in 

Indonesia and some of the tests we used are part of a recently developed literacy 

assessment battery that still requires optimization and validation (see Jap et al., 

2017). It is therefore possible that these test results may have a higher “noise” level 

than results obtained with more widely applied and validated tests. Moreover, there 

may have been other factors that we did not monitor, such as motivation or other 

(reading related) classroom activities, that could (partly) explain the improvements 

we recorded. Another limitation of our study worth noting is that the students we 

                                                             
9 Below average: z-scores ≤ -1; average: -1 < z-scores < 1; above average: z-scores ≥ 1. 
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tested all stemmed from mid-SES families, spoke SI as their first language, and 

attended the same private school in one of Indonesia’s largest cities. Our results can 

hence not be generalized to the wider Indonesian primary-school population. Future 

studies should examine a more diverse sample including students from different 

parts of the country and various ethnic and socio-economic backgrounds.  

To conclude, based on our preliminary but promising results, the next step will be 

to implement GraphoGame SI in a larger, more diverse sample of beginning readers 

and include active and passive control groups to further investigate and improve its 

effectiveness in promoting basic reading and reading-related skills. Future 

improvement of the stimulus selection algorithm will hopefully at some point make 

different versions of this game redundant and will enable the game to truly adapt to 

the student’s capabilities. Pending our results, we hope that our study will be a 

stepping stone for the development of additional language versions of this or similar 

digital-based learning environments. Effective language-specific reading 

interventions such as GraphoGame not only support less proficient and struggling 

readers but can potentially also play a role in secondary prevention. By identifying 

those readers that are at risk of developing serious reading deficits or dyslexia at an 

early stage while simultaneously offering additional learning opportunities like 

GraphoGame, we can break the vicious cycle of negative learning experiences and 

minimize the sequelae of transient or ongoing reading disabilities.



 
 

 



 
 

 

 

 

 

CHAPTER 7 
 

 

GraphoGame SI: Digital learning support for reading difficulties 

in a transparent orthography10  
 

 

 

 

 

 

  

                                                             
10 The study reported in this chapter was submitted for publication:  

Borleffs, E., Zwarts, F., Siregar, A., & Maassen, B. A. M. GraphoGame SI: Digital 
learning support for reading difficulties in a transparent orthography. 
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ABSTRACT 

There is growing recognition of the importance of evidence-based technological tools 

that provide personalized learning opportunities. This paper reports on a pilot study 

assessing the usability and effectiveness of GraphoGame for Standard Indonesian, 

a digital game environment that trains basic reading skills by high but playful 

exposure to grapheme-phoneme correspondences. The results obtained in 33 first-

graders show that game progress was found to be a significant predictor of reading 

and decoding abilities both at the post-test and the 4-month follow-up assessment. 

Our results additionally indicated a significant interaction effect: only for students with 

average to above-average pre-test letter knowledge, progress in the game was 

strongly related to reading and decoding fluency. In order to enable students with 

low letter knowledge at the outset to also fully benefit from the game, we suggest 

extending the playing period to approximately six months to firmly establish letter 

knowledge and phonological awareness skills.   
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7.1  INTRODUCTION 

Dyslexia is the most prevalent learning disability (Cortiella & Horowitz, 2014). 

Prevalence rates depend on the exact definitions and diagnostic criteria used, but 

following a common definition in which the cut-off for reading achievement is set at 

1.5 standard deviations below the mean for age, 7% of the general population can 

be identified as being dyslexic (Peterson & Pennington, 2015). Children with dyslexia 

not only face persisting problems with reading and spelling (Lyon et al., 2003) but 

also negative effects on cognitive development, school motivation, well-being, and 

self-esteem (Lovio et al., 2012). Within the field of learning difficulties, there is a 

growing recognition of the importance of evidence-based technological tools that 

provide personalized learning opportunities (Beddington et al., 2008; Kyle et al., 

2013). If designed in such a way that progress depends on learning, struggling 

learners can be given more practice opportunities, which also creates a possibility 

for individualized instruction and support.  

In this paper, we discuss the results of an extended pilot study using 

GraphoGame for Standard Indonesian (GraphoGame SI), a digital learning 

environment that trains basic reading skills by high but playful exposure to 

grapheme-phoneme coupling. The development of effective language-specific 

reading acquisition programs and interventions such as GraphoGame can be of 

great value to any struggling reader but even more so to those students learning to 

read orthographies that have not yet been extensively studied, where the 

development of such tools can play an important role in preventing or alleviating 

dyslexia. Since its creation at the Finnish university of Jyväskylä and the Niilo Mäki 

Institute, multiple language versions of GraphoGame have been developed that 

each follow the same key principles while being adjusted to the specific language 

characteristics. Effectiveness studies evaluating GraphoGame methods have, so far, 

shown promising results (e.g. Brem et al., 2010; Kyle et al., 2013; Saine et al., 2010; 

2011).  

Our group has developed two versions of GraphoGame for SI: the main design 

that includes 21 ‘streams’ subdivided into 333 ‘levels,’ while a compressed version 

offers the same 21 streams in 177 levels. In line with other GraphoGame studies 

(e.g. Kyle et al., 2013; Saine et al., 2010), the main game was designed to be played 

during five 10-15 minute sessions per week (also see Richardson & Lyytinen, 2014). 

The shorter version was created to anticipate school settings in which this preferred 

playing frequency would not be possible due to practical restrictions and where the 

complexity of the game content still needed to coincide with the level of the students’ 

regular classroom reading instruction. Details of the development and design of 

GraphoGame SI are extensively described in Borleffs et al. (2017) in which the 

compressed version of the game was first tested. The results of this pilot study 

among 69 typical and struggling beginning readers recruited from first-grade 
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classrooms of an elementary school in the city of Medan (Sumatra) were promising 

and indicated that the more the students with low pre-test phonological skills were 

exposed to the game, the better their post-test performance on reading and decoding 

fluency became. We, of course, are still in need of more large-scale randomized 

controlled studies to further explore the effectiveness of our game designs. 

In the present study, we test a more intensive approach than we did in our 

previous pilot by having 33 first-graders from a more rural area, i.e. the outskirts of 

Medan, play the full game more frequently during a shorter period of time (see 

Method section for more details) (Borleffs et al., 2017). The aims of this extended 

pilot were to further evaluate GraphoGame SI’s usability, test the effectiveness of 

our main game design in promoting reading (-related) skills in first-grade learners of 

Standard Indonesian, and use the data gained during this study to further improve 

the game design.  

 

7.1.1 Standard Indonesian orthography 

Standard Indonesian (SI) is a standardized dialect of the Malay language (Sneddon, 

2003). For approximately 23 million Indonesians SI is their primary language while 

another 140 million speak SI as a second language (Lewis et al., 2013). SI has a 

highly transparent orthography with an almost one-to-one correspondence between 

phonemes and graphemes in both the reading and spelling direction, including a 

close correspondence between letter names and letter sounds (Winskel & Widjaja, 

2007). The alphabet coincides with the 26 letters of the English alphabet albeit that 

the letter <x> is only used in loan words. SI has numerous transparent morphemes 

and affixations (Prentice, 1987). Colloquial, spoken SI, however, often features 

nonaffixed forms. The affixes have at least one semantic function and differ as a 

function of the word class of the stem (Winskel & Widjaja, 2007). The majority of 

words are multisyllabic; monosyllabic words are rare. The syllable structures are 

simple and have clear boundaries (Prentice, 1987; Winskel & Lee, 2013). As many 

text books for first-graders already feature words with derivational affixes, 

Indonesian schoolchildren need to master long words early on in their education 

(Winskel & Widjaja, 2007).  

 

7.2  METHOD 

7.2.1 GraphoGame SI 

GraphoGame SI was primarily designed to support young students whose SI reading 

skills (appear to) lag behind those of their peers at the elementary stages of formal 

reading instruction. In the game, the ‘player’ moves around on a randomly generated 

map where his/her game character has to reach a door that leads to the next game 

level. Along the way, the player passes by fields that may contain an item (e.g. a 
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funny hat for the game character to wear) or an exercise. The game’s main exercises 

consist of paced and unpaced multiple-choice trials in which the player needs to 

match an acoustic stimulus (a phoneme, syllable, or word) to the corresponding 

written representation on the screen. These reactive types of trials are alternated 

with more active tasks in which students need to construct written words from smaller 

components to match the spoken target words. For example, the student hears the 

word kamu /kamu/ ‘you’ and needs to construct the written word using two syllable 

blocks ka (/kɑ/) and mu (/mu/).  

 

7.2.2 Samples 

Thirty-seven first-graders were recruited from a small private Christian school in one 

of the suburbs of Medan (Sumatra) where education was provided in SI. All students 

had a low to middle socioeconomic background and were fluent in SI, including one 

bilingual student who spoke a regional language (Batak) at home.  

Of these 37 candidates 33 were eligible to participate in the study. Three students 

were excluded from the data analysis as their cognitive abilities to play the game 

were insufficient, while the fourth student hardly ever attended school and missed 

both pre- and post-test sessions, and most of the GraphoGame sessions.  

Table 7.1 describes the demographics of the 33 participants at pre-test of whom 

31 had attended one year of kindergarten (out of two) while two students had not 

attended kindergarten at all.  

 

Table 7.1 Demographics of the study sample at pre-test 

 Grade 1 

N  33 
Boys; girls 20; 13  
Mean age [range] 6;5 [5;3-7;3] 
SD age 0.65 
Reading instruction  2 weeks 
Kindergarten attendance [boys; girls]* 19; 12 

Possible reading and spelling problems [boys; girls]* 1; 4 

*Based on a questionnaire filled out by parents and the homeroom teacher. 

 

7.2.3 Measures and procedure 

All students played GraphoGame SI during various prescheduled supervised group 

sessions at school in the period between August and November 2015, with the player 

data being recorded on a server for offline analysis. The students’ reading and 

reading-related skills were assessed during individual test sessions using paper-

and-pencil tests completed prior to the start of the GraphoGame SI training in August 

(pre-test, second or third week of school; N=30), at the end of the training in 

November (post-test; N=33), and at a follow-up in April (follow-up; N=31). Moreover, 

the students participated in a computerized in-game assessment at pre- and post-



CHAPTER 7 

166 

test. Two students (out of 33) had started school a few weeks late and therefore 

missed the pre-test and, after two attempts, another student proved too shy to take 

the pre-test. In week four, all students started playing GraphoGame SI.  

The majority of the behavioural measures used were taken from a recently 

developed assessment battery for beginner-readers of SI (Jap et al., 2017). 

Additionally, we created and presented an auditory synthesis task (modelled after a 

Dutch version developed by Verhoeven, 1993), drawing its content from commonly 

used Indonesian first-grade textbooks as well as two subtasks of the Snijders-

Oomen nonverbal intelligence test (SON-R 6-40, Tellegen & Laros, 2011) of which 

the instructions were translated while maintaining the original task content (also see 

Borleffs et al., 2017).  

The following tasks were completed at pre-test: SON-R categories and analogies 

(non-verbal intelligence test), digit span forward and backward, phoneme deletion, 

auditory synthesis, RAN objects, colours, and if possible, digits and letters. At post-

test and follow-up, word reading and pseudoword reading were assessed, in addition 

to all previously mentioned tests except for the SON-R subtasks.  
 

Word reading. The student was presented with a list of 100 lowercase bi- and 

multisyllabic words (with a maximum of four syllables) printed on an A4-size 

laminated sheet of paper. Reading fluency was defined as the number of words 

correctly read within one minute.  
 

Pseudoword reading. The student was presented with a list of 100 lowercase bi- and 

multisyllabic pseudowords (with a maximum of four syllables) printed on an A4-size 

laminated sheet of paper. Decoding fluency was defined as the number of 

pseudowords correctly read within two minutes.  
 

Phoneme deletion. The student was instructed to repeat a pseudoword articulated 

by the researcher, after which (s)he was asked to leave out a particular phoneme 

from the repeated pseudoword. The phoneme-deletion score was calculated as the 

number of correct answers.  
 

Auditory synthesis. The researcher presented 20 words (two to five phonemes per 

word) by articulating the individual phonemes one by one, after which the student 

was asked to blend these sounds into a spoken word. The auditory-synthesis score 

was calculated as the number of correct answers.  
 

Rapid automatized naming (RAN). The student was shown five columns of ten 

objects, colours, digits, or letters printed on an A4-size laminated sheet of paper and 

was asked to name these from top to bottom as fast and as accurately as possible. 

The RAN scores were calculated as the number of items per second correctly named 

by the student. 
 

Digit span forward & backward. The student was asked to repeat spans of digits of 

increasing lengths, in forward fashion during the first, and in backward fashion during 
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the second task. Both digit-span scores were based on the number of correctly 

reproduced trials. 
 

Categories & analogies (SON-R 6-40, Tellegen & Laros, 2011). Both SON-R 

subtasks measured abstract reasoning and consisted of three groups of twelve test 

items. In the categories task, the student had to find the common characteristic of 

three pictures and subsequently point at two other pictures (out of five new pictures) 

that also possessed this feature. In the analogies task, the student had to discover 

the principle of change of an example analogy where one geometrical figure 

changed into another geometrical figure, and apply this principle to another 

comparable figure. Both SON-R scores were based on the total number of correct 

answers.  

The in-game assessments taken during the pre- and post-test sessions were part 

of a larger test battery. Below, we describe the ones analysed in our present trial:  
 

Letter-sound knowledge-Part I. The student was asked to match a target speech 

sound to the corresponding grapheme presented on the screen together with seven 

or eight distractors [e.g. target /d/ with distractors ⟨d | e r i n k a ai⟩]. The score for 

this test was calculated as the number of correct answers out of 25 presented 

phonemes.  
 

Letter-sound knowledge-Part II. The student was asked to match a target speech 

sound to the corresponding grapheme. Each target grapheme was presented on the 

screen together with five more confusable distractors [e.g. target /ŋ/ with distractors 

⟨ng | n m g ny y⟩]. This second letter-sound knowledge score was calculated as the 

number of correct answers out of ten presented phonemes.  
 

Number knowledge. The student was asked to match a spoken digit ranging from 0 

to 20 with the corresponding written representation. Each target was presented on 

the screen together with nine or ten distractors [e.g. digit 19 with distractors 19 | 1 2 

9 17 11 4 15 14 5]. The number-knowledge score was calculated as the number of 

correct answers out of 21 presented digits.  
 

Lexical decision (only at post-test). The student was shown 16 words (e.g. kue, 

sampai, di) and 16 pseudowords (tue, simpau, ki), one at a time, and asked to decide 

whether or not the presented word was a true (existing) word or not by selecting a 

button with a red cross or a green check mark. The score was calculated as the 

number of correct answers.  

 

7.3  RESULTS 

7.3.1 Descriptives  

Table 7.2 lists the performance scores for the pre-, post-, and follow-up tests in mean 

values and standard deviations (16 tests) and the results from the paired samples t 
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test or Wilcoxon signed-rank test. Several variables were not normally distributed (in 

the table marked with an asterisk), in which case we used the non-parametric 

alternative for the paired samples t test.  

As shown, the paired pre-post differences were significant for auditory synthesis, 

all four RAN tasks, the in-game number-knowledge assessment task and both letter-

sound knowledge tasks. The paired post-to-follow up differences yielded significant 

results for reading and decoding fluency, phoneme deletion, and RAN colours, digits 

and letters.
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Table 7.2 Descriptive statistics of the pre-, post-, and follow-up results and the paired pre-post and post-follow-up differences 

Note. LS knowledge = letter-sound knowledge. 
* One or both variables are not normally distributed. Nonparametric Wilcoxon signed-rank test is used instead of paired samples t test. 

** Mean difference is significant at the .05 level 

 Pre-test Post-test Follow-up test 
Paired differences  

post - pre 

Paired differences  

follow-up - post 
 Mean SD Mean SD Mean SD t / Z* df Sign. t / Z* df Sign. 

Reading fluency - - 14.70* 15.99 28.23* 25.09 - - - 4.23* - <.001** 

Decoding fluency - - 17.61* 18.98 27.26* 24.75 - - - 3.95* - <.001** 
Auditory synthesis 1.90* 2.14 4.85* 4.24 6.77* 5.37 2.99* - .003** 1.76* - .079 
Phoneme deletion 0.47* 1.01 0.45* 1.30 2.26* 4.57 -0.30* - .764 2.70* - .007** 

Digit span-forward 4.29 1.80 4.76* 1.52 4.55* 1.73 1.39* - .164 0.20* - .839 
Digit span-backward 0.80* 1.03 1.33* 1.29 1.48* 1.15 1.91* - .057 1.19 - .232 
RAN colours 0.43 0.25 0.56 0.26 0.58 0.27 4.28 27 <.001** 2.10 28 .045** 

RAN objects  0.56 0.18 0.68 0.14 0.71 0.21 4.55 29 <.001** 1.45 30 .159 
RAN digits  0.61* 0.30 0.95* 0.34 1.00 0.41 4.54* - <.001** 3.58* - <.001** 
RAN letters  0.56 0.29 0.97 0.42 1.10* 0.55 8.13 23 <.001** 3.44* - .001** 

SON analogies 5.36* 3.58 - - - - - - - - - - 
SON categories 4.68* 4.09 - - - - - - - - - - 
Number knowledge 15.89* 6.43 18.21* 5.44 - - 3.06 - .002** - - - 

LS knowledge I 11.32 5.90 15.79 4.88 - - 2.50 - .013** - - - 
LS knowledge II 4.78 2.21 6.15 1.99 - - 2.65 - .008** - - - 
Lexical decision - - 15.90* 5.09 - - - - - - - - 
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The descriptive statistics of the GraphoGame SI player data are presented in 

Table 7.3. Our aim was to have the students play the game five times a week for 13 

weeks between August and November barring the mid-term exam week; no play due 

to absence or technical issues were also noted. We recorded an average of 2.9 

sessions per week and an average ‘playing time’ of 11.3 minutes per session, 

reflecting the time during which students were actually exposed to the educational 

content and had spent completing game levels, excluding the time during which they 

explored the map in between levels. The overall ‘computer time’ (average time spent 

behind the computer) was 10-15 minutes per session.  

 

Table 7.3 Descriptive statistics of GraphoGame player data after 13 weeks (N = 33) 

 Min Max Mean SD 

Total playing time (hrs)  3.73 9.69 7.13 1.62 
No. of playing sessions  18 50 37.8 7.9 

Total no. of levels played  198 682 457 124 
Levels played per minute 0.78 1.5 1.07 0.19 
Highest level reached   7 333 193 122 

Total no. of items seen  10413 35744 23930 7206 
Total no. of responses given  2621 8813 6004 1658 

 

7.3.2 Correlations 

Interrelationships among 14 tests (excluding SON-R categories and analogies) and 

the GraphoGame (GG) variables mentioned in Tables 2 and 3, respectively, were 

examined using a correlation matrix (Spearman’s rho) and are listed in Table 7.4. As 

shown, both post-test and follow-up reading and decoding fluency scores correlate 

significantly with the highest GG level reached and the number of levels played per 

minute. At follow-up, reading and decoding fluency additionally correlate significantly 

with the total number of levels played. The correlation data hence show that game 

progress is related to reading and decoding skills. 

No significant correlations were found between reading and decoding fluency and 

total playing time, number of sessions played, the number of items seen, or the 

number of responses given. The latter four GG variables all relate to the duration 

and the number of learning opportunities that were provided to the student. They do 

not, however, inform us about the extent to which the student is able to profit from 

these learning opportunities, its reading and decoding level, or its ability to translate 

GG learning into improved 'real-life' reading and decoding skills.  

As for the RAN tasks, we found significant correlations with several GG variables 

at all three test sessions, with the correlations generally being most apparent at post-

test. Also notable are the significant correlations at post-test and the lack thereof at 

pre-test between the highest level achieved and levels completed per minute on the 

one hand, and the phonological awareness tasks phoneme deletion and auditory 

synthesis on the other. By contrast, looking at both the letter-sound knowledge and 
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number knowledge tasks on the one hand and the GG variables on the other, we 

generally found higher correlations for the pre-test than for the post-test scores.  

 

Table 7.4 Spearman correlations for the GraphoGame variables and reading (-related) skills 

at the pre-, post-, and follow-up tests 

 GraphoGame 

 Highest 
level 

Playing 
time 

Levels 
total 

Level per 
min 

Sessions 
total 

Items  
seen 

No. of 
response 

Pre-test        

Auditory synthesis .360 .107 .136 .153 -.052 .168 .147 

Phoneme deletion .258 .083 .183 .246 .016 .169 .174 

Digit span-forward .432* -.137 .174 .431* -.181 .015 -.021 

Digit span-backward .356 .084 .126 .167 .051 .171 .153 

RAN colours  .553** -.377* .221 .667** -.397* -.033 -.042 

RAN objects  .332 .003 .260 .458* -.090 .129 .132 

RAN digits  .362 -.052 .123 .302 -.063 .024 .030 

RAN letters .693** -.316 .179 .618** -.415* -.156 -.181 

Number knowledge .896** .256 .542** .574** .091 .376* .339 

LS knowledge I .738** .101 .340 .382* -.109 .228 .219 

LS knowledge II .658** .095 .361 .570** -.038 .178 .179 

Post-test        

Reading fluency .811** -.155 .321 .670** -.315 .078 .041 

Decoding fluency .801** -.193 .321 .679** -.313 .092 .049 

Auditory synthesis .564** .126 .468** .473** -.002 .314 .287 

Phoneme deletion .406* -.259 -.076 .392* -.336 -.091 -.126 

Digit span-forward .527** .026 .266 .399* .046 .139 .091 

Digit span-backward .474** .122 .153 .190 .014 .134 .104 

RAN colours  .590** -.146 .319 .540** -.203 .023 .015 

RAN objects  .351* -.050 .313 .474** -.074 .176 .157 

RAN digits  .664** .105 .495** .525** .006 .335 .321 

RAN letters .798** -.110 .434* .673** -.122 .136 .110 

Number knowledge .718** .181 .342 .487** .145 .149 .118 

LS knowledge I .489** .049 .243 .399* .015 .083 .061 

LS knowledge II .576** -.196 .139 .486* -.243 -.029 -.056 

Lexical decision .255 -.277 -.026 .167 -.288 -.094 -.109 

Follow-up        

Reading fluency .798** .033 .480** .660** -.107 .262 .242 

Decoding fluency .848** .025 .555** .722** -.100 .303 .279 

Auditory synthesis .662** -.114 .344 .543** -.187 .169 .156 

Phoneme deletion .262 -.338 -.136 .223 -.408* -.181 -.207 

Digit span-forward -.005 -.236 .025 .156 -.149 -.044 -.066 

Digit span-backward .387* .044 .205 .230 -.049 .289 .286 

RAN colours .573** .090 .515** .592** .004 .332 .340 
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Table 7.4 Continued.       

 GraphoGame 

 
Highest 
level 

Playing 
time 

Levels 
total 

Level per 
min 

Sessions 
total 

Items  
seen 

No. of 
response 

Follow-up        

RAN objects .272 -.100 .217 .264 -.162 .072 .069 

RAN digits .606** .294 .600** .531** .202 .525** .521** 

RAN letters .689** .252 .614** .612** .162 .426* .411* 

Note. LS knowledge = letter-sound knowledge. 

 

Intercorrelations between pre-test (light shaded part) and post-test performance 

(unshaded part) are listed in Table 7.5a, and correlations at follow-up in Table 7.5b. 

In the dark shaded part of Table 7.5a, a number of pre-test - post-test correlations 

are presented to investigate relations between pre-test reading-related skills and 

post-test reading and decoding abilities.  

Reading and decoding fluency correlate significantly with all tasks at post-test 

and follow-up, with the exception of post-lexical decision task, post- and follow-up 

digit span backwards, and follow-up digit span forward. Due to the data not being 

normally distributed, no factor analyses could be conducted. However, the 

correlations do show a factor structure, with reading and decoding fluency being 

strongly correlated to each other at post-test and follow-up, being about equally high 

at both time points. Moreover, all four RAN tasks correlate significantly with each 

other at all three test sessions. Auditory synthesis correlates with phoneme deletion 

at pre-test and follow-up, but not at post-test. Pre-test auditory synthesis and 

phoneme deletion in general show relatively low correlations with other reading-

related skills at pre-test, in line with the non-significant correlations with GG variables 

alluded to above.  

No significant correlation was observed between digit span-forward and 

backward at any of the three test sessions. This is possibly due to the fact that digit 

span-backward appeared relatively difficult for all students regardless of their 

performance on digit span-forward, with mean scores of 0.80 (pre-test), 1.33 (post-

test), and 1.48 correct answers (follow-up) for digit span-backward, compared to 

4.29 (pre-test), 4.76 (post-test), and 4.55 (follow-up) for digit span-forward. Digit 

span-backwards only correlates significantly with pre-test auditory synthesis and 

post-test phoneme deletion. No significant correlations were found at follow-up for 

digit span-backward.  

The results in the dark shaded part of Table 7.5a show a consistent pattern of 

strong correlations for both post-reading and post-decoding fluency with pre-RAN 

colours and letters, pre-test number knowledge, and both pre-test letter-sound 

knowledge tasks. At the α = .05 level, both post-test variables additionally correlate 

with pre-RAN digits.



 

 

G
R

A
P

H
O

G
A

M
E

 S
I:
 D

IG
IT

A
L
 L

E
A

R
N

IN
G

 S
U

P
P

O
R

T
 F

O
R

 R
E

A
D

IN
G

 

 
 
 
 
Table 7.5a Spearman correlations for reading (-related) skills at pre-test (light shaded), post-test (unshaded part), pre-test with post-test 

(diagonal), and for post-test (reading, decoding) with pre-test (dark shaded) 

 
Audit. 

synth. 

Phon. 

del. 

Digit 

span-f 

Digit 

span-b 

RAN 

colour 

RAN 

obj. 

RAN 

digits 

RAN 

letters 

Numb 

know. 

LS 
know. 

I 

LS 
know. 

II 

Read. 

fluen. 

Dec. 

fluen. 

Auditory synth. .207 .450* .240 .537** .287 .191 .273 .214 .625** .477* .318 .290 .328 

Phoneme del. .187 .324 .095 .065 .401* .456* .314 .196 .207 .269 .186 .269 .258 

Digit span-f .532** .158 .557** .270 .596** .320 .176 .351 .403* .237 .148 .276 .257 

Digit span-b .084 .375* .230 .465**  .197 -.067 .406* .133 .599** .349 .232 .239 .284 

RAN colours .414* .347 .460** .214 .773** .574** .421* .688** .405* .241 .156 .542** .553** 

RAN objects .456** .310 .312 .019 .608** .617** .515** .457* .220 .149 .040 .313 .306 

RAN digits .551** .163 .625** .137 .590** .573** .566** .435* .479* .183 .048 .452* .465* 

RAN letters .580** .348 .514** .197 .603** .471** .745** .670** .625** .457* .243 .761** .761** 

Number knowl. .538** .461* .593** .517** .357 .364 .513** .551** .800** .722** .555** .695** .718** 

LS knowledge I .447* .007 .248 .106 .018 .038 .152 .379 .503** .215 .605** .617** .634** 

LS knowledge II .458* .378 .393* .270 .247 .259 .289 .503* .650** .622** .613** .612** .578** 

Reading fluency .490** .453** .481** .300 .564** .428* .608** .731** .601** .440* .735** - - 

Decoding fluency .506** .463** .475** .256 .555** .519** .631** .792** .600** .449* .707** .969** - 

Lexical decision -.034 .086 .257 .117 .057 -.063 .257 .032 .285 .055 .219 .277 .289 

Note. LS knowledge = letter-sound knowledge. 

** Correlation is significant at the 0.01 level (2-tailed). 
          

* Correlation is significant at the 0.05 level (2-tailed). 
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Table 7.5b Spearman correlations between reading (-related) skills at follow-up 

 

 

Audit. 

Synth. 

Phoneme 

deletion 

Digit 

span-f 

Digit 

span-b 

RAN 

colours 

RAN 

obj. 

RAN 

digits 

RAN 

letters 

Reading 

fluency 

Decoding 

fluency 

Auditory synthesis 1.000 .364* .361* .326 .574** .370* .537** .674** .710** .723** 

Phoneme deletion  1.000 .263 .156 .230 .168 .067 .304 .512** .436* 

Digit span-forward   1.000 .092 .179 .049 -.018 .150 .143 .142 

Digit span-backward    1.000 .438* .133 .216 .174 .277 .280 

RAN colours     1.000 .505** .565** .528** .485** .539** 

RAN objects      1.000 .633** .525** .358* .434* 

RAN digits       1.000 .792** .676** .692** 

RAN letters        1.000 .835** .829** 

Reading fluency         1.000 .931** 

Decoding fluency          1.000 

** Correlation is significant at the 0.01 level (2-tailed)       

* Correlation is significant at the 0.05 level (2-tailed) 
 

      



GRAPHOGAME SI: DIGITAL LEARNING SUPPORT FOR READING 

175 

7.3.3 Regression 

A linear regression analysis was conducted to determine whether post-test and 

follow-up reading and decoding fluency was predicted by progress in the game. 

Those GraphoGame (GG) variables that correlated significantly with the specific 

dependent variable (see Table 7.4) were included in the regression equations. At 

post-test, this came down to the highest level reached and the number of levels 

played per minute (Spearman’s rho = .757 between these two variables). At follow-

up, a third GG variable was included, namely the total numbers of levels played 

(Spearman’s rho = .636 for levels total and highest level; Spearman’s rho = .615 for 

levels total and levels per minute). Prior to each regression analysis, we checked 

whether the standardized residuals of the variables included were normally 

distributed, which they were. 

When looking at the individual variables at post-test, we found a significant main 

effect for levels per minute on reading fluency when manually added to the model 

first (ß = 0.63, t = 4.55, p < .001), but this effect was no longer significant when the 

highest level was also included (see upper part of Table 7.6); highest level became 

the only significant contributor to the prediction of post-test reading fluency in this 

model. A similar pattern of significance was found for post-test decoding fluency as 

the dependent variable, with levels per minute being significant before (ß = 0.65, t = 

4.72, p <.001) but not after adding the highest level to the regression equation (see 

Table 7.6). At follow-up, the total levels variable contributed significantly to the 

prediction of reading and decoding fluency by itself, as is shown by the regression 

results (reading: ß = 0.44, t = 2.63, p = .013; decoding: ß = 0.50, t = 3.09, p <.004). 

In the full regression model, however, total levels played became a negative 

predictor of both reading and decoding fluency after additionally including the highest 

level reached and the number of levels per minute, which is reflected by the negative 

standardized beta values in Table 7.6; in the full model, the latter two variables 

explained that part of the variance that was previously explained by total levels 

played. As mentioned earlier in this paragraph, highest level reached and number of 

levels per minute strongly correlated to each other, as well as to the total number of 

levels played, follow-up reading, and follow-up decoding fluency (see Table 7.4), 

although not to such an extent that multicollinearity is a concern. This may have 

resulted in a statistical phenomenon called net suppression (Cohen & Cohen, 1975), 

where there is a reversal of the sign of the weaker predictor, i.e. total levels, after 

controlling for one or more overlapping stronger predictors, which in this model are 

highest level and number of levels per minute. The outcome that total levels played 

is negatively related to reading and decoding fluency at follow-up is thus the result 

of the combination of variables in the statistical model.  
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As letter knowledge has been shown to be an important predictor of initial reading 

skills, especially in transparent orthographies (Caravolas et al., 2013; Winskel & 

Widjaja, 2007; Lyytinen et al., 2008), we ran another linear regression analysis to 

further investigate the relationship between knowledge of grapheme-phoneme 

correspondences at pre-test and reading and decoding fluency at post-test (see 

middle part of Table 7.6). With both pre-test letter-sound knowledge tasks as 

independent variables, we found significant main effects for letter-sound knowledge 

I (LS I) on reading and decoding fluency when manually added to the models first, 

but after adding letter-sound knowledge II (LS II), the latter variable remained the 

only significant predictor of reading and decoding in these equations, as is shown by 

the results presented in Table 7.6.  

We were additionally interested in determining whether the relationship between 

pre-test LS II and post-test reading and/or decoding fluency was modulated by the 

student’s highest level reached. Prior to this analysis, we standardized the scores of 

all four variables included and created a pre-LS II × GG highest-level interaction 

variable. We found significant main effects for pre-LS II and GG highest level on both 

post-reading fluency and decoding fluency, as well as significant pre-LS II × GG 

highest level interaction effects (see lower part of Table 7.6). 
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    Table 7.6 Linear regression equations with reading/decoding fluency as the dependent variable 

         

   ß  t p-value R² F df p-value 

Dependent variable Independent variables    Full model  

Post-reading fluency GG Highest level .63 3.31 .002*     
 GG Levels per minute .14 .75 .461 .56 19.2 2,30 <.001 

Post-decoding fluency GG Highest level  .60 3.17 .004*     

 GG Levels per minute .18 .94 .356 .56 19.4 2,30 <.001 

Follow-up reading fluency GG Highest level .861 4.72 <.001*     
 GG Levels total -.338 -2.13 .042*     

 GG Levels per minute .235 1.38 .179 .70 20.6 3,27 <.001 

Follow-up decoding fluency GG Highest level .812 4.91 <.001*     

 GG Levels per minute .296 1.91 .066     
 GG Levels total -.284 -1.98 .058 .75 27.1 3,27 <.001 

Post-reading fluency Pre-LS knowledge II .444 2.367 .026*     

 Pre-LS knowledge I .319 1.703 .101 .47 10.7 2,24 <.001 

Post-decoding fluency Pre-LS knowledge II .481 2.524 .019*     
 Pre-LS knowledge I .261 1.367 .184 .45 9.9 2,24 .001 

Post-reading fluency Pre-LS knowledge II .320 2.465 .022*     
 GG highest level .551 4.242 <.001*     
 Pre-LS II × Highest level .352 3.398 .002* .76 23.7 3,23 <.001 

Post-decoding fluency Pre-LS knowledge II .309 2.448 .022*     
 GG highest level .573 4.537 <.001*     

 Pre-LS II × Highest level .346 3.431 .002* .77 25.5 3,23 <.001 

    Note. GG = GraphoGame. Pre-LS II × Highest level = interaction variable Pre-test letter-sound knowledge II × GG Highest level. 

       All parameters were added simultaneously to the model presented in the table above.  
*       Significant at the 0.05 level.
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To further investigate the interaction of GG highest level and pre-test LS II, we 

plotted the model predictions in Figures 1 and 2 for low (z-score = -1) and high (z-

score = 1) scores on GG highest level reached, and for continuous standardized 

data on pre-test LS II. Mean post-reading and decoding fluency scores of students 

with average to above-average pre-test letter-sound knowledge (II) (z-scores 0, +1 

and +2) differed significantly between the two GG progress levels. Both figures show 

that while the post-reading and decoding performance of students with below-

average pre-test letter-sound knowledge was not moderated by the amount of game 

progress made, for students with average to above-average letter-sound knowledge 

the model described a significant difference in post-reading and decoding fluency 

scores between low and high game progress.  

It is worth noting, however, that when we cross-tabulated the students in our 

sample, we found that all students who scored high on GG highest level reached (z-

score = 1; pink lines in Figures 1 and 2) had average to above-average z-scores (z-

scores > -1) on pre-test letter-sound knowledge. Hence although students in our 

sample with below-average letter-sound knowledge at pre-test were able to make 

average game progress, they were not among those students getting the furthest in 

the game. Similarly, all students who scored low on GG highest level (z-score = -1; 

blue lines in Figures 1 and 2), had below-average to average z-scores (z-scores < 

1) on pre-test letter-sound knowledge and hence none of them started off with an 

above-average score (z-scores ≥ 1).  

 

 
Figure 7.1 Plot of the pre-LS II × GG highest-level interaction effect, with post-reading fluency 

as the dependent variable  
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Figure 7.2 Plot of the pre-LS II × GG highest-level interaction effect, with post-decoding 

fluency as the dependent variable 

 

7.4  DISCUSSION 

This second pilot study provides a next step in the assessment of GraphoGame 

Standard Indonesian (GraphoGame SI) as a playful, efficient, and effective 

intervention promoting reading (and reading-related) skills in beginning readers. An 

earlier pilot study (Borleffs et al., 2017) showed promising results for the condensed 

version of the game in typical and struggling first-grade readers in a school in the 

city of Medan. In the present study, we tested the main game design in first-graders 

of an elementary school situated in an outskirt of Medan, where we aimed at five 10-

15 minute playing sessions a week for optimal concentration and automatization of 

reading-related skills (also see Richardson & Lyytinen, 2014) in line with other 

GraphoGame effectiveness studies (e.g. Kyle et al., 2013; Saine et al., 2010).  

Although large-scale randomized controlled studies are needed to confirm the 

effectiveness of GraphoGame SI, our correlation results show that progress in the 

game (as measured as highest game level reached, the total number of levels 

played, and the average number of levels played per minute) and several of the 

reading-related skills we assessed are significantly related to reading and decoding 

fluency skills. Our regression analyses point out that in the present sample especially 

the highest GG level reached and letter-sound knowledge were significant predictors 

of gains in reading and decoding fluency. We also noted a moderation effect of the 

highest level reached on the post-test reading and decoding abilities of students with 

average to above average pre-test letter-sound knowledge; the better the students’ 

knowledge of grapheme-phoneme correspondences at pre-test were, the larger the 

effect of game progress was in terms of reading and decoding fluency at post-test. 
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No such significant difference was found between high and low game progress in 

students with below average letter-sound knowledge at pre-test.  

A challenge GraphoGame SI likely shares with other reading-support methods, 

is that at the start of first grade, students' initial reading-related skills can vary greatly. 

The results presented above indicate that students may need a basic level of 

understanding of grapheme-phoneme correspondences to be able to profit 

sufficiently from the game. In Indonesia, primary schooling (sekolah dasar) begins 

at the age of six for most children and is compulsory for all. During pre-reading 

instruction in the second year of kindergarten, students generally start to acquire 

some letter knowledge but the enrolment of children in early childhood programs 

(e.g. playgroup, kindergarten) is limited in Indonesia, with families living above the 

poverty line being more likely to enrol their children in such programs than are 

families living in poverty (World Bank, 2006). Moreover, educational services in 

Indonesia are biased towards urban areas where the percentage of children 

attending preschool programs in 2003 was twice as high as it was in rural areas 

(Sardjunani & Suryadi, 2005, cited by Sardjunani, Suryadi, & Dunkelberg, 2007). 

Thirty-one of the 33 first-graders living in an outskirt of Medan with low to middle 

socioeconomic backgrounds we tested had attended kindergarten for one year only, 

while two students had no kindergarten experience. Initial levels of reading-related 

skills varied greatly on some pre-test tasks and may additionally have, on average, 

been slightly lower in our sample than they would have been in urban first-graders 

from higher socioeconomic families with two full years of kindergarten.  

In line with the above, it is worth noting that ten of the 33 students (30.3%) had 

completed all 333 levels prior to or by the end of the last (i.e. 50th) GG session, after 

an average of 37 sessions (range: 27-50) and 7.19 of playing hours (range: 5.69-

9.49; SD: 1.29). Six students (18.2%), on the other hand, were still struggling with 

the first 20% of the levels (i.e. levels 66 and below) after a mean of 35 sessions 

(range: 24-46) and 5.97 hours (range: 4.03-9.11; SD: 1.70) of gameplay. When 

analyzing the data of these two subgroups further, we observed that, whereas the z-

scores11 of the good players on both pre-test letter-sound knowledge tasks varied 

between average and above average, the z-scores among the struggling players 

ranged from below average to average. By contrast, for pre-auditory synthesis and 

pre-phoneme deletion, we computed less between-subgroup variation, with z-scores 

varying from average to above average in the high performers and all z-scores being 

average for the struggling players. It should be noted, however, that the number of 

students included in these comparative analyses is very small (i.e. 7-9 good versus 

5-6 struggling players from a total of 33 students). Nonetheless, the generally higher 

scores on the letter-sound knowledge tasks for the game completers versus the 20% 

                                                             
11 Below average: z-scores ≤ -1; average: -1 < z-scores < 1; above average: z-scores ≥ 1. 
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group, and the groups' more similar scores on the phonological awareness tasks 

(auditory synthesis and phoneme deletion) are in line with our observations 

regarding the correlations between these four tasks and GG variables, including the 

highest level reached; whereas post-test correlations were significant between the 

GG variables highest level and levels per minute, and the phoneme deletion and 

auditory synthesis (phonological awareness) tasks, no significant correlations 

between these tasks were found at pre-test. Performance on both letter-sound 

knowledge tasks, on the other hand, did show significant correlations with the 

aforementioned GG variables at pre- as well as post-test (see Table 7.4). These data 

indicate that the strength of the correlation may very well depend on the student's 

developmental stage. Letter knowledge and phoneme awareness are both critical 

skills related to reading development (Caravolas et al., 2013). It is possible, however, 

that whereas letter-sound knowledge was already sufficiently established at pre-test, 

phonological awareness skills were not.  

As mentioned in the correlation section of this paper, we generally obtained low 

pre-test correlations for both phonological awareness tasks and other reading-

related skills. With mean pre-test scores of 1.90 and 0.47 on phoneme deletion and 

auditory synthesis, respectively, these non-significant correlations with highest level 

and levels per minute may have been (partly) caused by a floor effect. Especially in 

transparent orthographies in which letters correspond to sounds in a highly 

predictable way, letter knowledge has been shown to be a powerful predictor of early 

reading acquisition (Caravolas et al., 2013; Winskel & Widjaja, 2007; Lyytinen et al., 

2008). Phonological awareness and reading may be mainly reciprocally rather than 

causally related (also see Blomert and Willems, 2010; Ziegler et al., 2010), with these 

skills developing later contingent upon reading acquisition progress.  

Reading acquisition in SI has as yet not been extensively studied and some of 

the tests we used still require further optimization and validation (also see Borleffs et 

al., 2017; Jap et al., 2017). Other limitations of our pilot are the relatively small 

sample and the fact that the students all stemmed from lower to middle 

socioeconomic families, that all attended the same elementary school, and all spoke 

SI as their first language. Our results can hence not be generalized to the wider 

Indonesian primary-school population. Large-scale studies gauging beginning 

readers from various ethnic and socio-economic backgrounds living in different parts 

of Indonesia, attending both private and public schools either in urban or rural areas 

while using active and passive control groups are required to establish the wider 

effectiveness of GraphoGame SI in promoting reading and reading-related skills. 

Considering the fact that the main game design merely offers players more 

opportunities to practice the same game content than the condensed version does, 

our group (Borleffs et al., 2017) questioned the added benefit of extended training 

using the same grapheme-phoneme correspondences, syllables and words for those 
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students who are able to attain decoding fluency with regular classroom instruction 

and the short version played 1-2 hours spread out over several weeks and sessions. 

Due to its highly transparent orthography (Winskel & Widjaja, 2007), in SI fluency in 

word decoding is expected to be attained by learning the grapheme-phoneme 

correspondences and then by basically putting together the different sounds of 

written words (Richardson & Lyytinen, 2014). We (Borleffs et al., 2017) hence argued 

that for proficient players, the compressed game design may already provide 

sufficient practice to ensure automatization of decoding skills, while struggling 

players may benefit more from the full game where the extra practice may help 

improve their lagging reading and decoding skills.  

To conclude, this second pilot study evaluating the main GraphoGame SI design 

further validates our digital reading intervention by showing once more (also see 

Borleffs et al., 2017) that there is a relationship between progress and reading and 

decoding proficiency as tested shortly after the last playing session and at four 

months. The present results also revealed that even after an average of 35 10-

minute playing sessions, six students from our current sample still showed persistent 

reading and decoding difficulties. There may have been various factors that (partly) 

influenced our results. In future research it may be worthwhile to also assess 

motivation, familiarity with the use of a computer (even though a short training was 

provided to all students), familiarity with the type of assessment used, or other 

(reading-related) classroom activities. We may also find that persistently struggling 

readers require more explicit instructions and feedback than our current game 

environment provides. 

Another alternative explanation is that such ‘non-responders’ might be at risk of 

developing serious reading deficits. Future research will need to uncover why some 

students do and others do not seem to benefit sufficiently from the game and which 

adjustments are necessary to increase GraphoGame SI’s effectiveness. Potentially, 

maintaining the same workable playing frequency (i.e. about 3 10-min sessions a 

week) but extending the playing period from 13 weeks to four to six months may 

enable the poorer readers to benefit from the game. For those students, thirteen 

weeks of gameplay may have been too short to firmly establish their letter-sound 

knowledge and to build up their phonological awareness skills (see Glatz et al., 

submitted, for a similar view). Moreover, based on the preliminary but promising 

results we obtained with GraphoGame SI so far, another aspect worth investigating 

would be whether the tool might have potential as a diagnostic instrument in the early 

identification of readers at risk of developing serious reading deficits or dyslexia while 

simultaneously offering additional learning opportunities. Whether such a digital tool 

could be integrated into teaching practices and be effectively used to diagnose and 

support struggling readers, will to a large extend depend on access to suitable 

equipment and internet connections at schools as well as the teachers' attitude 
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towards classroom technology where cultural and age-related factors may play a 

role.  

The advantages of an online digital game environment are enormous in that, for 

instance, playing time and progress can easily be monitored, student exposure to a 

large number of high quality stimuli is high, the player’s progress is automatically 

synchronized on all connected devices while the game is automatically updated. Still, 

the availability of sufficient digital devices at school or at home may at the same time 

create the most fundamental obstacle in how students gain access to the game 

(Richardson & Lyytinen, 2014; Ojanen et al., 2015). With internet subscriptions and 

technological devices becoming more affordable, however, and with the number and 

spread of digital devices increasing rapidly around the world, in the nearby future 

this will hopefully become increasingly less consequential for students in developing 

countries such as Indonesia.
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8.1  INTRODUCTION 

The ability to read is an essential skill in modern societies. Most children become 

proficient readers if they are provided with adequate learning opportunities, have no 

significant sensory deficit, and if their cognitive capacity is not severely compromised 

(Richardson & Lyytinen, 2014). Unfortunately, however, this does not apply to all. 

Dyslexia is the most common learning disability (Cortiella & Horowitz, 2014) and 

occurs in all languages (Shaywitz et al., 2008), even though the specific orthography 

to be acquired has been identified as having a great impact on reading acquisition 

and dyslexia (Ziegler & Goswami, 2005; Seymour et al., 2003). Dyslexic students 

face persisting problems with reading and spelling, with possible negative effects on 

their cognitive development, school motivation, well-being, and self-esteem (Lovio 

et al., 2012). Early identification of those students who are at risk of developing 

serious reading deficits and the provision of effective support are therefore of great 

importance to break the vicious cycle of negative learning experiences and to 

minimize the sequelae of developing or ongoing reading disabilities.  

The past decades have seen progress being made in our understanding of typical 

reading development and the causes of deficits in the acquisition process. Research 

on reading and writing, however, has traditionally focused on a limited number of 

European languages, in particular English, a language with an exceptionally 

inconsistent and irregular orthography (Share, 2008). More recently, research on 

reading and spelling in other languages and scripts has been receiving increased 

attention (Landerl et al., 2013; Moll et al., 2014; Peterson & Pennington, 2015; 

Winskel, 2013). Yet, whereas the body of research focusing on East Asian 

languages is growing (i.e. Chinese, Japanese and Korean), still very little research 

has been conducted on reading and spelling development in languages of Southeast 

Asia, among which is the highly transparent Standard Indonesian (SI) language.  

To the best of our knowledge, prior to this PhD research project, neither had there 

been developed a standardized assessment battery to identify students with or at 

risk of developing dyslexia, nor a standardized intervention scheme to support 

struggling readers in SI. The general aims of this thesis were therefore 1) to gain 

more insight into orthographic differences and their impact on reading and dyslexia, 

2) to compose a test battery to facilitate the assessment of reading difficulties in 

young readers of SI, and 3) to develop an SI version of the computerized-reading 

intervention tool GraphoGame, and test its effectiveness in first grade readers of SI.  

In what follows, the results of the previous chapters are summarized. Main 

findings are discussed in relation to existing literature, and future perspectives are 

addressed.  
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8.2  ORTHOGRAPHIC DIFFERENCES AND THEIR IMPACT ON READING 

DEVELOPMENT 

In Chapter 2, we discussed the orthographic transparency, syllabic complexity, and 

morphological complexity of alphabetic languages in relation to reading acquisition 

and dyslexia. Following that, in Chapter 3, we reviewed various metrics proposed in 

the literature for quantifying these three concepts in alphabetic languages.  

At a general level of description, all researchers agree that the basic processes 

of reading are the same for all languages, for instance in terms of matching inputs to 

memory, association, retrieval, decomposition, decoding, and assembly. Above and 

beyond these universals, however, important differences do emerge at more detailed 

levels. The way in which phonological, orthographic, and morphological processes 

function, is shaped by the specific orthography being used, necessitating 

orthographic-specific strategies when learning to read. With improving skills, the 

reader increasingly manages to adapt reading procedures to the demands of the 

writing system to thus improve reading efficiency. These specific and vital 

adjustments that depend on the orthography used, have implications for new readers 

and the development of reading difficulties like dyslexia. Despite our growing insight 

in these processes we still need to learn more about orthographic differences and 

about how to take advantage of language-specific orthographic, syllabic, and 

morphological sources of information. 

Considering the above, detailed knowledge of differences between orthographies 

and metrics to measure these differences can provide a stepping stone in the 

development of language-specific reading instructions and interventions. The 

development of reliable metrics to measure differences between language scripts, 

however, hasn’t received much attention so far. Based on the review presented in 

Chapter 3, we concluded that although the predictive value of these metrics is 

promising, more research is needed to validate the value of the metrics discussed 

and to understand the ‘developmental footprint’ of orthographic transparency, 

morphological complexity and syllabic complexity in the lexical organization and 

processing strategies being developed. One general difficulty was the variety in 

definitions of orthographic transparency, morphological complexity and syllabic 

complexity used. To make predictions about whether, and if so how, any of these 

orthographic aspects might affect reading acquisition and skilled reading, one cannot 

go without a clear and widely accepted definition of the specific aspect studied.  

Regardless of such limitations, the studies discussed in both Chapter 2 and 3 do 

trigger our thoughts about the complexity or simplicity of languages. There is general 

consensus about the approximate classification of several languages in terms of 

their orthographic transparency (e.g. Seymour et al., 2003). Considering 

orthographic transparency as a continuum, one can be certain about its extreme 



CHAPTER 8 

188 

positions (e.g. the regular Finnish orthography at one extreme and the irregular 

English orthography at the other), even though the objective location of each 

orthography on this transparency continuum may remain uncertain (Aro, 2004). 

Studies have suggested that with regard to reading acquisition, transparent 

orthographies with high grapheme-phoneme consistency are more easily acquired 

than opaque and complex writing systems featuring a large number of inconsistent 

and irregular spellings (Aro & Wimmer, 2003; Seymour et al., 2003). From a 

transparency point of view, reading fluency in Finnish would hence be easier to 

acquire than in English. When it comes to word-recognition, however, characteristics 

of the Finnish morphology reduce the effectiveness of these ‘beneficial’ factors as 

the majority of Finnish words are polysyllabic and tend to be long due to the highly 

productive compounding, a rich derivational system, and agglutinative morphology 

(Aro, 2004; Lyytinen et al., 2006). English scores the lowest on the morphological 

complexity measures type-token ratio (TTR), moving-average type-token ratio 

(MATTR), and Juola method (Kettunen, 2014) among all languages included, 

whereas Finnish was found to be the most (or second most) morphologically 

complex language. Nonetheless, behavioural research has shown that more than 

95% of Finnish students acquires accurate reading skills during the first year of 

reading instruction (Holopainen et al., 2001), while the rate of early reading 

acquisition was suggested to be slower by a ratio of about 2.5:1 in English than in 

most European orthographies (Seymour et al., 2003).  

In opaque orthographies such as English or Danish, the mastery of the alphabetic 

principle provides only part of the key for decoding and many words cannot be 

sounded out accurately without having access to the stored phonological 

representation of the whole word. Some researchers have hypothesized that there 

is a threshold which, once exceeded, results in an abrupt change in the way 

foundation literacy is acquired; according to Seymour et al. (2003) reading 

acquisition in the deeper orthographies (e.g. Portuguese, French, Danish, English) 

may be based on the formation of a dual (a logographic and an alphabetic) 

foundation, which takes more than twice as long to attain as the single (alphabetic) 

process when learning a shallow orthography (e.g. Dutch, Finnish, German, Greek, 

Icelandic, Italian, Norwegian, Spanish, and Swedish). Rather than focusing on two 

separate processing routes, others have focused on the different sizes of the 

orthographic units the reader uses during reading and decoding (Ziegler & Goswami, 

2005). Ziegler and Goswami hypothesize that in orthographically consistent 

alphabetic languages children rely heavily on grapheme–phoneme recoding 

strategies as these correspondences are relatively consistent, whereas in less 

consistent orthographies, children cannot use smaller grapheme units as easily 

because smaller grain sizes tend to be less consistent than larger grain sizes 

(Treiman et al., 1995). This may well lead to the development of multiple decoding 
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strategies that enable the learner to decode at several different grain sizes, 

supplementing grapheme-phoneme correspondences with the recognition of letter 

patterns for rimes and attempts at whole-word recognition (Ziegler & Goswami, 

2005), which demands the engagement of a wider range of cognitive skills. 

Interestingly, although variation in orthographic depth may indeed result in 

differences in the rate of reading development, several researchers have argued that 

still the same cognitive mechanisms are underlying reading acquisition across 

different languages (Caravolas et al., 2013; Perfetti & Harris, 2013; Vaessen et al., 

2010).  

In languages in which the morphological structure of a given word hardly ever 

changes depending on its function in the sentence or the phrase it belongs to, a word 

that has been stored in the lexicon will be retrieved with little effort (Acha et al., 2010). 

In contrast, the agglutinative nature of the Finnish (or Turkish, Basque) 

morphological system results in words of considerable length that contain multiple 

parts of the semantic information. Yet, more than one third of Finnish children is able 

to read before the start of formal reading instruction (Holopainen et al., 2001). This 

suggests that Finnish children acquire efficient strategies to overcome the potential 

difficulty resulting from the morphological complexity of the Finnish language. 

Finnish children have been argued to be highly oriented toward the details of spoken 

language in order for them to differentiate words with small (single phonemic) 

variations. This would account for the large number of exceptional inflections that 

are already understood by Finnish children at school-entry age (Torppa et al., 2010). 

Whereas Finnish children use the grapheme–phoneme correspondences to read 

Finnish words during their first school year (Holopainen, Ahonen, & Lyytinen, 2002), 

in the third year they have been shown to read morphologically complex words better 

and faster than mono-morphemic words, especially if the words are low-frequency 

words (Bertram, Laine, & Virkkala, 2000). These findings suggest that children learn 

to recognize Finnish words through the recognition of their constituent stems and 

morphemes (Acha et al., 2010). It has even been suggested that only very high-

frequency inflected words may be stored as whole word representations while the 

majority of inflected Finnish words seem to be represented in decomposed form 

(Vartiainen et al., 2009). Adult readers of Finnish have been argued to switch 

between the use of lexical and phonological processing strategies, both within and 

between words depending on the familiarity, structure and length of the word. In 

dyslexic readers, however, these phonological and orthographic processes seem to 

be less tightly integrated, resulting in a less effective predominant reliance on one or 

the other processing mode (Leinonen et al., 2001). Still, reading fluency rather than 

accuracy is seen as the most central factor being compromised among dyslexic 

readers in transparent orthographies such as Finnish (Lyytinen et al., 2015).  
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With regard to the syllabic complexity measures, the results of the data-driven 

automatic syllabification algorithm (SbA) by Adsett and Marchand (2010) were in line 

with previous work applying a structural (Ramus et al., 1999) and behavioural 

approach (Seymour et al., 2003), and resulted in similar distinctions between 

orthographies. Using their SbA-algorithm, Adsett and Marchand ranked languages 

based on the difficulty to automatically syllabify the language, whereby an increased 

difficulty to syllabify signified increased syllabic complexity. Ramus et al. (1999) used 

the duration of vocalic and consonantal intervals as indicators of syllabic structure 

and complexity (also referred to as timing; Aravaniti & Rodriquez, 2013), whereas 

Seymour et al. (2003) investigated the number of open versus closed syllables and 

consonant clusters. When comparing Adsett and Marchand’s SbA-pronunciation 

results for Dutch, English, French, Italian, and Spanish with the speech results 

Ramus et al. (1999) had obtained for these languages, lower word accuracies were 

obtained in the SbA-pronunciation domain (feedforward direction) for the languages 

judged by Ramus et al. to have a more complex syllabic structure (Dutch and 

English) than those believed to be syllabically less complex (French, Italian, and 

Spanish). Word accuracy was quantified as the number of words syllabified by the 

SbA-method in exactly the same way as was given in the lexicon for that language. 

Seymour et al. recorded significantly lower error rates during pseudoword reading in 

first- and second-grade children whose native language was Finnish, French, Greek, 

Italian, Spanish, or Portuguese (all languages that Seymour et al. perceived as 

having simple syllable structures), compared to error rates for the children learning 

to read languages they considered to be syllabically more complex (Austrian, 

Danish, Dutch, English, German, Icelandic, Norwegian, and Swedish). 

Syllabic complexity is thought to affect how readily children become sensitive to 

the phonological structure of language (Duncan et al., 2006). Children who speak 

French, a language regarded as having a relatively simple syllabic structure 

characterized by a predominance of open syllables, were found to demonstrate more 

phonological awareness prior to any formal instruction than their counterparts 

speaking the syllabically more complex English language (Duncan et al., 2006). 

Several studies support the hypothesis that specifically consonant clusters may pose 

an additional problem to the young learner (e.g. Lee & Wheldall, 2011; Seymour et 

al., 2003; Treiman & Weatherston, 1992). The embedding of grapheme-phoneme 

correspondences in consonant clusters has even been suggested to impede the 

reading acquisition process (Seymour et al., 2003). Correspondences between the 

grapheme ‘p’ and phoneme /p/ in English, for example, occur in isolation but also in 

various consonant clusters such as ‘sp’, ‘spr’, and ‘mple’. Arguably, in languages 

with a greater syllabic complexity, material for new readers will necessarily require 

more skill in recognizing such correspondences in clusters, slowing down the 

learning process. Clusters are possibly treated as phonological units and are difficult 
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to split into phonemes (Treiman, 1991). The high level of co-articulation in the 

consonant phonemes in the cluster might exacerbate the problem (Serrano & Defior, 

2012).  

For future research, we would suggest that more cross-linguistic studies be 

conducted comparing two orthographies which are similar on as many aspects as 

possible, but different on the particular component of interest. Furthermore, within-

language studies (e.g. using vowelized and unvowelized scripts in Hebrew) that are 

capable of isolating a particular aspect that has been argued to drive cross-linguistic 

differences may also provide valuable information. The measures proposed in 

Chapter 3 may be used to compare languages on the specific aspect investigated or 

may provide a starting point for other research focusing on the development of 

quantitative measures. Knowing that this will be a difficult task, various studies will 

need to be conducted on the same set of orthographies, and these studies will need 

to be replicated in other languages. Moreover, the proposed complexity rankings will 

need to be supported by behavioural data of reading acquisition and skilled reading 

to validate their value in the study of reading development and to teach us more 

about techniques to help struggling readers to take advantage of language specific 

orthographic, syllabic, or morphological resources.  

 

8.3  SCREENING AND ASSESSMENT OF CHILDREN LEARNING TO READ IN SI  

8.3.1 Test battery and diagnostic criteria 

In Chapter 4, we described the development of a test battery to facilitate the 

assessment of reading acquisition in SI and the early detection of reading difficulties. 

Moreover, we presented the first data obtained with this battery among 139 first- and 

second-graders recruited from elementary schools in Jakarta (Java), and proposed 

preliminary criteria for the categorization of beginner-readers of SI as ‘typical 

readers’ or readers ‘at risk of dyslexia’ based on the outcomes for reading and 

decoding fluency and spelling. In Chapter 5, we further analysed the Jakarta data, 

and combined those data with the test results of an additional sample of 146 second- 

and third-graders recruited in Medan (Sumatra), with the aim to investigate profiles 

of cognitive predictors of reading found among young readers of SI, and to test the 

fit of single versus multiple deficit models of dyslexia to individuals categorized as 

‘typical readers’ and ‘at risk of dyslexia’ by using part of the in Chapter 4 described 

test battery. 

 The initial test battery consisted of nine reading and reading-related tasks 

assessing word reading, pseudoword reading, arithmetic, rapid automatized naming, 

phoneme deletion, forward and backward digit span, verbal fluency, and passive 

(orthographic choice test) and active spelling (writing to dictation). A selection of 

these tests was also used in Chapters 5 to 7, with the inclusion of an additional 
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auditory synthesis task and two subtasks of the SON-R in Chapters 6 and 7. The 

need for future research to further investigate the reliability of our measures, to 

standardize the preliminary norm scores, and to fine-tune our at-risk criteria has been 

stipulated more than once in the past chapters. Strong correlations between reading 

fluency, decoding fluency, and the reading related skills, in addition to a reoccurring 

factor structure in the four subsamples described in Chapter 5 (Table 5.3; see 

Chapter 4, Table 4.4, for additional factor analyses conducted on the Jakarta 

sample), however, have so far provided support for the reliability of our test battery. 

To collect more generalizable normative data, large scale assessments including 

different age groups need to be conducted in other parts of the country including a 

larger variety of ethnic groups and different socio-economic backgrounds than only 

those included in the Jakarta and Medan samples. 

Based on our categorization criteria selecting the lowest 10% of readers, 

decoders and/or spellers, 17% of the first graders, 14-18% of the second graders 

and 15% of the third graders were categorized as being at risk of dyslexia (see Table 

5.4). These numbers are relatively high compared to the general prevalence rates 

found in other languages. Prevalence rates vary according to definitions and 

diagnostic criteria, but are generally assumed to lie between 5-10% for alphabetic 

orthographies, with relatively low rates occurring in the more transparent 

orthographies, and with numbers exceeding 10% for the exceptionally opaque 

English orthography (Habib & Giraud, 2013; Shaywitz, 1998). It seems therefore 

unlikely that all students that were labelled as ‘at risk of dyslexia’ in our SI sample 

are indeed dyslexic or will develop dyslexia in the future.  

A possible explanation for these high rates could be that the reading tests 

developed were slightly too easy considering the relatively high reading levels in our 

sample (see Table 5.5), which may have reduced the discriminatory power of our 

tasks. High accuracy levels already at the end of first grade are not uncommon in 

transparent orthographies such as SI. Reading accuracy for pseudowords was 

already around 85% at the end of first grade for the German, Dutch, Spanish, and 

Finnish children and over 90% for the Swedish children included in Aro and 

Wimmer’s study (2003). By contrast, the English students had achieved a 50% 

accuracy level only. Moreover, a relatively small number of students that were 

categorized as ‘at risk’ across grades based on their reading and/or decoding scores 

(i.e. 11 out of 43 in Table 5.4), fell within the lowest 10% on both reading and 

decoding tasks, whereas the remaining 32 students were classified as ‘at risk’ based 

on one of the tasks only, with the other score being above 10% (and below percentile 

40). This may have resulted in the overall ‘at risk’ rate of 16%, well above 10%. In 

the combined sample, reading and decoding fluency correlated at .751. When 

looking at individuals grades, we found correlations of .842 (Jakarta grade 1), .566 

(Jakarta grade 2), .697 (Medan grade 2), and .740 (Medan grade 3). Higher 
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correlations could have resulted in more overlap between categories and hence in 

lower at risk rates.  

One possible solution for the relatively high at-risk prevalence rates in our sample 

would be to adjust our criteria. Reading scores of 1 to 1.5SD below grade level are 

widely accepted in research and clinical practice as standard criteria for dyslexia 

(Landerl et al., 2013), and an increase of the current 1.28SD to 1.5SD below the 

subsample’s mean would select the lowest 6-7% of the scores instead of the lowest 

10%. This, however, does not have our preference. As our assessment battery has 

only recently been developed, a first step would be to optimize our reading and 

spelling tests to further augment their reliability and discriminatory potential. Our 

word reading task was modelled on an existing one minute reading task (i.e. EMT, 

Brus & Voeten, 1979) with its content being drawn from commonly used first grade 

Indonesian textbooks. The words included ranged from one to four syllables in length 

(e.g. es ‘ice’; mata ‘eye’; menyenangkan ‘pleasant’). As a first adjustment we would 

suggest to increase the length and complexity of the reading fluency task by turning 

our one minute reading task into a three minute task, in which the students would 

have to read three times for a duration of one minute (similar to the Dutch DMT 

[Three Minute Test], CITO). Sections one to three of this new test would need to 

increase in complexity, by adding more complex, inflected, infrequent words taken 

from higher grades’ textbooks and those words containing less commonly used 

syllable structures and consonant clusters. With more items and a larger variety in 

complexity of the items, the reliability of the test and the normality of the score-

distributions increase. As noted in the method section of Chapter 5, decoding fluency 

was defined as the number of pseudowords read in one (Jakarta) and two (Medan) 

minutes. As can be seen in Table 5.4, the number of children with a score below 

10% in the two-minute administration approximates the theoretical distribution 

(observed 8 and 8, expected 7.4 and 7.2 in grade 2 and 3 respectively) slightly better 

than the one-minute administration (observed 5 and 6, expected 7.5 and 6.4 in grade 

1 and 2 respectively). This shows that extending a test could potentially improve the 

distributional characteristics of the test scores. Moreover, it would also be interesting 

to see whether the addition of a reading text (to be read silently or aloud) would 

generate further useful information.  

With regard to spelling, the mean task scores across grades on the orthographic 

choice test (OCT) and writing to dictation discussed in Chapter 5 came close to these 

tasks’ absolute maximum score (see Table 5.5), especially among typical readers, 

even though task complexity of the spelling tasks had already been increased for the 

Medan sample by adding longer words taken from second and third grade textbooks. 

Only three out of 46 children in our combined Jakarta and Medan sample described 

in Chapter 5 met the at-risk criteria solely based on spelling and orthographic 

knowledge (see Table 5.4). Nonetheless, we believe that there are enough grounds 
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to keep spelling as part of our current criteria. Several studies, including some 

conducted in transparent orthographies, have demonstrated that children with 

reading difficulties are often poor in both reading and spelling (De Jong & Van der 

Leij, 2003; Eklund et al., 2015; Pennington & Lefly, 2001; Puolakanaho et al., 2008; 

Van Bergen et al., 2012). In line with that we found the three students referred to 

above to be poor spellers, as well as relatively poor readers (scores below the 18th 

percentile on reading fluency). Moreover, about a third to a quarter of the children 

with severe reading problems in our sample also had severe difficulties in spelling 

and/or orthographic knowledge (see Table 5.4). Spelling, in addition to reading, 

therefore plays an important role in determining a targeted treatment plan after the 

dyslexia diagnosis has been confirmed. 

Another linguistic aspect that might have influenced reading performance, is that 

monosyllabic words are uncommon, and that Indonesian children are therefore 

trained to read long words from an early age as instructions in primary-school books 

already contain multisyllabic words. Two-, three-, and even four-syllabic words may 

therefore have posed relatively little problem to the readers in our sample. As alluded 

to above, children learning to read in the agglutinative but also highly transparent 

Finnish orthography, have been suggested to be highly oriented toward the details 

of spoken language to be able to differentiate words with small variations (Torppa et 

al., 2010). SI also possesses a rich system of morphemes and affixations which differ 

depending on the word class of the stem (Winksel & Widjaja, 2007). Interestingly, 

however, colloquial spoken SI often uses non-affixed forms. Hence different from 

Finnish, one would expect Indonesian children to have less exposure to these longer 

multisyllabic words in spoken form to support their reading. Unfortunately, no 

numbers are available for the percentage of Indonesian children acquiring reading 

skills within the first school year, which would be interesting to compare to other 

highly transparent languages.   

 

8.3.2 Predictors of reading skills   

As previously mentioned, in Chapter 5 we assessed reading, spelling, phonological 

skills, and non-verbal IQ assessed in a total of 285 first-, second-, and third-graders, 

to investigate which profiles of cognitive predictors of reading were found among 

young readers of SI classified as being at risk of dyslexia based on the criteria and 

tests proposed in Chapter 4. For each individual case, first the presence of deficits 

in phonological awareness (PA), verbal working memory (VWM) and naming speed 

(NS) was determined using a 10th percentile cut-off, after which regression analyses 

were conducted to test the fit of single- and multiple-deficit models of dyslexia to 

individual cases.  

Accounting for 33% of the cases that satisfied both methods of individual 

prediction, Pennington et al.’s (2012) Hybrid Model proved the best fit, proposing 
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that there are multiple pathways to being at risk of dyslexia in SI, some involving 

single deficits and some multiple deficits. None of the deficits in PA, NS, or VWM 

alone was sufficient to predict a risk of dyslexia in our SI sample, nor was a deficit in 

PA necessary. Whereas PA was the strongest single predictor in Pennington et al.’s 

samples, NS was the main predictor of reading and decoding fluency in our sample, 

followed by PA and VWM. PA was the most common deficit in our sample.  

Fifty-four percent of the children (25/46) we classified as at risk of dyslexia had 

one or more deficits, compared to 68-78% in Pennington et al.’s sample. A possible 

explanation for the lower numbers obtained could be that our test results might have 

had a higher “noise” level when compared to the testing conducted by Pennington 

et al., who used highly optimized tasks which have already been used in previous 

studies. Interestingly, however, still 22-32% of dyslexic cases in Pennington et al.’s 

study did not have any deficit based on a 10th percentile cut-off in PA, language skill 

or NS/processing speed.  

In line with the conclusion drawn in Pennington et al.’s paper for English and 

Norwegian, our results indicate that the relation between predictors, deficit profiles 

and reading problems in SI based on our assessment battery are probabilistic and 

not deterministic. These findings raise questions about the predictive value and 

clinical utility of these deficit profiles in the diagnostic process involving dyslexia, as 

they imply that students with unexpected (despite adequate learning opportunities, 

without significant sensory deficits or severely compromised cognitive abilities) and 

persistent reading and spelling difficulties in SI, do not necessarily need to fit a 

particular deficit profile or even need to have any deficit in PA, NS, or VWM at all. 

Still, we think that assessing these cognitive skills can provide valuable and 

converging information to support the dyslexia diagnosis in SI.  

Although there does not seem to exist one typical at risk of dyslexia profile in our 

SI sample, it is worth noting that out of 21 at-risk cases without deficits, 15 had 

borderline scores (percentile 11 to 25) on one or more of the predictors included. 

Forty out of 46 readers being categorized as at risk of dyslexia in our sample (87%), 

had scores on PA, NA and/or VWM within the lowest 25% of their grade. At-risk 

students without at least borderline deficits on these reading-related cognitive skills 

were therefore more uncommon. Moreover, we recommend to always include both 

individual teacher ratings and school grades in the final diagnosis, as our results 

showed significant differences between the typical and the at-risk-of-dyslexia 

readers on both variables that supported the test results of the reading assessment 

battery (see Table 4.6). 

Pennington et al. found no significant differences in relative importance of 

predictors when comparing English with the more transparent Norwegian script 

among kindergarten and first grade students. By contrast, Furnes and Samuelsson 

(2010), who drew a sample from the same international twin study used by 
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Pennington et al., reached different conclusions for their kindergarten through 

second grade sample; whereas PA as a predictor of reading skill in the Scandinavian 

(Norway, Sweden) sample was limited to the end of first grade, it remained a 

significant predictor in the two English-speaking samples (Australia, United States). 

NS was similarly predictive of reading at first and second grade across 

orthographies. When analysing our data further per subsample with stepwise 

multiple linear regression (see Discussion Chapter 5), we found a similar pattern for 

grades 1 and 2 in Jakarta. While PA and NS were both significant predictors of 

reading and decoding fluency in first grade Jakarta, only NS remained a significant 

predictor in second grade. These findings agree with results from earlier research in 

languages with transparent orthographies and indicate a decreasing effect of 

phonological awareness on reading after starting school (formal instruction) when 

the basic decoding rules have been learned (e.g. De Jong & Van der Leij, 2002; 

Georgiou, et al., 2008; Holopainen et al., 2001), whereas the importance of NS over 

time appears to increase (De Jong & Van der Leij, 1999; Vaessen & Blomert, 2010). 

It should be noted, however, that both PA and NS remained significant predictors of 

reading and decoding fluency in grades 2 and 3 in Medan.  

Although there is a general consensus about NS, PA and VWM being predictors 

of reading skills, the differences between studies in general on the relative weight of 

these predictors of reading highlights the complex and multifactorial character of this 

developmental problem; different results may relate to the transparency of the 

orthography, but also to the developmental phase of reading of the participants 

included, the type of measures used, and even to the definitions and inclusion criteria 

employed. Another interesting possibility, however, could be that we just haven’t 

found the predictor of reading skills yet, or that the specific skill needed for reading 

and decoding fluency can only be tested by assessing reading and decoding 

themselves.  

In the case of dyslexia, Aravena, Tijms, Snellings and Van der Molen (2017) 

argue for a combination of conventional testing and the use of new measures. The 

authors argue that a key factor in dyslexia remains a fundamental disability to learn 

letter-speech correspondences, and that the manifestation of this deficit can be 

evoked by presenting them with a novel script (also see Aravena, Snellings, Tijms, 

& Van der Molen, 2013). In order to do so, the researchers assessed letter-speech 

sound learning using an artificial script to differentiate between dyslexic and normal 

readers of Dutch. A benefit of using an artificial script was that it allowed for 

controlling for differences in prior exposure. Moreover, the authors hoped that with 

the focus on learning rather than on the level of skill already obtained, they would be 

able to capture learning in action and identify factors that interfered with the learning 

of grapheme-phoneme correspondences. Their dynamic assessment aimed at 

training eight basic letter-speech sound correspondences and was followed by a 
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short test assessing these correspondences in addition to the student’s word reading 

ability of this unfamiliar script. Their findings indicated that dyslexic readers were 

outperformed by typical readers both on the artificial script’s letter-speech sound 

identification task (speed and accuracy), and on the word reading task. Aravena and 

colleagues (2017) analysed furthermore the relative contribution of their new 

measures in relation to the more conventional predictors PA and RAN. Their results 

showed that the artificial orthography related predictors made meaningful and partly 

independent contributions to the explanation of individual differences in reading and 

spelling abilities. The researchers therefore argue that a combination of conventional 

testing with the new measures proposed would result in a stronger predictor of 

individual differences in reading and spelling abilities compared to conventional 

testing alone, showing the potential benefit of this procedure for the assessment of 

dyslexia in clinical practice.  

 

8.4  GRAPHOGAME SI 

In Chapter 6, we described the theoretical background, the development, and design 

of our SI edition of GraphoGame. Our aim was to discuss general GraphoGame 

principles, and to elucidate some of the specific choices we made for our SI version, 

hoping that our study will be an inspiration for the future development of additional 

language versions of this or similar digital-based learning environments. Two 

versions of GraphoGame for SI were developed: the main design that included 21 

‘streams’ subdivided into 333 ‘levels,’  and a compressed version offering the same 

21 streams in 177 levels. In line with other GraphoGame studies (e.g. Kyle et al., 

2013; Saine et al., 2010), the main game design was aimed at five 10-15 minute 

playing sessions per week (also see Richardson & Lyytinen, 2014). Moreover, the 

shorter version was created to anticipate school settings in which this preferred 

playing frequency would not be possible due to practical restrictions and where the 

complexity of the game content still needed to coincide with the level of the students’ 

regular classroom reading instruction.  

To effectively support children during the early stages of reading acquisition, the 

GraphoGame method makes use of the most functional sublexical units of the 

particular orthography: in order to help the young reader match the mappings of the 

orthography to the spoken language form, the training focuses on the most 

frequently and (in less transparent orthographies) most consistently used 

correspondences between the smallest distinguishable parts specific to the 

language being learned (Richardson & Lyytinen, 2014). Research has shown that 

when teaching reading in transparent orthographies with consistent grapheme-

phoneme correspondences, it makes sense to focus on exactly these connections 

(Holopainen et al., 2002; Landerl, 2000). To typically developing readers, this 

approach is the quickest and simplest way to learn to decode. Moreover, the game 
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stimulates the child to use sublexical units, both graphemes and syllables, as 

building blocks to learn to read and spell whole words.  

Besides a description of how and why we developed our version of GraphoGame 

the way we did, in Chapter 6 we additionally discussed the results of the pilot study 

among 69 typical and struggling beginning readers recruited from first-grade 

classrooms of an elementary school in the city of Medan. Between October and 

March, the students attended on average nine (range 5-12) GraphoGame sessions 

of 15-20 minutes. Although large-scale randomized controlled studies are needed to 

confirm the effectiveness of our SI reading game, the GraphoGame player data 

collected during this first pilot study showed that most of its variables were 

significantly related to mid- and post-test reading and decoding skills. Moreover, the 

results indicated that the more the students with low pre-test phonological skills were 

exposed to the game, the better their post-test performance on reading and decoding 

fluency became.  

Considering the fact that the main game design would merely offer players more 

opportunities to practice the same game content, we questioned the added benefit 

of extended training using the same grapheme-phoneme correspondences, 

syllables and words for those students who were able to attain decoding fluency with 

regular classroom instruction and the short version played 1-2 hours spread out over 

several weeks and sessions. Once the grapheme-phoneme correspondences have 

been learned, word decoding in transparent orthographies such as SI is expected to 

be attained by basically putting together the different sounds of written words 

(Richardson & Lyytinen, 2014). Decoding skills are then automatized after extensive 

reading exposure and repetition, and for those good players, the compressed game 

design may already provide sufficient practice. For the more struggling players, we 

argued that the extended main game design could be beneficial as hopefully even 

more practice and game exposure would result in further improved reading and 

decoding skills.  

In Chapter 7, we tested the main game design during a more intensive training 

by having 33 first-graders from the outskirts of Medan, play the full game more 

frequently during a shorter period of time (aimed at five 10-15 minute playing 

sessions a week for 13 weeks). The aims of this second pilot study were to further 

evaluate GraphoGame SI’s usability, test the effectiveness of our main game design 

in promoting reading (-related) skills in first-grade learners of SI, and use the data 

gained during this study to further improve the game design. Our correlation results 

show that progress in the game (as measured as highest game level reached, the 

total number of levels played, and the average number of levels played per minute) 

and several of the reading-related skills we assessed were significantly related to 

reading and decoding fluency skills. Moreover, the highest level reached was found 

to be a significant predictor of reading and decoding abilities both at the post-test 
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and the 4-month follow-up assessment. Our results additionally indicated a 

significant interaction effect: only for students with average to above-average pre-

test letter knowledge, progress in the game was strongly related to reading and 

decoding fluency at post-test. No such significant difference was found between high 

and low game progress in students with below average letter-sound knowledge at 

pre-test. If either one of the two stayed behind (i.e. low letter-sound knowledge or 

low game progress; see Figures 7.1 and 7.2), reading and decoding fluency at post-

test were below average. This suggests that there is an optimal stage at which 

GraphoGame is effective. As a first step, in order to hopefully enable students with 

low letter knowledge at the outset to also fully benefit from the game, we proposed 

an extension of the playing period to approximately six months. For those students, 

thirteen weeks of gameplay may have been too short to firmly establish their letter-

sound knowledge and to build up their phonological awareness skills (see Glatz et 

al., submitted, for a similar view).  

This second pilot study evaluating the main GraphoGame SI design further 

validates our digital reading intervention by showing once more that there is a 

relationship between game progress and reading and decoding proficiency as tested 

shortly after the last playing session. Based on our preliminary but promising results, 

the next step would be to implement GraphoGame SI in a larger, more diverse 

sample of beginning readers and include active and passive control groups to further 

investigate and improve its effectiveness in promoting basic reading and reading-

related skills. Moreover, it may be worthwhile to also assess motivation, familiarity 

with the use of a computer (even though a short training was provided to all 

students), familiarity with the type of assessment used, or other (reading-related) 

classroom activities to investigate their potential impact on the results. Another 

aspect worth investigating would be whether the tool might have potential as a 

diagnostic instrument in the early identification of readers at risk of developing 

serious reading deficits or dyslexia while simultaneously offering additional learning 

opportunities. Regular paper-and-pencil tests may not be sensitive enough to detect 

subtle differences within brief periods of time. Therefore, changes in reading related 

skills may be better captured by data provided by the game itself. By incorporating 

separate "proficiency" games in-between the regular training levels, one could 

measure improvement in accuracy and response times for individual learners. 

Paper-and-pencil tests assessing letter knowledge, for instance, quickly reach 

ceiling levels and thus lose their predictive power, whereas the speed of grapheme-

phoneme associations may still provide valuable information (also see Glatz et al., 

submitted). As discussed in Chapter 7, the in-game assessments letter-sound 

knowledge I and II and the highest GraphoGame level reached, correlated strongly 

with post-test reading and decoding fluency (see Table 7.4 and 7.5a). Moreover, 

letter-sound knowledge I and GG highest level were shown to be significant 
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predictors of the latter two skills (see Table 7.6). Speed of letter-speech sound 

associations was not included yet in the current GraphoGame SI in-game 

assessments, but could easily be incorporated in future versions. These results 

underline the potential of GraphoGame SI as a dynamic assessment tool.   

Future research will need to uncover why some students did and others did not 

seem to benefit sufficiently from the game and which adjustments are necessary to 

increase GraphoGame SI’s effectiveness. Further improvement of the stimulus 

selection algorithm will hopefully at some point make the compressed version of this 

game redundant and will enable the game to truly adapt to the student’s abilities. 

Another aspect worth looking into would be the fact that our GraphoGame version 

does not (yet) train the ability to sound out graphemes, syllables, and words. The 

way the game content is currently presented, the students are not instructed to read 

any of the targets out loud. Without complicating the game too much with the 

incorporation of sound recognition software, future research could start by simply 

asking the students to repeat the auditory stimulus (i.e. phoneme, spoken syllable or 

word) before choosing the corresponding written item on the screen. Besides 

keeping the children focused on the task, it could potentially also further strengthen 

the learning of the correct correspondences of spoken and written forms. Moreover, 

a flashed presentation (e.g. at 2000, 1000, 500, or 200 ms) of the words trained in 

previous levels could be added to the game design to further promote reading 

fluency, similar to one of the subtasks of the Dutch reading intervention program 

Build! (Regtvoort, Zijlstra, & Van der Leij, 2013).  

In addition to the relationship between phonology and orthography, current 

models of children's reading development emphasize the importance of semantics 

(e.g. Ehri, 2005). Specific knowledge of the target words has been shown to predict 

reading accuracy in beginner readers (e.g. Duff & Dulme, 2012). In their 2015 paper, 

Van Gorp, Segers, and Verhoeven present a word identification game in which poor-

reading second-grade learners of Dutch were asked to make several types of 

semantic categorizations while simultaneously practicing word identification, with the 

aim to enhance their decoding efficiency (i.e. combined reading speed and 

accuracy). During the game, the players were asked to categorize a target word 

presented on the screen (e.g. hamster, ‘hamster’) as quickly and accurately as 

possible by dragging and dropping the word into the correct semantic category (e.g. 

‘animals’ versus ‘garbage/ pseudowords’). Van Gorp et al.’s study showed significant 

increases in decoding efficiency of the players when compared to the waiting list 

control group. The authors concluded that their relatively short intervention game 

(five hours of playing across a period of five weeks) elicited transfer and retention 

effects when assessed using a standardized read‐aloud test containing lists of 

untrained words and pseudowords. Unlike word decoding where the reader only 

processes orthographic and phonological information, word identification requires 
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the reader to also actively address semantics during the reading process (Van Gorp 

et al., 2015). The addition of a word identification task using semantic categorization 

would be an interesting aspect to further investigate for SI and to be added to our 

next version of GraphoGame SI.  

To conclude: The mechanisms of typical reading acquisition and the causes of 

deficits in this development remain complex, which makes it all the more fascinating 

that this process comes so naturally to many of us despite differences in socio-

economic backgrounds, intellectual capacities, and the characteristics of the 

language being learned. In 2016, according to UNESCO, less than 1% of 

Indonesians between 15 and 24 years old could not read compared to 30% of adults 

of 65 years and above. Hence tremendous progress has been made in the field of 

education and literacy during the last decades. Still, reading acquisition in SI has as 

yet not been extensively studied, and as already emphasized several times 

throughout this thesis, more research is needed to further increase our 

understanding of reading development and dyslexia in the highly transparent SI 

language. We therefore hope that the research described in this thesis will turn out 

to be another step forward in the field of reading research in Indonesia. After all, as 

even for the most proficient reader-to-be sufficient practice is still the way to go: “Mari 

membaca!”12  

 

                                                             
12 Let’s read! (translated from Standard Indonesian). 
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APPENDIX 

 

Appendix to Chapter 4: 

 

Appendix 1. Grade 1 factor analyses using varimax rotation 

 
Component 

1 2 3 

Writing to dictation  0.770  

OCT  0.709  
TTR  0.569  
Digit span-F  0.360 0.719 

Verbal fluency  0.397 -0.663 
Phoneme deletion  0.624  
RAN digits 0.905   

RAN letters 0.796   
RAN colours 0.882   

Note. Reading and decoding fluency are excluded for regression analysis; 

factor loadings < .30 are suppressed. 

 

 

Appendix 2. Grade 2 factor analyses using varimax rotation 

 
Component 

1 2 3 

Writing to dictation   0.784 
OCT  0.439 0.693 
TTR 0.573 0.324  

Digit span-F  0.645 -0.432 
Verbal fluency  0.520  
Phoneme deletion  0.803  

RAN digits 0.896   
RAN letters 0.727  0.361 
RAN colours 0.815   

Note. Reading and decoding fluency are excluded for regression analysis;  

factor loadings < .30 are suppressed. 
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SUMMARY  

 

Dyslexia is the most common learning disability (Cortiella & Horowitz, 2014) and 

occurs in all languages (Shaywitz et al., 2008). The specific orthography to be 

acquired, however, has been identified as having a great impact on the reading 

acquisition process and dyslexia (Ziegler & Goswami, 2005; Seymour et al., 2003). 

Prevalence rates vary according to definitions and diagnostic criteria but are 

generally assumed to lie between 5-10% for alphabetic orthographies, with relatively 

low rates occurring in the more transparent orthographies, and with numbers 

exceeding 10% for the exceptionally opaque English orthography (Habib & Giraud, 

2013; Shaywitz, 1998). Dyslexic students face persisting problems with reading and 

spelling, with possible negative effects on their cognitive development, school 

motivation, well-being, and self-esteem (Lovio et al., 2012). Early identification of 

children who are at risk of developing serious reading deficits and the provision of 

effective support are therefore of great importance if we are to break the vicious cycle 

of negative learning experiences and minimize the sequelae of developing or 

ongoing reading disabilities.  

The past decades have seen great advances in our understanding of typical 

reading development and the causes of deficits in the acquisition process. Yet, still 

very little research has been conducted into reading and spelling development in the 

languages of Southeast Asia, among which is the highly transparent Standard 

Indonesian (SI) language. To the best of our knowledge, prior to the PhD research 

reported on in this doctoral thesis, neither a standardized assessment battery had 

been developed to identify students with or at risk of developing dyslexia, nor a 

standardized intervention scheme to support struggling readers in SI. The general 

aims of the research therefore were 1) to gain more insight into orthographic 

differences between alphabetic languages and their impact on reading and dyslexia, 

2) to compose a test battery to facilitate the assessment of reading difficulties in 

young readers of SI, and 3) to develop an SI version of GraphoGame, a computer-

based reading intervention, and test its effectiveness in first graders just having 

started formal literacy instruction.  

In Chapter 1 an overview of the studies described in the thesis is given. 

Moreover, the most important themes of the research are introduced, which are: 

theories of reading acquisition, dyslexia, predictors of reading in different 

orthographies, Bahasa Indonesia (Standard Indonesian), and the reading 

intervention, i.e. GraphoGame for Standard Indonesian.  

Chapter 2 reviews the literature on orthographic transparency, syllabic 

complexity, and morphological complexity of alphabetic languages in relation to 

reading acquisition and dyslexia. At a general level of description, researchers agree 

that the basic processes of reading are the same for all languages in terms of 
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matching inputs to memory, association, retrieval, decomposition, decoding, and 

assembly to name but a few. Above and beyond these universals, however, 

important differences do emerge at more detailed levels. The way in which 

phonological, orthographic, and morphological processes function is shaped by the 

specific orthography being used, necessitating orthographic-specific strategies when 

learning to read. With improving skills, the reader increasingly manages to adapt 

reading procedures to the demands of the writing system to thus improve reading 

efficiency. These specific and vital adjustments that depend on the orthography 

being learned have implications for new readers and the development of reading 

difficulties like dyslexia. Considering the above, detailed knowledge of differences 

between orthographies and metrics to measure these differences can provide a 

stepping stone for the development of language-specific reading instructions and 

interventions.  

In Chapter 3 we therefore discussed the various metrics proposed in the 

literature to quantify orthographic transparency, syllabic complexity, and 

morphological complexity of alphabetic languages, with three metrics being 

considered for each language characteristic: the regularity, consistency, and entropy 

approaches to determine orthographic transparency; Linguistica, the Juola method, 

and Type-Token Ratio as measures of morphological complexity; and finally, the 

structural approach, the behavioural approach, and the syllabification-by-analogy 

algorithm to establish syllabic complexity. Although promising, it remains difficult to 

give a clear judgement on which metric seems most valuable for future use in this 

domain based on the current status quo of the metrics presented in this chapter. 

Besides the fact that relatively little quantitative cross-linguistic research has been 

conducted regarding these matters and more research is needed before any of the 

ideas advanced so far will be widely accepted, the best measure also depends on 

the specific research question and the particular orthographies and granularity 

studied. One general difficulty was the variety in the definitions of orthographic 

transparency, morphological complexity, and syllabic complexity. In the light of 

instruction and intervention development, the ranking of languages proposed by 

these metrics should be validated by more behavioural data showing differences in 

reading acquisition and skilled reading between the orthographies studied, which to 

date is relatively unexplored as far as morphological and syllabic complexity 

measures are concerned.  

In Chapter 4 we described the development of a test battery to facilitate the 

assessment of reading acquisition and the early detection of reading difficulties in 

readers of SI, presenting the first data obtained with this battery in 139 first- and 

second-graders recruited from primary schools in Jakarta (Java). Moreover, we 

proposed preliminary criteria for the categorization of beginner-readers of SI as 

‘typical readers’ or ‘readers at risk of dyslexia’ based on their reading- and decoding-
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fluency and spelling outcomes. The test battery presented comprised nine 

empirically motivated reading and reading-related tasks assessing word reading, 

pseudoword reading, arithmetic, rapid automatized naming (RAN), phoneme 

deletion, forward and backward digit span, verbal fluency, orthographic choice 

(spelling), and writing. Descriptive statistics, correlations, factor analyses, and 

multiple linear regression results were discussed. The results indicated that several 

of our tests correlated significantly with reading and decoding fluency. Most notably, 

the correlations between RAN and reading or decoding fluency were more consistent 

and higher across the three RAN tasks in the grade-2 than they were in the grade-1 

readers. Moreover, whereas the phoneme-deletion task correlated significantly with 

reading or decoding fluency in grade 1, this was not the case for grade 2. Our t-test 

results showed significant differences between the typical and the at-risk readers for 

reading and decoding fluency as well as for phoneme deletion, writing to dictation, 

OCT, and RAN in both grades. Based on our categorization criteria, 17% of the first 

graders and 14% of the second graders were identified as being at risk of dyslexia. 

As these numbers were relatively high compared to prevalence rates found in other 

highly transparent languages, we proposed to optimize the reading and spelling 

tests, for instance by increasing their length and/or complexity, to further augment 

their reliability and discriminatory potential. 

In Chapter 5 we further analysed the Jakarta data using Pennington et al.’s 

(2012) multiple-case approach and combined the resulting data with those obtained 

in an additional sample of 146 second- and third-graders recruited in Medan 

(Sumatra) to investigate the characteristic profiles of cognitive predictors of reading 

of young readers of SI who had been classified as being at risk of dyslexia. For each 

individual case, we first determined the presence of deficits in phonological 

awareness (PA), verbal working memory (VWM), and naming speed (RAN) using a 

10th percentile cut-off point, after which regression analyses were conducted to test 

the fit of two single- and three multiple-deficit models of dyslexia to these individual 

cases. All 285 first-, second-, and third-graders were categorized as ‘typical readers’ 

or ‘at risk of dyslexia’ using the criteria proposed in Chapter 4. The results 

demonstrated that RAN was the main predictor of reading and decoding fluency in 

our sample, followed by PA, and VWM. PA was the most common deficit in our 

sample. Accounting for 33% of the at-risk cases that satisfied both methods of 

individual prediction, the Hybrid Model proved the best fit, proposing that there are 

multiple pathways to being at risk of dyslexia in SI, some involving single deficits and 

some multiple deficits. None of the deficits in PA, RAN, or VWM alone was sufficient 

to predict a risk of dyslexia in the present sample, nor was a deficit in PA necessary. 

In Chapter 6 we described the theoretical background, development, and design 

of our SI edition of GraphoGame. Furthermore, we discussed the first results 

obtained during a pilot study conducted among 69 first-graders playing a 
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compressed version of the game at a primary school in Medan (Sumatra) with the 

aim to evaluate the game’s usability and to collect evidence on the relationship 

between exposure to the intervention and changes in early reading and reading-

related skills. Between October 2015 and March 2016, the students attended on 

average nine (range 5-12) GraphoGame sessions of 15-20 minutes. Their reading 

and reading-related skills were assessed prior to, midway, and at the end of the 

training period. Descriptive statistics, correlations, and linear regression results were 

discussed. Although large-scale randomized controlled studies are needed to 

confirm the effectiveness of the SI reading game, our preliminary player data showed 

that most of its variables were significantly related to mid- and post-test reading and 

decoding skills. Interestingly, whereas post-test correlations between the 

GraphoGame variables and PA (measured using phoneme deletion and auditory 

synthesis tasks) were larger than the pre-test associations, the post-test correlations 

with the alphanumeric RAN tasks were smaller than those recorded at pre-test. Pre-

phonological skills and pre-RAN were significant predictors of post-reading and 

decoding fluency. Furthermore, we found a close to significant interaction effect 

between game exposure and pre-test phonological skills. After further analysing this 

possible interaction, we noted an effect of game exposure on the reading and 

decoding abilities of students with below average pre-phonological skills: the more 

the first-graders with below-average pre-test phonological skills had been exposed 

to GraphoGame SI, the better they performed on post-test reading and decoding 

fluency. 

In Chapter 7 we tested a more intensive approach than we had in our previous 

pilot by having 33 first-graders from a more rural area (i.e. the outskirts of Medan) 

play the full game more frequently during a shorter period of time, with the children 

playing on average three 11-minute sessions per week for a period of 13 weeks. The 

aim of this extended pilot study was to overcome certain design-related challenges 

we had come across during our previous pilot and to further investigate the 

effectiveness of this new design in promoting reading-(related) skills in first-grade 

learners of SI. This time, reading and reading-related skills were assessed prior to 

the start of and after completion of the training period, and at a 4-month follow-up. 

Once again, descriptive statistics, correlations, and linear regression results were 

presented. Both post-test and follow-up reading and decoding fluency correlated 

significantly with the highest game level reached and the number of levels played 

per minute. At follow-up, reading and decoding fluency additionally correlated 

significantly with the total number of levels played. The correlation data hence 

showed that game progress was related to reading and decoding skills. Pre-letter 

knowledge II (pre-LS II) and highest level reached were significant predictors of both 

post-reading fluency and decoding fluency. Our results additionally indicated a 

significant interaction effect between pre-LS II and highest level reached: only for 
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students with average to above-average pre-test letter knowledge was progress in 

the game strongly related to reading and decoding fluency. In order to enable 

students with low letter knowledge at the outset to also fully benefit from the game, 

we suggested extending the playing period to approximately six months to firmly 

establish letter knowledge and phonological awareness skills. 

In Chapter 8 the main research findings were discussed in relation to the existing 

literature and future directions proposed. To optimize our reading and spelling tests 

and augment their reliability and discriminatory potential, we recommended 

increasing the one-minute reading-fluency task to three minutes (similar to the Dutch 

DMT [Three Minute Test], CITO) and to also increase the complexity of the content 

of sections one to three of the new task by adding more complex, inflected, 

infrequent words taken from higher grade textbooks and words containing less 

commonly used syllable structures and consonant clusters. As regards predictors of 

reading and spelling skills, since our results in Chapter 5 imply that students with 

unexpected reading and spelling difficulties in SI do not necessarily need to fit a 

particular deficit profile or may not show any specific deficit in PA, RAN, or VWM at 

all, we raised the question about the predictive value and clinical utility of deficit 

profiles in the diagnosis of dyslexia in SI. We nevertheless think that assessing these 

cognitive skills can provide valuable and converging information to support the 

dyslexia diagnosis in SI. Another interesting possibility that we discussed was to 

combine conventional testing of language skills with a new measure assessing the 

acquisition of reading and spelling of an artificial script, as was done by Aravena et 

al. (2017). We furthermore suggest further improvements to GraphoGame SI, such 

as the addition of a flashed presentation (e.g. at 2000, 1000, 500, or 200 ms) of 

words trained in previous levels to further promote reading fluency similar to what is 

done in a subtask of Bouw! (English: Build!), a Dutch computer-based reading 

intervention (Regtvoort, Zijlstra, & Van der Leij, 2013). Another modification worth 

looking into would be to have students repeat the auditory stimulus (i.e. phoneme, 

spoken syllable or word) before they can choose the corresponding written item on 

the screen. Besides that it will keep the children focused on the task, it could 

potentially boost the acquisition of correspondences between spoken and written 

forms. Finally, we hypothesized about adding a word-identification task using 

semantic categorization (where, for instance, the target word ‘tulip’ would need to be 

put into the box with the correct semantic category, i.e. ‘flower’ not ‘animal’). Unlike 

word decoding, where the reader only processes orthographic and phonological 

information, such a word-identification test requires the reader to also actively tap 

into their semantic knowledge during the reading process (Van Gorp et al., 2015).  

To conclude: The mechanisms of typical reading acquisition and the causes of 

deficits in this development remain complex, which makes it all the more fascinating 

that this process comes so naturally to many of us despite differences in socio-
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economic backgrounds, intellectual capacities, and the characteristics of the 

language being learned. In 2016, according to UNESCO, less than 1% of 

Indonesians between 15 and 24 years old could not read compared to 30% of adults 

of 65 years and above. Hence tremendous progress has been made in the field of 

education and literacy during the last decades. Still, as mentioned previously, 

reading acquisition in SI has as yet not been extensively studied and more research 

is needed to further increase our understanding of reading development and dyslexia 

in the SI language. We therefore hope that the research described in this thesis will 

turn out to be another step forward in the field of reading research in Indonesia. After 

all, as even for the most proficient reader-to-be sufficient practice is still the way to 

go: “Mari membaca!”13  

 

                                                             
13 Let’s read! (translated from Standard Indonesian). 
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Dyslexie is de meest voorkomende leerstoornis (Cortiella & Horowitz, 2014). De 

aandoening manifesteert zich in alle talen, ondanks het feit dat taal-specifieke 

eigenschappen van de orthografie (i.e. het gebruikte schrift en de aanvaarde spelling 

daarvan) van grote invloed zijn op het leren lezen en op het ontwikkelen van 

dyslexie. De prevalentiecijfers van dyslexie variëren afhankelijk van de gehanteerde 

definities en diagnostische criteria, maar liggen in het algemeen tussen de 5 en 10% 

voor alfabetische talen, met relatief lage percentages voor de orthografisch 

transparantere talen en met percentages boven de 10% voor de uitzonderlijk non-

transparante Engelse orthografie. Leerlingen met dyslexie hebben hardnekkige 

lees- en spellingsproblemen, hetgeen naast de hinder bij het lezen en schrijven een 

bijkomend negatief effect kan hebben op hun cognitieve ontwikkeling, school- en 

leermotivatie, hun algehele welzijn en hun zelfvertrouwen. Een vroege herkenning 

van deze leerlingen is daarom van groot belang om de spiraal van negatieve 

leerervaringen te doorbreken en de gevolgen van de zich ontwikkelende of reeds 

ontwikkelde leesstoornis te minimaliseren. 

De afgelopen decennia is het begrip van de normale leesontwikkeling en van 

problemen die zich voor kunnen doen bij het leren lezen sterk toegenomen. 

Onderzoek naar lees- en spellingsontwikkeling in talen in Zuidoost-Azië, waaronder 

het orthografisch zeer transparante Bahasa Indonesia (Standaard Indonesisch; SI), 

is echter nog zeer beperkt. Voor zover wij weten bestond er voor dit 

promotieonderzoek geen gestandaardiseerd testinstrument voor het opsporen van 

leerlingen met (het risico op de ontwikkeling van) dyslexie en was er eveneens geen 

gestandaardiseerde interventie om deze kwetsbare groep lezers van SI te 

ondersteunen. De doelstellingen van het onderzoek dat ten grondslag ligt aan dit 

proefschrift waren derhalve: (1) het verkrijgen van meer inzicht in de verschillen 

tussen orthografieën en hun invloed op lezen en dyslexie, (2) het samenstellen van 

een set van instrumenten om leesmoeilijkheden bij beginnende lezers van SI te 

identificeren, en (3) het ontwikkelen van een SI-versie van het educatieve 

computerspel GraphoGame en het toetsen van de effectiviteit van GraphoGame SI 

onder leerlingen in klas 1 van de basisschool (in de Nederlandse situatie 

vergelijkbaar met leerlingen in groep 3).     

Hoofdstuk 1 vormt de algemene inleiding van dit proefschrift. In dit hoofdstuk 

worden de thema’s die relevant zijn voor het onderzoek geïntroduceerd. Deze zijn: 

theorieën van leesontwikkeling, dyslexie, voorspellers van leesvaardigheden in 

verschillende orthografieën, het Bahasa Indonesia, en de leesinterventie 

GraphoGame voor het SI.  

Hoofdstuk 2 beschrijft de literatuur op het gebied van orthografische 

transparantie, syllabische complexiteit, en morfologische complexiteit van 
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alfabetische talen in relatie tot leesontwikkeling en dyslexie. Onderzoekers zijn het 

er in het algemeen over eens dat de basale leesprocessen voor alle talen gelijk zijn. 

Op detailniveau blijken er echter belangrijke verschillen te bestaan. De manier 

waarop fonologische, orthografische, en morfologische processen functioneren 

wordt beïnvloed door de orthografie van de betreffende taal, hetgeen vervolgens om 

taal-specifieke strategieën vraagt bij het leren lezen. Met toenemende vaardigheden 

lukt het de lezer steeds beter om de gehanteerde leesprocedures aan te passen aan 

de eisen die gesteld worden door het schrijfsysteem, dat weer leidt tot een steeds 

efficiëntere manier van lezen. Deze specifieke en noodzakelijke aanpassingen 

hebben gevolgen voor beginnende lezers en zijn van invloed op de ontwikkeling van 

leesproblemen zoals dyslexie. Gedetailleerde kennis van de verschillen tussen 

schrijfsystemen en maten om deze verschillen te meten, vormen derhalve de basis 

bij de ontwikkeling van taal-specifieke leesinstructies en interventies. 

In hoofdstuk 3 bespreken wij verschillende meetmethoden die in de literatuur 

worden beschreven voor het kwantificeren van orthografische transparantie, 

morfologische complexiteit en de syllabische complexiteit van alfabetische talen. 

Voor elk aspect komen er drie maten aan bod: (1) regelmaat (regularity), consistentie 

(consistency) en entropie (entropy) voor het beoordelen van de mate van 

orthografische complexiteit, (2) Linguistica, de Juola methode en Type-Token Ratio 

als maat voor morfologische complexiteit, en (3) een structurele benadering 

(structural approach), gedragsmatige benadering (behavioural approach) en de 

Syllabification by analogy-methode voor het meten van de syllabische complexiteit. 

Hoewel de besproken meetmethoden veelbelovend zijn, blijkt het lastig om op basis 

van de in dit hoofdstuk gepresenteerde huidige stand van de wetenschap een 

duidelijk oordeel te vellen over welke maten het meest waardevol zijn voor 

toekomstig gebruik. Naast het feit dat er meer kwantitatief cross-linguïstisch 

onderzoek nodig is voordat een van deze benaderingen breed geaccepteerd zal 

worden, wordt de beste maat ook bepaald door de gehanteerde onderzoeksvraag 

en het niveau waarop de orthografie wordt bestudeerd (granularity). Een algemeen 

probleem daarbij vormt de variatie in definities van orthografische transparantie, 

morfologische complexiteit en syllabische complexiteit. Ten behoeve van de 

ontwikkeling van methodes voor instructie en interventie, zullen de aangetoonde 

verschillen tussen talen onderbouwd moeten worden door gedragsonderzoek om de 

voorgestelde maten te kunnen valideren, zowel op het niveau van het verwerven 

van leesvaardigheid als van de gevorderde leesvaardigheid. Naar de effecten van 

morfologische en syllabische complexiteit op de leesontwikkeling is echter nog 

relatief weinig onderzoek gedaan.  

In hoofdstuk 4 beschrijven wij de ontwikkeling van een set van instrumenten om 

kinderen die problemen hebben met het leren lezen in SI in een vroeg stadium op te 

kunnen sporen. Tevens worden in dit hoofdstuk de eerste resultaten gepresenteerd 
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van een onderzoek waarbij wij bij 139 klas 1- en 2-leerlingen (vergelijkbaar met 

groep 3 en 4) van een basisschool in Jakarta (Java) de bruikbaarheid van deze 

testinstrumenten hebben onderzocht. Op basis van dit onderzoek formuleerden wij 

voorlopige criteria om beginnende lezers van SI op basis van hun lees- en 

decodeervloeiendheid14 (reading and decoding fluency) en spelling, te kunnen 

indelen als ‘normale’ lezers (met leesvaardigheden passend bij hun leerjaar) en 

leerlingen met een risico op dyslexie. De set van testinstrumenten bestond uit negen 

wetenschappelijk onderbouwde taken. Het ging daarbij om het lezen van woorden 

en pseudowoorden (nonsenswoorden), rekenvaardigheden (arithmetic), het snel 

serieel benoemen van letters, cijfers, kleuren en plaatjes (rapid automatized 

naming), foneemdeletie (phoneme deletion; het weglaten van een klank uit een 

woord), cijferreeksen (digit span; het herhalen van een rij cijfers in oorspronkelijke 

en omgekeerde volgorde), verbale vloeiendheid (verbal fluency; het opnoemen van 

zoveel mogelijk woorden uit een bepaalde categorie), passieve spelling 

(orthographic choice; het herkennen van de correcte spelling van woorden) en 

dictee. De resultaten van verschillende testen correleerden statistisch significant met 

de lees- en decodeervloeiendheid van de leerlingen. Opvallend hierbij was dat bij 

klas 2-leerlingen de correlatie tussen snel serieel benoemen en lees- en 

decodeervloeiendheid consistenter en sterker was dan bij de klas 1-leerlingen. 

Daarentegen correleerde de foneemdeletietaak juist sterker met lees- en 

decodeervloeiendheid bij klas 1- dan bij klas 2-leerlingen. De t-test-resultaten van 

de taken gericht op lezen en decoderen, foneemdeletie, dictee, passieve spelling en 

snel serieel benoemen van letters of cijfers lieten bij zowel klas 1- als klas 2-

leerlingen significante verschillen zien tussen de ‘normale’ lezers en de leerlingen 

met een risico op dyslexie. Op basis van deze gegevens stelden wij vast dat het 

risico op dyslexie 17% was bij de klas 1-leerlingen en 14% bij de klas 2-leerlingen. 

Deze percentages zijn relatief hoog in vergelijking met andere zeer transparante 

talen. Verdere verbetering van de lees- en spellingstesten is derhalve nodig om de 

betrouwbaarheid en het onderscheidend vermogen ervan te vergroten.  

 In hoofdstuk 5 hebben wij de in Jakarta verzamelde testgegevens (klas 1 en 2) 

gecombineerd met gegevens die wij in Medan (Sumatra) in een vergelijkbare setting 

verzameld hebben onder 146 leerlingen uit klas 2 en 3. De focus van dit hoofdstuk 

lag op het analyseren van profielen van cognitieve voorspellers van leesvaardigheid 

in SI onder leerlingen met een door ons vastgesteld risico op dyslexie, op basis van 

de in hoofdstuk 4 voorgestelde criteria. Hierbij is gebruik gemaakt van de 

zogenaamde multiple-case-benadering van Pennington et al. (2012). Voor alle 285 

leerlingen hebben wij eerst de tekorten (deficits; scores vallen binnen de laagste 

                                                             
14 Decoderen is de vaardigheid om de geschreven vorm van een woord om te zetten naar 
de klankvorm van dat woord. 
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10%) in de cognitieve voorspellers fonologisch bewustzijn, verbaal werkgeheugen 

en snel serieel benoemen bepaald. Vervolgens is met behulp van regressieanalyses 

onderzocht welke (combinatie van) voorspellers het beste de lees- en 

decodeervloeiendheid van de leerlingen voorspelden. De resultaten van het 

onderzoek lieten zien dat snel serieel benoemen de beste voorspeller van lees- en 

decodeervaardigheid was, gevolgd door fonologisch bewustzijn en verbaal 

werkgeheugen. In onze onderzoekspopulatie kwam een tekort op het gebied van 

fonologisch bewustzijn het meest voor. Daarna is gekeken welke van de door 

Pennington voorgestelde modellen (variërend in type en aantal tekorten), zowel op 

basis van het aantal tekorten als op basis van de combinatie van voorspellers, het 

best passende model voor onze populatie was. Het hybride model bleek in 33% van 

de risicoleerlingen het meest passend, hetgeen suggereert dat er verschillende 

tekorten ten grondslag kunnen liggen aan het ontwikkelen van (een risico op) 

dyslexie; bij sommige leerlingen voldeed een enkel tekort, bij anderen waren 

meerdere tekorten nodig. Een tekort in fonologisch bewustzijn, snel serieel 

benoemen of verbaal werkgeheugen alleen bleek niet in voldoende mate het risico 

op dyslexie te kunnen voorspellen; daarnaast bleek een tekort in fonologisch 

bewustzijn geen noodzakelijke voorwaarde te zijn voor een risico op dyslexie in onze 

populatie. 

Hoofdstuk 6 gaat over de theoretische achtergrond en de ontwikkeling van 

GraphoGame voor het Standaard Indonesisch (GraphoGame SI). Dit betreft zowel 

de volledige versie als de gecomprimeerde versie van het spel. Daarnaast worden 

in dit hoofdstuk de eerste resultaten van een pilotstudie met de gecomprimeerde 

versie van GraphoGame SI besproken. Aan dit onderzoek namen 69 klas 1-

leerlingen van een basisschool in Medan (Sumatra) deel. De pilot had als doel om 

(1) het praktische gebruik van het spel te onderzoeken en (2) het verband te 

bestuderen tussen het gebruik van de interventie en veranderingen in de vroege 

leesontwikkeling en daaraan gerelateerde vaardigheden. In de periode tussen 

oktober 2015 en maart 2016 speelden de leerlingen gemiddeld 9 GraphoGame-

sessies (spreiding 5-12) van elk 15-20 minuten. Leesvaardigheden werden 

voorafgaand aan de interventie beoordeeld, halverwege en aan het eind. Hoewel 

het nut van de SI-versie van GraphoGame pas in grootschalige gerandomiseerde 

onderzoeken kan worden vastgesteld, laten de gegevens van deze eerste pilot zien 

dat de meeste GraphoGame-variabelen (hoogst behaalde niveau, totale aantal 

gespeelde niveaus, niveaus per minuut, totale aantal items gezien, en totale aantal 

gegeven antwoorden) statistisch significant gerelateerd waren aan de mid- en post-

interventiemeting van lees- en decodeervloeiendheid. De post-interventiecorrelaties 

tussen de GraphoGame variabelen en fonologisch bewustzijn (gemeten met de 

taken foneemdeletie en auditieve synthese) waren opvallend sterker dan de pre-

interventiecorrelaties, terwijl na de interventie de correlaties tussen de 
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GraphoGame-variabelen en snel serieel benoemen (letters en cijfers) juist lager 

waren dan voorafgaand aan het spelen van GraphoGame. Fonologische 

vaardigheden en snel serieel benoemen op de pre-test waren significante 

voorspellers van lees- en decodeervloeiendheid na de interventie. Tenslotte vonden 

we een sterke, maar statistisch net niet significante interactie tussen de mate waarin 

de leerling met GraphoGame had geoefend (game exposure) en zijn/haar 

fonologische vaardigheden voorafgaand aan het onderzoek. Bij nadere analyse van 

deze interactie konden we bij leerlingen met beneden gemiddelde fonologische 

vaardigheden voorafgaand aan GraphoGame een effect van game exposure op hun 

lees- en decodeervloeiendheid waarnemen: hoe hoger de game exposure, des te 

beter de lees- en decodeervloeiendheid van deze subcategorie leerlingen na afloop 

van de interventie. 

In hoofdstuk 7 beschrijven wij de resultaten van een tweede pilot met 

GraphoGame SI waarbij wij een intensiever gebruik van GraphoGame op een 

basisschool in een buitenwijk van Medan hebben onderzocht. Aan deze pilot namen 

33 klas 1-leerlingen deel. Zij speelden de volledige versie GraphoGame SI 

gedurende een kortere periode (13 weken) dan in de eerste pilot, maar frequenter, 

namelijk gemiddeld 3 keer per week gedurende 11 minuten per keer. Het doel van 

deze tweede pilot was enerzijds om meer ervaring op te doen met het gebruik van 

GraphoGame SI om vervolgens het spel verder te kunnen optimaliseren, en 

anderzijds om de waarde van GraphoGame SI te onderzoeken in het stimuleren van 

de ontwikkeling van lees- en decodeervloeiendheid bij klas 1-leerlingen. De lees- en 

daaraan gerelateerde vaardigheden van de deelnemers werden niet alleen 

voorafgaand aan en na afloop van de testperiode beoordeeld, maar ook vier 

maanden na het gebruik van GraphoGame SI. Zowel direct na de interventie als vier 

maanden later correleerde de lees- en decodeervloeiendheid statistisch significant 

met het hoogste niveau dat de leerling in GraphoGame SI had bereikt en met het 

aantal niveaus dat de leerling per minuut had gespeeld. Vier maanden na de 

interventie correleerde de lees- en decodeervloeiendheid eveneens significant met 

het totale aantal niveaus dat de leerling had gespeeld. Deze gegevens duiden erop 

dat vooruitgang in het GraphoGame-spel gerelateerd is aan de lees- en 

decodeervloeiendheid van de leerling. Letterkennis voorafgaand aan de interventie 

en het hoogst behaalde GraphoGame-niveau waren significante voorspellers voor 

lees- en decodeervloeiendheid na afloop. Daarnaast laten de resultaten zien dat er 

sprake is van een significant interactie-effect van letterkennis en het hoogste 

behaalde GraphoGame-niveau op de lees- en decodeervloeiendheid na afloop van 

de interventie: alleen bij leerlingen met een gemiddelde tot bovengemiddelde 

letterkennis voorafgaand aan de interventie, was de vooruitgang in GraphoGame SI 

sterk gerelateerd aan lees- en decodeervloeiendheid. Om ervoor te zorgen dat ook 

leerlingen met een bij aanvang lagere letterkennis zo veel mogelijk van 
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GraphoGame kunnen profiteren, stellen wij voor om de speelperiode tot zes 

maanden te verlengen om op die manier alle leerlingen de kans te geven hun 

letterkennis en fonologische vaardigheden stevig te verankeren.  

In hoofdstuk 8 bespreken wij de onderzoeksresultaten in het licht van de 

bestaande literatuur en worden er suggesties gedaan voor toekomstig onderzoek. 

Om de in hoofdstuk 4 gepresenteerde set van testinstrumenten verder te 

optimaliseren en de betrouwbaarheid en het onderscheidend vermogen ervan te 

vergroten, stellen wij als eerste stap voor om de lengte en complexiteit van de 

woordleestaak te vergroten. Net als bij de Nederlandse Drie Minuten Test (onderdeel 

van de CITO), zou onze leestaak verlengd kunnen worden van één naar drie 

minuten. De drie onderdelen van de taak zouden moeten oplopen in 

moeilijkheidsgraad, door het toevoegen van complexere, vervoegde en minder 

frequente woorden, en woorden met minder voorkomede lettergreepstructuren en 

medeklinkerclusters. Wat betreft de voorspellers van lees- en spellingsvaardigheden 

stelden wij ons de vraag wat de voorspellende waarde en de klinische relevantie is 

van een dyslectisch profiel bij de diagnostiek van dyslexie. Uit de resultaten van 

onderzoek beschreven in hoofdstuk 5 blijkt immers dat leerlingen met lees- en 

spellingsproblemen in SI, niet noodzakelijkerwijs een specifiek testprofiel hebben of 

überhaupt een tekort hoeven te hebben op het gebied van fonologische bewustzijn, 

snel serieel benoemen of verbaal werkgeheugen. Toch menen wij dat de 

beoordeling van deze cognitieve vaardigheden waardevolle en complementaire 

informatie oplevert ter ondersteuning van de diagnose dyslexie in SI. Een andere 

interessante mogelijkheid die besproken wordt in dit hoofdstuk is het gebruik van 

een combinatie van bestaande testen met een nieuwe test gericht op de beoordeling 

van het leren lezen en spellen van een onbekend schrift (bijvoorbeeld Arabisch) 

zoals door Aravena et al. (2017) wordt toegepast. Ook voor het gebruik van 

GraphoGame SI doen wij suggesties voor verdere aanpassingen, zoals het 

toevoegen van ‘flitslezen’ ter verbetering van de leesvloeiendheid. Hierbij worden 

woorden waarmee in voorgaande niveaus van het spel reeds geoefend is, 

gedurende 2000, 1000, 500 of 200 msec op het computerscherm getoond, 

vergelijkbaar met een van de onderdelen van het Nederlandse 

interventieprogramma Bouw! (Regtvoort, Zijlstra, & Van der Leij, 2013). Daarnaast 

is het de moeite waard om het effect te onderzoeken van het laten nazeggen van de 

auditief aangeboden stimulus (een spraakklank, lettergreep of woord), voordat de 

leerling een keuze maakt uit de geschreven vormen op het scherm. Behalve dat dit 

kinderen zou kunnen helpen om gefocust te blijven op de taak, kan het ook het 

geleerde verband tussen de juiste gesproken en geschreven vorm versterken. 

Tenslotte wordt in dit hoofdstuk besproken wat het nut kan zijn van toevoeging van 

een taak waarbij een woord moet worden gecategoriseerd op basis van betekenis, 

waarbij de leerling bijvoorbeeld moet bepalen of het woord ‘tulp’ op het scherm hoort 
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bij de categorie ‘bloemen’ of ‘dieren’. Anders dan bij het decoderen van woorden 

waarbij alleen orthografische en fonologische informatie wordt verwerkt, vereist deze 

taak bij het lezen ook een interpretatie van de betekenis van het betreffende woord 

(Van Gorp et al., 2015). 

Ter afsluiting: De mechanismen achter vloeiend leren lezen en de oorzaken van 

problemen die sommigen hierbij ondervinden blijven complex. Dit maakt het des te 

intrigerender dat lezen bij de meesten van ons na enkele jaren van oefening volledig 

automatisch gaat, onafhankelijk van de sociaal economische situatie waarin men 

opgroeit, intelligentie en de eigenschappen van de geleerde taal. Volgens bronnen 

van UNESCO kon 1% van de Indonesiërs tussen de 15 en 24 jaar in 2016 niet lezen, 

in vergelijking tot 30% van de volwassenen van 65 jaar en ouder. In de afgelopen 

decennia is er dus in Indonesië een enorme vooruitgang geboekt op het gebied van 

onderwijs en geletterdheid. Er is echter, zoals eerder genoemd, nog relatief weinig 

onderzoek gedaan naar leesontwikkeling en dyslexie in het Standaard Indonesisch. 

We hopen derhalve dat het in dit proefschrift beschreven onderzoek een positieve 

bijdrage kan leveren aan het leesonderzoek in Indonesië. Tot slot, aangezien zelfs 

voor de allerbeste lezers in spé nog steeds het spreekwoord ‘oefening baart kunst’ 

opgaat: “Mari membaca!”15 

                                                             
15 In het Nederlands vertaald: Kom, laten we lezen! 
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