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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-
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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 



GRAPHOGAME SI: DIGITAL LEARNING SUPPORT FOR READING 

 

167 

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 



CHAPTER 7 

168 

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.
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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) 
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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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