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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. 
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