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ABSTRACT 

Patel, Priyanka. 2018. GraphoLearn India: the effectiveness of a computer-assisted 
reading intervention in supporting English readers in India. Master's Thesis in 
Education. University of Jyväskylä. Department of Education & Psychology.  

Illiteracy is still a critical problem in many parts of the developing world. India, with 

a population of over 1.3 billion individuals, has a literacy rate of only 72%. Those 

living in poverty are at an even higher risk of never achieving literacy due to limited 

access to quality education. With a strong push towards English education sweeping 

the country, those in poverty further struggle to learn a language which is foreign to 

them. Without access to quality education, these individuals are ultimately never 

given the chance to break the cycle of poverty.  

The aim of this study was to determine whether GraphoLearn, a computer-

assisted reading intervention, could be used to support the English reading skills of 

struggling readers in India. Participants were 7-year-old, grade 3 students (N=30), 

who were attending an English-medium public school in Ahmedabad, India. 

English was not a native language for any of the students and all were reading at a 

level below that of grade 1 despite having attended school for 2 years.  

Half of the students played GraphoLearn (n=16) while the other half played 

a control math game (n=14) for 20-30 minutes a day, over a period of 8 weeks. 

GraphoLearn led to significant improvements in children’s letter-sound knowledge, 

a critical factor in early reading development. Small to medium effects were also 

present for other tasks of reading and spelling. These results indicate that 

GraphoLearn has the potential to successfully support struggling readers of English 

in India, including those who are learning a non-native language and coming from 

at-risk backgrounds. 
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1 INTRODUCTION  

Despite international moves and agreements to improve literacy around the world, 

many developing countries are still struggling with high rates of illiteracy. India, a 

country with a population of 1.3 billion individuals, only has a literacy rate of 72% 

among those 15 years and older, leaving more than 259 million youth and adults as 

illiterates (UNESCO, 2015). In a country developing as quickly as India, an illiteracy 

rate as high as this is a large problem, putting many individuals at risk of never 

being able to reach opportunities and act as contributing members of society. With 

17 official languages (as recognized by the United Nations) and more than 700 

dialects, (Dixon, Schagen, & Seedhouse, 2011; Mitra, Tooley, Inamdar, & Dixon, 

2003), and with 21%, or 269 million, people living below the poverty line (The World 

Bank, 2011), solving India’s literacy crisis is an extremely large task.  

Education plays a major role in literacy and, therefore, some believe that one 

strategy to start combatting the problem may be to look at countries with successful 

education systems and borrow interventions that can be implemented elsewhere 

(Ojanen et al., 2015). Children in India, especially those living in poverty, face many 

problems in education. Slum and other low-income children are forced to attend low 

quality schools, which are under-resourced and use poor teaching methods 

(Cheney, Ruzzi, & Muralidharan, 2005; Kingdon, 2007). With a country-wide push 

towards English medium education, these students are studying in a language 

which they may have no prior exposure to and no support at home for. Due to these 

factors, these children struggle to learn English and attain a quality education. In 

turn, many of these children will never have the option of higher education, and 

once again, they will find themselves stuck in the cycle of poverty. According to The 

World Bank, 45% of the poor are illiterate as compared to 26% of the non-poor (2012).  

The purpose of this study is to determine whether GraphoLearn, a computer-

assisted reading intervention originally created for struggling readers of Finnish, 

can be used to support struggling readers of English in India. The major focus being 
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on slum children attending government-aided public schools in Gujarat, India who 

are non-native speakers of English, and at high risk of never achieving fluent English 

literacy.  

2 ENGLISH IN INDIA  

English as a language was originally brought to India by the British who arrived in 

the 1600s and established trade posts through the East India company (Mehrotra, 

1998). English was used throughout the British rule between traders and merchants, 

as well as by Christian missionaries (Mehrotra, 1998). During this time, English was 

viewed as a language of the elite, a view that has been upheld even post Indian 

independence in 1947 (Mishra & Stainthorp, 2007). In present day India, it is 

common for individuals to use a variety of languages in everyday life (Mishra & 

Stainthorp, 2007). It may even be that one language is used in the workplace or 

school, while another language is used in speaking to peers, and then the mother 

tongue is used in speaking to family and other relatives. Being that India is a highly 

multicultural country, English has been maintained and acts as a common bridging 

language across states (Mitra et al., 2003). British rule also brought with it a tradition 

of English medium education to India (Annamalai, 2004). This was maintained as 

there was no other language throughout the country which would be accepted by 

the linguistic minorities (Mishra & Stainthorp, 2007).  

Today, English is the only language that is taught in all states and in the most 

number of schools across the country (Annamalai, 2004). Individuals who speak 

English are coveted by employers (Annamalai, 2004; Mitra et al., 2003) and it has 

become a very important language particularly in higher education (Annamalai, 

2004; Cheney et al., 2005; Mehrotra, 1998) with the majority of high level institutions 

only providing English instruction. In this sense, English has the ability to influence 

the standard of living in India; with those having better English skills getting better 

job opportunities, and in turn better pay (Mehrotra, 1998; Mitra et al., 2003). As 
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parents realize the opportunity that comes with learning English, many are actively 

choosing to enroll their children in English medium schools. This is true even for 

parents from poor slum areas who have started believing that the ability to read, 

write, and speak in English will increase opportunity for their children (Dixon et al., 

2011; Mehrotra, 1998; Mitra et al., 2003).  

However, children growing up in slum communities are at a large 

disadvantage when it comes to learning the English language (Annamalai, 2004). 

Slum children often have no exposure to English prior to entering school, as parents 

typically cannot speak or communicate in English. It is also likely that these parents 

are illiterate in their mother tongue as well (Dixon et al., 2011), meaning that their 

children will have no exposure to literacy in any language prior to school entry. 

According to Nag (2013) children who miss such supports, such as having a print 

rich environment with access to reading material or an adult to read to them, tend 

to develop profiles which are similar to those with dyslexia or other reading 

difficulties. Thus, children are at high risk even before they enter school.  

Parents from this level of society, typically have two choices in terms of 

schools for their children; government -aided public schools or low-income, unaided 

private schools (Cheney et al., 2005). Due to the high demand for English, there has 

been a “mushrooming” of low-cost private schools (Tooley & Dixon, 2005), and now 

English is also taught as a primary language in public government schools. In most 

of these public and private schools, teaching quality is low and children are forced 

to rote learn a language they do not fully understand (Annamalai, 2004; Dixon et al., 

2011). On the contrary, there are also many private schools across the country which 

follow international board curriculum and provide high quality English education. 

However, these schools charge high fees making them completely inaccessible to the 

low-income population (Cheney et al., 2005).  
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3 ENGLISH MEDIUM EDUCATION IN INDIA  

India has the second largest educational system in the world, following only behind 

China (Cheney et al., 2005). The country follows a British system of education in 

which Grades 1-5 (ages 6-11) comprise of primary schooling, and Grades 6-8 (ages 

11-14) comprise of upper primary/secondary schooling (Cheney et al., 2005). 

According to the 86th amendment to the Constitution, which was made in 2002, 

education up until the age of 14 is free and compulsory for all children in India 

(MHRD, 2016). Typically, children who are attending school can choose between 

three different mediums of instruction which are Hindi, English, or the state 

language. Depending on the school, the other two languages are then introduced at 

a later time. Hindi and English are the two official languages recognized at the 

federal level. The other 15 languages are recognized at a state level and make up the 

state languages across the country (Annamalai, 2004; Dixon et al., 2011; Mitra et al., 

2003). 

In English medium schools, English is the primary language of instruction, 

meaning that all subjects are taught in English, with Hindi and the state language 

taught as second and/or third languages. Currently there are 90 million children 

across various socioeconomic statuses that are becoming literate in English (Kaila & 

Reese, 2009), and according to the latest Annual Status of Education Report (ASER), 

95.9% of children ages 6-14 are enrolled in school across India (2016). Although 

school enrollment is high, learning achievements of these enrolled children are 

consistently low (Kingdon, 2007). Across all languages, only 47.8% of children in 

Grade 5 are able to read a Grade 2 level text (ASER, 2016). When looking at English, 

of all surveyed children in Grade 3, only 19.3% could read simple words such as 

“day” or “sit” (ASER, 2016). Although the ASER report only surveys children in 

rural India, data from the National Achievement Survey (NAS) shows that the 

situation in urban India is not strikingly different. The NAS primarily uses reading 

comprehension as a measure of language and it was found that nationwide, Grade 
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5 students only scored an average of 241 out of a total 500 on the reading 

comprehension questionnaire (NCERT, 2015).  

As Dixon et al. (2011) observed through their research, currently children in 

India, particularly those in low-income schools, are taught English in a rote manner. 

They learn the names of letters and then are expected to learn “common” words 

through a whole-word method in which students essentially learn to recognize 

words through sight. Like words, sentences are also learned through rote 

memorization (Dixon et al., 2011). However, many researchers have criticized the 

whole word approach as it requires that readers memorize a large set of words and 

it does not give them the skill to read any unknown or unfamiliar words (Purewal, 

2008). The whole word approach also requires children to already have been 

exposed to a large vocabulary which is unlikely when working with slum children 

in India due to their lack of prior exposure to the language.  

4 PHONOLOGICAL AWARENESS AMONG 

BILINGUAL READERS   

Reading is complex skill which requires explicit instruction, unlike with spoken 

language, which children pick up from the environment around them (Purewal, 

2008; Wolf, Gottwald, Galyean, Morris, & Breazeal, 2014). According to researchers, 

this complexity increases when mother tongue language and the language of school 

instruction differ (Hammer & Miccio, 2006). Children in India are predominantly 

bilingual (and in some cases even multilingual), which creates a unique educational 

situation. Most children are exposed to their mother tongue prior to entering school, 

upon which they may begin to study in a language which they have no previous 

exposure. If the mother and father happen to speak different languages, then they 

may already encounter two different languages before starting formal schooling 

(Mishra & Stainthorp, 2007). However, research has shown that the development of 

English reading skills, particularly phonemic awareness, among bilingual students 
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is actually quite similar to the development of reading skills in native English 

speakers (Muter & Diethelm, 2001). Furthermore, this development has been found 

to be more reliant on instruction and individual differences than on factors such as 

fluency in English (Lesaux & Siegal 2003).  

Phonemic awareness, or the ability to map phonemes, or sounds, to their 

respective graphemes, or letters, is a crucial factor in early reading development 

(Hatcher, Hulme, & Ellis, 1994). The link between phonemic awareness and early 

reading development in native speakers of English is one which has been established 

for more than two decades now (see Hatcher et al., 1994; Torgesen et al., 1999). More 

recently, such links have also been identified in those learning English as a second 

language (Chiappe & Siegel, 2006), and phonological awareness in a first language 

may actually predict phonological awareness in English (Durgunoglu, Nagy, & 

Hancin-Bhatt, 1993).  

Researchers in Canada conducted one of the few studies examining children 

whose home language differs from the language in which they study. They 

compared children who were either native English speakers or native speakers of 

Punjabi and found that for both groups, errors in reading were due to the inability 

to apply grapheme-phoneme correspondences to unfamiliar words (Chiappe & 

Siegel, 1999) with poor readers being less skilled at this application. Another 

interesting finding was that phonological awareness did not discriminate based on 

home language, but rather based on reading skill; Punjabi children who struggled 

to read English had similar performance profiles as the native English speakers who 

were poor readers (Chiappe & Siegel, 1999). These results also support the idea that 

phonological awareness skills do transfer from the first to the second language 

(Chiappe & Siegel, 1999; Lesaux & Siegal 2003). Similar results were found for 

English reading with children whose first language is non-alphabetic. When 

comparing native English-speaking children with children whose first language was 

Cantonese, researchers found that phonological skills correlated across first and 

second languages (Lipka & Siegel, 2007). These results showed that the same factors 

contributed to reading development in both of these groups. Furthermore, it has 
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been found that even bilingual children coming from low-income backgrounds can 

acquire the same level of phonological awareness as their native English-speaking 

peers, if they get the appropriate level and type of instruction (see Hammer & 

Miccio, 2006).   

There is growing evidence that phonological awareness also plays a role with 

Indian children, in India, who are learning to read English. A study conducted by 

Nag-Arulmani and colleagues looked at struggling readers of English who spoke 

Kannada, a south Indian language, as a dominant language. Participants received 

an intervention in either phonological skill or language proficiency. At the end of 

the intervention period, it was seen that the group which received the phonological 

skill intervention showed significant improvements in reading and spelling (Nag-

Arulmani, Reddy, & Buckley, 2003). Based on these studies, we can see that 

phonological processing plays a role in reading acquisition for both native and non-

native speakers, and is an important factor in the reading development of children 

growing up in various linguistic environments when learning to read in English.  

5 READING THROUGH PHONICS   

As mentioned previously, in low-income private and government-aided public 

schools in India, English is typically taught in a rote matter (Johnston & Watson, 

2005). Children memorize whole words through sight and are therefore unable to 

decode or blend unfamiliar words (Dixon et al., 2011). Unfortunately, this whole 

word rote memorization is quite inefficient when learning a language like English. 

Many researchers agree that reading acquisition in English, is much more 

complicated than reading acquisition in many other languages, due to its deep 

orthography (see Seymour, Aro, & Erskine, 2003). The English language contains 

many irregularities and inconsistencies which make it so that graphemes and 

phonemes do not always directly correspond. These inconsistencies make the whole 



 14 

word method a very demanding task requiring children to memorize every word 

they encounter.  

On the contrary, synthetic phonics approaches, in which children learn the 

smallest units of language (graphemes and phonemes), seem to be the most logical 

way to teach the English language and support early reading development (see 

Seymour & Duncan, 1997). There is ample support for synthetic phonics programs 

among native speakers of English (ex. Johnson & Watson, 2005). Strong evidence in 

favor of synthetic phonics programs have also been found for children learning 

English as a second language. A study by Stuart (1999) looked at reading instruction 

for 5-year-old children through a synthetic phonics program, Jolly Phonics, versus a 

more holistic program which placed no explicit importance on phonics. Majority of 

the sample (N=96 out of 112) were children who were learning English as a second 

language. Results showed a significant positive effect of the Jolly Phonics 

intervention on the children's reading and writing development which persisted 

even a year after the initial intervention. Based on these results, researchers 

concluded that early structured, rapid, and focused teaching of phonetic 

manipulation actively supports development of this knowledge, even for children 

who are non-native speakers of the language (Stuart, 1999). A follow up study by 

Stuart also showed that even if children have not been taught using phonics at the 

start of school, they can catch up through structured and intensive phonics training 

(Stuart, 2004). 

Based on their success, synthetic phonics approaches have made their way to 

developing countries more recently; India being one such country of study. Dixon 

and colleagues tested the Jolly Phonics intervention with children attending English-

medium, low-income private schools in Hyderabad, India. There was an 

experimental group which received the intervention for an hour per day for 6 

months by the teacher, and a control group which received the traditional English 

instruction. Results showed a statistically significant difference between the 

experimental and control groups, with the experimental group performing better on 

tasks of reading, spelling, and sounding out letters and words (Dixon et al., 2011). 
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Finding such as these strongly support the idea that phonics interventions could be 

successful to improve emergent English literacy in India. Not only do we see that 

phonics interventions can be used with children learning English as a second 

language, but also that it can be successful with children living in slum 

environments and with those who have illiterate parents.  

6 THE GRAPHOLEARN METHOD  

GraphoLearn, previously known as GraphoGame, is a theoretically driven 

computer-assisted reading intervention that provides letter-sound training to 

children with the aim of improving children's phonemic awareness. It was originally 

devised for readers of transparent Finnish based on longitudinal data that was 

collected through the Jyväskylä Longitudinal Study of Dyslexia (Lyytinen, Erskine, 

Kujala, Ojanen, & Richardson, 2009; Lyytinen, Ronimus, Alanko, Poikkeus, & 

Taanila, 2007; Richardson & Lyytinen, 2014). The Finnish version of GraphoLearn 

was later adapted to other languages around the world, English being one.  

 GraphoLearn English is based on a theory of teaching small units, or 

individual phonemes first, as this phonetic knowledge has been shown to be a strong 

predictor of later reading skill (Hulme et al., 2002; Seymour & Duncan, 1997). There 

is a consistent presentation of the sounds in that first the single grapheme-phoneme 

correspondences are taught, then these are blended into larger units, and finally 

words are created. Later in the game, players are also shown whole words in which 

they must isolate or blend various grapheme-phoneme correspondences. 

Presentation of the grapheme-phoneme correspondences is done starting from the 

most frequent and consistent to the least (Kyle, Kujala, Richardson, Lyytinen, & 

Goswami, 2013). Overall, GraphoLearn has shown promising results in many 

countries across various languages (Brem et al., 2010; Kyle et al., 2013; Lyytinen et 

al., 2009; Ojanen et al., 2015; Saine, Lerkkanen, Ahonen, Tolvanen, & Lyytinen, 2011).  
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Prior to the current study, there has only been one study done so far using 

GraphoLearn English. Kyle and colleagues tested the efficacy of GraphoLearn on 

students who were native English speakers in the UK. They were able to show 

significant improvement in basic reading skills of the intervention group as 

compared to the controls (Kyle et al., 2013). Till date, there has been no study which 

has used GraphoLearn to support non-native speakers of a language. However, 

based on previous research that has shown that synthetic phonics programs can be 

successful with English language learners (Dixon et al., 2011; Stuart, 1999; Stuart, 

2004) and GraphoLearn’s success as an intervention, we would expect some effect 

as a result.   

7 WHY TECHNOLOGY?  

India has always been a strong player in the IT industry (Kingdon, 2007; Mitra et al., 

2003), and with technology becoming more and more affordable and accessible, it is 

only natural to see technology use in the classroom as well. Today, the tablet market 

in India is growing annually at a rate of 75% and smart phones are becoming more 

popular as low-cost models have come on the line (Central Square Foundation, 2015) 

allowing for anytime, anywhere access to education. There are a number of 

organizations (ex. Nalanda Project by Motivation for Excellence Foundation) and 

companies (ex. Educational Initiatives Pvt. Ltd.) working to bring technology into 

the classrooms of India. Researchers have found that not only is technology-led 

instruction benefiting children's learning, it is also cost effective and time effective 

(Muralidharan, Singh, & Ganimian, 2017). In a country like India where all resources 

are constantly in strain, time and money are invaluable.  

Muralidharan et al. (2017), showed the positive effects of using a technology-

aided after-school instruction program to support the improvement of children's 

math and language test scores. They attribute their positive results to the 

intervention providing high quality content and having effective delivery which 
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personalizes instruction for the students. These are all constraints that are seen in a 

typical Indian classroom which they believe contribute to low productivity. Insights 

from studies across the educational technology sector in India have shown the 

benefits of, and continuing need for, technology that allows for differentiated 

instruction through personalized learning. More specifically, it should allow for 

instant data on students and which provides support in learning language skills for 

English (Central Square Foundation, 2015). Both the intervention used by 

Muralidharan and colleagues, and applications such as GraphoLearn can support 

teachers in the classroom by allowing for differentiated student instruction and real-

time feedback (Ojanen et al., 2015). In classrooms where teachers are already faced 

with the problem of large class sizes and heterogeneous student populations, an 

application like GraphoLearn has immense potential to be a successful support for 

both students and teachers.    

8 THE PRESENT STUDY  

As it can be seen, there are a number of factors working against slum community 

children in India, when it comes to learning to read in English. Coming from homes 

where parents may also be illiterate, children are suddenly forced to learn in a 

language which they may have no prior exposure to. Mother tongue instruction also 

may not be seen as an ideal option in a place like India, where English is given such 

high importance and has the potential to open many more doors. However, the rote 

methods teachers are currently using are clearly not helping students to achieve. 

Thus, putting children in a situation where, although they are attending English 

medium schools, they many never acquire sufficient English literacy, and therefore 

may never be able to break out of the cycle of poverty. The few studies which have 

been done using synthetic phonics instruction to teach English in India have 

produced promising results (Dixon et al., 2011). However, due to the demands faced 

by teachers in India such as large class sizes and limited resources, such instruction 
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may seem like a burden. Technology may help us to overcome some of these barriers 

while allowing us to provide the high-quality literacy instruction that all children 

deserve.  

In this study, we will be using a computer-assisted reading intervention, 

GraphoLearn, to determine whether such an intervention can be successful in 

improving English grapheme-phoneme knowledge, reading, and spelling ability of 

slum children in India. We will be using a Grade 3 classroom in an English medium 

government-aided public school in Ahmedabad, Gujarat, India. We have chosen 

Grade 3 because we can assume that these children will have had at least two prior 

years of spoken English exposure (starting from Grade 1). Based on previous studies 

using synthetic phonics and based on previous GraphoLearn studies, we do expect 

to see improvement in student’s performance.  

8.1 Ahmedabad, Gujarat, India  

With a population of about 5.6 million people, Ahmedabad is the seventh largest 

city in India and the largest city in the state of Gujarat. Despite being home to many 

prestigious science and education institutions, Ahmedabad still has an illiteracy rate 

of over 21%, leaving more than a million of its inhabitants as illiterates. There are 

numerous independently-run private schools which are available for those families 

who can afford to pay the required fees for admission. For those who cannot afford 

high-income private schools, there are both low-income private schools and 

government-aided public schools. The government offers schooling options in 

Gujarati (the state language) as well as Hindi and English.  

8.2 Teach for India  

Teach for India is a non-governmental organization that has been working since 2009 

across various cities in India with a vision that, “one day all children will attain an 

excellent education” (see www.teachforindia.org). In order to achieve this, they 
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select young leaders from across the country to become fellows. Fellows are then 

placed in low-income private and public schools which have teacher shortages. 

Teach for India only intervenes in English medium schools and fellows spend two-

years as full-time teachers in their classrooms. Training for the fellows is provided 

by Teach for India as most do not come from teaching backgrounds. Curriculum and 

materials are also provided by Teach for India, however, it is up to the fellow and 

the school to decide on what material is to be taught. It is expected that Teach for 

India fellows only speak English in the classroom and all subjects are taught in 

English by the fellow. Hindi and state languages classes are then taken by another 

teacher within the school. For this study, the both the pilot and full study were done 

in a Teach for India classroom meaning that the children have been taught by Teach 

for India hired teachers since Grade 1. This decision was made solely for the reason 

that we can more confidently say that these children have been exposed to spoken 

English from their teacher prior to the start of the study.  

9 METHODS  

GraphoLearn was provided as a supplement in a Grade 3, government-aided public 

school classroom in Ahmedabad, Gujarat, India. The school was approached based 

on information retrieved from the class teacher which showed the children as having 

very low literacy levels. Permission to run the study was taken from the Ahmedabad 

Municipal Corporation School Board, along with the principal and the class teacher.  

9.1 Pilot  

Prior to the start of the full study, a small pilot was conducted including 16 children 

from a second government-aided public school. These students were also in Grade 

3 and had similar demographics as the children who participated in the full study. 

The pilot phase was run for two weeks and the primary purpose of the pilot phase 
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was to experience the type of difficulties which may arise in the full study in a hope 

to circumvent such difficulties later. After the pilot period, there were some changes 

that were made prior to the start of the full study. The math game was changed for 

the controls as the original game which was selected was not long enough for 

students to play throughout the entire study period. Another change was to the 

paper-pencil tasks. It was originally planned to conduct a standardized phoneme 

deletion task as used by Kyle and colleagues (Kyle et al., 2013) however, when 

attempted with the children during the pilot, it could be seen that children did not 

understand the task as stated by the directions. Therefore, the standardized 

phoneme-deletion task was not included in the full study.  

9.2 Participants  

Thirty-one third graders, ages 7-8 participated in the study. Data provided by the 

teacher showed that the children, on average, were performing drastically below 

grade level in literacy. Due to the lack of specialists in the school, it is unknown if 

any children had additional learning needs and no students had any formal 

diagnoses. All of the participating students were consented at the end of 2nd grade 

before they left for summer holidays to ensure that the study could begin as soon as 

possible once they returned. Parents were invited to the school and taken through 

the consent form as many were illiterate in English (see Appendix 1 for consent 

form). In total, 43 parents consented, however, only 31 children ended up 

participating in the study as some children dropped out of the school prior to the 

start of the study while other children had extremely irregular attendance or joined 

the school after the start of the study and therefore could not be included.  

Students were randomly selected for either the experimental group which 

played GraphoLearn (n=16) or the control group which played a math game (n=15). 

Groups were primarily matched based on age and gender. They were also matched 

on basic reading skills, such as letter-sound knowledge, based on the information 

provided by the teacher. All students came from low-income homes, with a majority 
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living below poverty line and all students were learning English as a second or third 

language, with no exposure at home to English. All the children, except for one, had 

been enrolled in the school from Grade 1 and they had all been in the same classroom 

with the same teacher in both Grades 1 and 2. At the end of the study, there were 3 

students who were unable to participate in all or some parts of the post-test due to 

illness. One student’s data from the control group has been removed because they 

did not participate in any of the post testing. The other 2 students’ data, both of 

whom were in the GraphoLearn group, was not removed because 1 participated in 

the GraphoLearn post-tests and the other participated in the paper-pencil post-tests. 

Significance values and effect sizes were not affected by eliminating these students’ 

data, and therefore their data has been retained. Final group sizes at post-test were 

n=16 for the GraphoLearn group and n=14 for the control group. As a reward for 

the participation and cooperation of the class teacher and students involved, a set of 

20 English story books were donated to the classroom at the end of the intervention 

period.  

9.3 Procedure 

Both groups of children played their respective games (GraphoLearn vs. Math) for 

20-30 minutes per day, 6 days a week, over a period of 8 weeks. The children played 

the game on an individual tablet with headphones. All play was done during the 

regular school day where children were pulled out of their classroom in batches of 

12 and then taken to a separate room where the tablets were set up for them. The 

researcher was present during all play sessions with the students.  

9.4 GraphoLearn 

GraphoLearn English requires players to create an individual avatar after which 

they are taken through a series of levels which are divided into streams. In total, 

there are 25 streams which contain anywhere from 5 to 9 levels each. After every 4 
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streams, there is an assessment stream in which players are assessed on letter-

sounds, rime units, and word recognition. Players are presented with individual 

grapheme-phoneme correspondences first. These are then blended into larger units, 

which can then be used to form words. GraphoLearn provides adaptive practice in 

which players both see the letter or letter string, and hear the speech sounds. They 

are expected to select out of 4-5 possible options. If they choose incorrectly, they are 

provided with automatic feedback, allowing them to correct themselves. Players 

must score above an 85% on each level within a stream in order to move on to the 

next stream. Players are rewarded with stars and coins which they can trade in to 

purchase things for their avatar. Data from the game is automatically saved to an 

external server when players exit the game so long as the device has an active 

internet connection.  

9.5 Math Game  

The math game played by the control group was a 3rd grade-level math game 

selected from the Google Play store. It provided students with basic operations 

problems (addition, subtraction, multiplication) and students were required to select 

the answer out of 4 targets provided. Students could select out of 3 degrees of 

difficulty (easy, medium, hard) and their progress in the game was saved meaning 

they could continue every session where they last left off. The math game was 

similar to GraphoLearn in that within each level there were multiple sublevels. The 

game rewarded children with stars and children were instructed to move on to the 

next level only after collecting at least two stars. The game provided no visual or 

auditory English input other than at the beginning when children had to select their 

level. The main purpose of the math game was to ensure that both groups of children 

spent equivalent amounts of time in the classroom versus outside of the classroom 

using the technology. As it can be seen in Table 1, there were no significant 

differences in the play days and times between the two groups.  
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TABLE 1 Group Characteristics   

Characteristic GraphoLearn Control   

n (Pre-Test) 16 14 - 

n (Post-Test) 15 14 - 

Gender  

(Male, Female) 
8, 8 7, 7 - 

Age (months) 91.94 (.629) 91.00 (.839)  t(28)=.91 

Playing Time (min) 470.7 (40.8) 457.3 (68.0) t(20.7)=.64 

Playing Days  21.3 (1.7) 20.8 (3.1) t(19.5)=.50  

 

9.6 Measures 

To determine efficacy of the intervention, students were assessed at pre and post 

intervention using three tasks in the GraphoLearn software. The in-game assessment 

found in the GraphoLearn software was made up of three tasks; the first which 

tested letter-sound knowledge, the second which tested rime unit recognition, and 

the third which tested whole word recognition. Three standardized paper-pencil 

tasks for reading, and one paper-pencil task for spelling were also used to see if the 

skills learned while playing GraphoLearn were being transferred. Students 

completed 3 reading tasks; the Single Word Reading subtest from the British Ability 

Scale (BAS), and the Test of Word Reading Efficiency (TOWRE) which included 

sight word reading and non-word reading. Students also completed a modified 

version of the spelling subtest from the BAS.  

9.6.1 In-Game Assessments  

All students played the in-game assessment in GraphoLearn. As mentioned, the 

assessment contains three separate tasks. The letter-sound task requires children to 

pick the correct letter, out of 4-5 options, that correspond with the sound which is 

presented to them. The rime unit task requires children to pick the correct 2-3 letter 
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string that corresponds to the pronunciation presented to them. Finally, the word-

recognition task requires children to pick the correct word to that which is presented 

to them. In all three tasks, players are presented with an auditory target which they 

then must match with a visual target, just as in the rest of the game. Both the 

experimental and control groups completed the assessment level prior to and at the 

end of the intervention period.  

9.6.2 Reading  

All students in the study completed the Single Word Reading subtest from the 

British Ability Scale (BAS; Elliot, 1987) which measures single-word reading 

accuracy. The test was administered according to the manual and requires children 

to read single-words of increasing difficulty which are listed in groups of 10. The 

test is discontinued after children miss 8 or more words within one group. Internal 

reliability of the BAS word reading task has been reported to be .98 as per test review 

(Thomson, 1997). Students also completed the Test of Word Reading Efficiency 

(TOWRE; Torgesen, Wagner, & Rashotte, 1999). The TOWRE requires students to 

accurately read aloud a list of sight words and non-words in 45 seconds. Practice 

words were given for each section. Reliability has been reported to be .91 for the 

sight words task and .92 for the non-words task as per test review (Tarar, Meisinger, 

Dickens, 2015).   It is important to note that these assessments are not standardized 

for Indian children and therefore only raw scores are provided.  

9.6.3 Spelling   

All students also completed a spelling subtest which was taking from the BAS. The 

task contains a mixture of verbs, nouns, and adjectives, some of which can be spelled 

phonetically. The dictation test was not followed according the directions which has 

different starting points based on age. Rather, the first 30 words out of the list were 

dictated to all students with the accompanying sentence. The word and or sentence 

were said a maximum of 3 times and students were expected to write down the 
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word. Final scores are reported as the raw score out of 30 which students were able 

to spell correctly. (See full dictation list in Appendix 2) 

9.7 Fidelity to the Program  

Fidelity to the GraphoLearn intervention is controlled by the game which sends 

detailed player logs to the GraphoWorld server. These logs include the number of 

days played and seconds spent playing. The first and last play day are also recorded. 

For the control group, days and time (in minutes) were recorded manually by the 

researcher.  

10 RESULTS  

Prior to analyses, the distributions of all measures were assessed for normality. The 

BAS reading measure at pre-test had two scores which were outliers and caused a 

right-skewed distribution. The TOWRE non-words measure at pre-test had one 

score which was an outlier and caused a right-skewed distribution. These scores 

were winzorized (replaced with a value that was closer to the distribution while 

retaining the order of values) to meet the assumption of normality. The remaining 

measures (GraphoLearn letter-sounds, GraphoLearn rime units, and GraphoLearn 

word recognition, TOWRE sight words, spelling) all resembled a normal 

distribution at both time points.  

Pre-Test and Post-Test Group Comparisons 

The pre-test and post-test means and standard deviations in the two study groups, 

as well as group comparison results, are reported in Table 2 for the GraphoLearn 

tasks and Table 3 for the paper-pencil tasks. First, an independent samples t-test was 

conducted to examine if there were group differences at pre-test or post-test. Due to 
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the small sample size, group differences were also analyzed using non-parametric 

measures (Mann-Whitney U), however the results did not differ from those given 

by the t-test and therefore, t-test results are reported. Effect sizes at pre-test were 

also calculated for all measures using Cohen’s d. The criteria as that defined by 

Cohen (1988) is being used in which d	≥	.2 is a small effect, d	≥ .5 is a medium effect, 

and d	≥ .8 is a large effect. 

The results showed that there were no pre-test group differences in the 

GraphoLearn tasks (see Table 2). Effect sizes were small for letter-sounds (.30), rime 

units (.18), word recognition (.08) and supported the t-test finding of insignificant 

group differences at pre-test.  

At post-test, group differences were significant for all GraphoLearn tasks; 

letter-sounds (t(27)= 5.73, p= .000), rime units (t(27)= 2.31, p= .029), and word 

recognition (t(27)= 2.07, p= .048). Effect sizes were also large for GraphoLearn letter-

sounds (2.51) and GraphoLearn rime units (.86), and medium for GraphoLearn word 

recognition (.77).  

  On the paper-pencil tasks, results showed that there were no significant 

differences between the groups at neither pre-test nor post-test. Effect size (d) for the 

group differences at pre-test was very small and supported the t-test finding of no 

group differences in BAS reading (.13), TOWRE sight words (.24), TOWRE non-

words (.23), and spelling (.24). Effect size for the paper-pencil tasks at post-test were 

also very small and again supported the t-test finding of no group differences in BAS 

reading (.03), TOWRE sight words (.08), TOWRE non-words (.09), and spelling (.05).  

 

Group Comparisons of Development from Pre-Test to Post-Test  

 

Repeated measures ANOVA was used to compare the effects of time (change from 

pre-test to post-test), group (GraphoLearn vs. control), and time*group interaction 

on the development of scores (group differences in change).  

For the GraphoLearn tasks (letter-sounds, rime units, and word recognition)., 

there was again a significant main effect of time on all three tasks (See Table 2), with 
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both groups showing changes from pre- to post-test (see Figure 1). For the letter-

sounds task, there was a significant main effect for group (F(1,27)= 12.95, p= .001), 

as well as an interaction effect for time*group (F(1,27)= 44.87, p= .000), with the 

GraphoLearn group showing significantly higher scores as compared to the control 

group. Although close, on the rime unit task, there were no significant main effects 

for group (F(1,27)= 3.09, p= .09), nor were there significant interaction effects for 

group*time (F(1,27)= 3.13, p= .09). Finally, for the word recognition task there were 

no significant group effects, (F(1,27)= 1.09, p= .32), nor were there significant 

interaction effects for group*time (F(1,27)= 2.68, p= .11). 

For the paper-pencil tasks (BAS reading, TOWRE sight words, TOWRE non-

words, and spelling), there was a main effect for time on all measures (see Table 3), 

with both groups showing improvements from pre to post-test (see Figure 2). There 

were however no significant effects of group, nor were there significant time*group 

interactions on for the paper-pencil assessments.   
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TABLE 2 Descriptive Statistics and Group Comparisons on GraphoLearn Tasks 

*p≤.05, **p≤.01, ***p≤ .001 

 
 
 
 
 
 
 
 
 
 
 

Measure Assessment GraphoLearn 
M (SD) 

Control 
M (SD) 

t Group Effect Time Effect Interaction Effect 

Letter-sounds  Pre-Test 33.3% (11.2) 36.3% (8.7) t(28)= -.81 

F(1,27)= 12.95*** 

 

F(1,27)= 25.91*** 

 

F(1,27)= 44.87***  Post-Test 63.9% (18.0) 32.1% (10.6) t(27)= 5.73*** 

Rime Units Pre-Test 16.6% (16.7) 13.6% (15.6) t(28)= .50 
F(1,27)= 3.09 F(1,27)= 18.24*** F(1,27)= 3.13 

 Post-Test 39.4% (20.5) 23.2% (17.0) t(27)= 2.31* 

Word 

Recognition  

Pre-Test 30.7% (16.3) 29.2% (19.8) t(28)= .23 

F(1,27)= 1.03 F(1,27)= 25.13*** F(1,27)= 2.68 
 Post-Test 49.0% (12.1) 39.1% (13.5) t(27)= 2.07* 
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FIGURE 1 Group Comparisons of Development from Pre-Test to Post-Test on GraphoLearn Tasks  
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TABLE 3 Descriptive Statistics and Group Comparisons on Paper-Pencil Tasks  

*p≤.05, **p≤.01, ***p≤ .001 

 

 

 

  

 

Measure  Assessment  GraphoLearn 
M (SD) 

Control 
M (SD) 

t Group Effect  Time Effect  Interaction Effect 

BAS Reading  Pre-Test 15.9 (11.5) 14.4 (12.0) t(28)= .72 

F(1,27)= .02 F(1,27)=12.39** F(1,27)= .72  Post-Test 19.7 (13.7) 20.1 (18.6) t(27)= -.07 

TOWRE Sight 
Words 

Pre-Test 15.6 (9.2) 18.3 (13.7) t(28)= -.63 

F(1,27)= .15 F(1,27)= 10.98** F(1,27)= .67  Post-Test 19.5 (12.8) 20.5 (13.2) t(27)= -.22 

TOWRE Non-
Words  

Pre-Test 6.5 (4.2) 7.6 (4.9) t(28)= .53 

F(1,27)= .02 F(1,27)= 7.86** F(1,27)= 1.23  Post-Test 9.3 (6.3) 8.8 (6.4) t(27)= .23 

Spelling Pre-Test 10.1 (8.5) 12.2 (8.9) t(28)= -.66 

F(1,27)= .09 F(1,27)= 11.95** F(1,27)= 3.67 
 Post-Test 13.7 (8.1) 13.3 (8.6) t(27)= .12 
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FIGURE 2 Group Comparisons of Development from Pre-Test to Post-Test on Paper-Pencil Tasks  
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Group Comparisons of Gain Scores 

 

Finally, groups were compared using gains scores. Gain scores were calculated by 

subtracting the pre-test score from the post-test score for each individual. Means and 

standard deviations of the gain scores for both groups are given in Table 4, along with 

group comparisons, and effect size (Cohen’s d) for GraphoLearn versus control. The 

standard errors of the effect sizes are given in parentheses.  

In regards to the GraphoLearn tasks, there was a very large effect on the letter-

sound (2.98) as well as medium effects for the rime units (.64) and word recognition (.52) 

tasks. In regards to the paper-pencil tasks, GraphoLearn group versus control group 

comparison had medium effect sizes on TOWRE non-word reading (.62) and spelling 

(.74). Effect size was small for TOWRE sight word reading (.31) but almost zero for BAS 

single-word reading. 

TABLE 4 Means and Effect Size of Gains  

***p≤ .001 
 

 

 

 

 

 Measure GraphoLearn 
M (SD)  

Control 
M (SD) 

t Effect Size  
d (SE)  

n 15 14   

GL Letter-sounds  30.57% (15.78)  -4.17% (11.67) t(27)= 6.70*** 2.98 (.35) 

GL Rime Units  22.98% (19.82)  9.51% (21.16)  t(27)= 1.77 .64 (.24) 

GL Word Recognition  19.53% (13.01)  9.91% (18.35)  t(27)= 1.64 .52 (.18) 

BAS Reading  3.53 (7.03)  3.43 (4.09) t(27)= .05 .02 (.44) 

TOWRE Sight Words  3.67 (1.25)  2.21 (4.71) t(27)= .82 .31 (.27) 

TOWRE Non-Words  2.80 (4.04)  .64 (3.46) t(27)= 1.54 .62 (.30) 

Spelling  3.73 (3.86)  1.07 (3.61) t(27)= 1.92 .74 (.28) 
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11 DISCUSSION  

The link between phonemic awareness and early reading development is one which has 

been established for more than two decades now (see Hatcher et al., 1994; Torgesen et al., 

1999). In response to such evidence, further research has been done, particularly in first 

world countries, to study effective interventions which can be used to develop phonemic 

awareness in children and prevent later reading failure (see Foorman, Francis, Fletcher, 

Schatschneider, & Mehta, 1998; Hatcher, Hulme, & Snowling, 2004; Vandervelden & 

Siegel, 1997). However, much less is known about effective literacy instruction in the 

developing world where the need is high, but access is low.  

The present study examined whether GraphoLearn, a computer-assisted reading 

intervention, could effectively support the development of basic English reading skills of 

struggling readers in India. GraphoLearn has proven to be a successful support in Finnish 

(Lyytinen et al., 2007; Lyytinen et al., 2009) as well as German (Brem et al., 2010). Kyle 

and colleagues were the first to successfully test GraphoLearn in English, which as a 

nontransparent orthography, often proves harder to learn (Seymour et al., 2003). The 

current study pushed the boundaries of GraphoLearn to look at whether it could 

successfully support slum children in India who were learning English as a non-native 

language and who typically had no exposure to English outside of the school 

environment. The sample was made up of 30 students who had just entered Grade 3 and 

were attending an English medium public school in Ahmedabad, India. Students were 

divided into either the control or experimental group with the control group playing a 

simple math game and the experimental group playing GraphoLearn for 20-30 minutes 

per day, over a period of 8 weeks. Both groups were pre and post-tested on various 

measures of reading and spelling.  

Despite a short play period (~ 7.5 hours), participant made significant gains and 

effect sizes were promising for almost all measures. The GraphoLearn intervention group 

showed the greatest improvements on the letter-sound task. These results show that 

GraphoLearn can effectively support the development of English letter-sound 
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knowledge in Indian children, despite the fact that children are non-native speakers and 

were exposed to the intervention for a limited amount of time. The ability for 

GraphoLearn to support letter-sound knowledge to this extent is of importance as letter-

sound knowledge has been identified as a critical building block in early reading 

development, even for non-native readers of English (Muter & Diethelm, 2001). There is 

also causal evidence in favor of phonemic awareness and letter-sound knowledge 

affecting early literacy skills, particularly word reading (Hulme, Bowyer-Crane, Carroll, 

Duff, & Snowling, 2012). If this is the case, then GraphoLearn can be seen as a beneficial 

intervention for such children as studies have shown bilingual children benefit just as 

much as native English speakers when they are provided with literacy interventions that 

involve explicit emphasis on grapheme-phoneme relationships (Lesaux & Siegal, 2003). 

On the rime unit and word recognition tasks, group differences were not 

significant but effect sizes were still medium to large. This suggests that with a larger 

sample, effects may have reached significance. Lack of significance may, however, also 

be partially explained by the progression of the game. As mentioned, the progression of 

GraphoLearn introduces children to all the single grapheme-phoneme correspondences 

first, before moving to consonant-vowel or vowel-consonant units; whole words are then 

introduced even later (Kyle et al., 2013). Due to limited play time, most children were 

exposed to letter-sound levels but some did not reach, or reached late, the levels which 

allowed them sufficient practice with rime units and whole-word recognition. Further 

studies are required to determine if greater play time will produce significant effects on 

the GraphoLearn rime units and word recognition tasks.  

Paper-pencil measures of reading and spelling were conducted to determine if 

there was a transfer of skills learned in-game to a non-game assessment. Effect sizes on 

the paper-pencil tasks were of medium size and comparable to the rime unit and word 

recognition in-game tasks, as well as to those found by Kyle et al. (2013) for GraphoLearn 

tested on native English speakers and as seen in other intervention studies (Torgesen, 

Wagner, Rashotte, Herron, & Lindamood, 2010). Effects, although not particularly strong, 

were double on the TOWRE sight words and non-words tasks, compared to those 

reported by Kyle et al (2013). This was a particularly surprising finding considering that 
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these were tasks which were standardized for native speakers of English. Suggesting that 

if there would have been standardized assessments for Indian ESL children, effects could 

have been even stronger. Nonetheless, the results show that skills learned in 

GraphoLearn can transfer to non-game settings even for children who are non-native 

speakers of English.  

Improvement on the sight word task is in line with research showing that 

phonemic awareness and letter knowledge both play an active role in supporting sight 

word reading of early readers (Ehri, 2014). Improvements in non-word reading support 

findings by Lesaux and Siegal (2003) who had ESL readers out-performing native English 

speakers on numerous tasks, including non-word reading. They concluded that these 

improvements can be attributed to the heightened metalinguistic awareness that ESL 

students display as they acquire English, which in turn leads to higher phonemic 

awareness. If children who are learning English as a second language do in fact have a 

heightened sense of phonological awareness, then we may actually see that GraphoLearn 

English can be more successful for bilingual or multilingual learners of English than even 

native speakers’ due to the repetitive exposure it provides to grapheme-phoneme 

correspondences. To go beyond just word reading, participants’ improvement in spelling 

was also assessed. Effect sizes for spelling were similar to those found by Kyle et al. (2013) 

and show that the skills learned within GraphoLearn were also supportive of spelling 

development even in the Indian children. This success can again be attributed to 

heightened phonemic awareness which plays an active role in childrens’ spelling ability 

(Caravolas et al., 2012; Griffith, 2001).  

Overall, the intervention produced very promising results for success in the Indian 

context where the importance of English grows, yet supports for learning the language 

are lacking. Effectiveness was comparable with the few interventions studies that have 

been done using phonics programs in the Indian setting (e.g. Dixon et al., 2011; Nag-

Arulmani et al., 2003), with comparatively less demand of resources. GraphoLearn, as an 

intervention, works by combining successful aspects of previous interventions, while 

providing individualized learning for students and easy to access data for teachers, 

factors crucial for implementation and success in a country like India (Central Square 
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Foundation, 2015; Muralidharan et al., 2017). Generalizability of these results will be of 

question and therefore, it is important that going forward, further testing be done to 

determine if results improve when the GraphoLearn is used over a longer period of time, 

with a larger population, and in other parts of India where demands may differ. 

Nonetheless, this study provides a good first step in looking at how technology, and in 

particular GraphoLearn, can be used to support the English reading skills of struggling 

readers in India.  

11.1 Limitations  

There are a few limitations that must be taken into consideration when evaluating the 

results of this study. One major limitation was a small sample size. With a sample size of 

only 30 children, we were limited by the statistical approaches that could be used on the 

data. With a bigger sample, we would have had more statistical power. Sample size also 

affected the ability to measure reliability of the GraphoLearn tasks. A second limitation 

was limited intervention time. Although the study was carried out over 8 weeks, the 

students only played for about 7.5 hours. Most inability to play was due to student 

absenteeism and/or the school being unexpectedly closed. Due to limited play time, no 

student was able to complete all the streams. Although these factors limit the results of 

this study, such problems are very real for teachers in India. Therefore, what we see as 

limited may be what we would actually see if teachers were expected to carry out such 

and intervention themselves. Third, a limitation from the point of view of practical 

implications was the full-time presence of a researcher during the intervention period. 

The presence of an adult who was fully focused on the participating children may have 

increased motivation. The researcher was also constantly supporting students by calling 

them if they were not in school and making it possible for them to play any time of the 

school day. In implementation of the game in everyday practices these conditions are not 

realistic. It is important that futures studies take into consideration the realities of 

implementation as to increase chances of sustainability (Central Square Foundation, 

2015). Finally, based on the current study, we do not know how the effects will be 
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maintained over time. In future studies, it would be important to conduct follow-ups and 

determine whether or not effects are maintained by students even post-intervention.  

11.2 Practical Implications 

The current study sheds insight into the ability of computer-assisted reading 

interventions, like GraphoLearn, to support children who struggle to read in India. A 

logical next step would be to test GraphoLearn English on a larger scale over a longer 

period. As mentioned previously, the exposure time of students to the game was quite 

limited due to many uncontrollable factors. Thus, future studies should focus on 

exposure over a longer duration to determine whether that boosts effects and leads to 

students being able to transfer the skills they learn in the game to real life situations.  

GraphoLearn also opens doors to the ability to provide interventions in children’s 

mother tongue and other native languages. According to the 2001 census, 41% or more 

than 422 million individuals are Hindi speakers. Despite the large number of speakers, 

there is still a great need for EdTech developers to cater to students who are studying in 

a native language in India (Central Square Foundation, 2015). By now it has become clear 

that technology has potential to enhance learning, particularly in developing countries 

where differentiation is necessary, but difficult for a teacher alone to achieve 

(Muralidharan et al., 2017). However, there are still critical considerations that must be 

taken into account prior to implementing technology in schools. According to The World 

Bank (2018), technology should be used as a complement to teachers rather than a 

replacement for teachers. A study in India where children were provided technology as 

a teacher substitute within the school versus a teacher compliment out of school showed 

that children in the within school group learned significantly less (Linden, 2008). As 

suggested by Muralidharan, Singh, and Ganimian (2017), it may be most efficient if 

technology is used to create what they call a “blended learning” environment in which 

teachers use the information that they can gather from the technology to guide further 

instruction. In the current study, GraphoLearn was used as an in-school intervention. 

However, there was no teacher involvement and therefore it became an isolated activity 
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that the children performed during the day. In a previous study which looked at the 

effectiveness of GraphoLearn in Zambia, it was shown that an intervention design in 

which both students and teachers were trained on and played GraphoLearn lead to the 

greatest improvements in student learning (Jere-Folotiya et al., 2014). GraphoLearn could 

provide teachers with an alternative to the currently used “whole-word” approach to 

teaching English and thus, going forward, it must be considered how the technology can 

be used in greater collaboration with teachers as well.  

 

 

 

 

 

 

 

 

 

 

 

 



 39 

REFERENCES 

Annamalai, E. (2004). Medium of power: The question of English education in India. In  

J.W. Tollefson & A.B.M. Tsui (Eds.), Medium of instruction policies: Which agenda? 

Whose agenda? (177-193). Mahwah, NJ: Lawrence Erlbaum Associates.  

 

ASER, 2016. Annual Status of Education Report (Rural) 2016. New Delhi: ASER Center.  

Retrieved from 

http://img.asercentre.org/docs/Publications/ASER%20Reports/ASER%202016 

/aser_2016.pdf 

 

Brem, S., Bach, S., Kucian, K., Guttorm, T.K., Martin, E., Lyytinen, H., … Richardson, U.  

 (2010). Brain sensitivity to print emerges when children learn letter-speech sound  

 correspondences. PNAS, 107(17), 7939-7944. doi: 10.1073/pnas.0904402107 

 

Caravolas, M., Lervåg, A., Mousikou, P., Efrim, C., Litavsky, M., Onochie-Quintanilla,  

 E., et al. (2012). Common patterns of prediction of literacy development in  

 different alphabetic orthographies. Psychological Science, 23, 678–686. doi:  

 10.1177/0956797611434536 

 

Central Square Foundation. (2015). The EdTech promise: Catalysing quality school education  

at scale. Retrieved from http://www.centralsquarefoundation.org/wp- 

content/uploads/2015/11/The-EdTech-Promise-Catalysing-Quality-School-

Education-at-Scale.pdf 

 

Cheney, G., Ruzzi, B. B., & Muralidharan, K. (2005). Profile of the Indian education system.  

 Washington, DC: National Center for Education and the Economy.  

 

 

 



 40 

Chiappe, P., & Siegel, L.S. (1999). Phonological awareness and reading acquisition in  

 English- and Punjabi- speaking Canadian children. Journal of Educational  

 Psychology, 91(1), 20-28. doi: 10.1037/0022-0663.91.1.20 

 

Chiappe, P., & Seigel, L.S. (2006). A longitudinal study of reading development of  

 Canadian children from diverse linguistic backgrounds. The Elementary School  

 Journal, 107(2), 135-152. doi: 10.1086/510652 

 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ:  

 Lawrence Earlbaum Associates. 

 

Cummins, J. (1979). Linguistic interdependence and the educational development of  

bilingual children. Review of Educational Research, 49(2), 222-251. 

doi:10.3102/00346543049002222 

 

Durgunoglu, A.Y., Nagy, W.E., & Hancin-Bhatt, B.J. (2003). Cross-language transfer of  

 phonological awareness. Journal of Educational Psychology, 85(3), 453-465. doi:  

 10.1037//0022-0663.85.3.453 

 

Dixon, P., Schagen, I., & Seedhouse, P. (2011). The impact of an intervention on  

 children’s reading and spelling ability in low-income schools in India. School  

 Effectiveness and School Improvement, 22(4), 461-482. doi:  

 10.1080/09243453.2011.625125 

 

Ehri, L.C. (2014). Orthographic mapping in the acquisition of sight word reading,  

 spelling memory, and vocabulary learning. Scientific Studies of Reading, 18(1), 5- 

 21. doi: 10.1080/10888438.2013.819356 

 

 

 



 41 

Elliot, C. D. (1987). British Ability Scales. Windsor: NFER-NELSON. 

 

Foorman, B.R., Francia, D.J., Fletcher, J.M., Schatschneider, C., & Mehta, P. (1998). The 

role of instruction in learning to read: Preventing reading failure in at-risk   

children. Journal of Educational Psychology, 90(1), 37-55. doi: 10.1037/0022- 

0663.90.1.37 

 

Griffith, P.L. (1991). Phonemic awareness helps first graders invent spellings and third  

 graders remember correct spellings. Journal or Reading Behavior, 23(2), 215-233. 

doi: 10.1080/10862969109547737 

 

Hammer, C.S., & Miccio, A.W. (2006). Early language and reading development of  

 bilingual preschoolers from low-income families. Top Language Disorders, 26(4),  

 322-337. doi: 10.1097/00011363-200610000-00005 

 

Hatcher, P.J., Hulme, C., & Ellis, A.W. (1994). Ameliorating early reading failure by  

 integrating the teaching of reading and phonological skills The Phonological  

 Linkage Hypothesis. Child Development, 65(1), 41-57. doi: 10.2307/1131364 

 

Hatcher, P.J., Hulme, C., & Snowling, M.J. (2004). Explicit phoneme training combined 

 with phonic reading instruction helps young children at risk for reading failure. 

 Journal of Child Psychology and Psychiatry, 45(2), 338-358. doi: 10.1111/j.1469-

 7610.2004.00225.x 

 

Hulme, C., Bowyer-Crane, C., Carroll, J.M., Duff, F.J., & Snowling, M.J. (2012). The  

 causal role of phoneme awareness and letter-sound knowledge in learning to  

 read: Combining intervention studies with mediation analyses. Psychological  

 Science, 23(6), 572-577. doi: 10.1177/0956797611435921 

 

 



 42 

Hulme, C., Hatcher, P.J., Nation, K., Brown, A., Adams, J., & Stuart, G. (2002). Phoneme 

awareness is a better predictor of early reading skill than onset-rime awareness. 

Journal of Experimental Child Psychology, 82, 2-28. doi: 10.1006/jecp.2002.2670 

 

Jere-Folotiya, J., Chansa-Kabali, T., Munachaka J.C., Sampa, F., Yalukanda, C., 

Westerholm, J., … Lyytinen, H. (2014). The effect of using a mobile literacy game 

to imporve literacy levels of grade one students in Zambian schools. Educational 

Technology Research and Development, 62, 417-436. doi: 10.1007/s11423-014-9342-9 

 

Johnston, R., & Watson, J. (2005). The effects of synthetic phonics teaching on reading an 

spelling attainment: A seven year longitudinal study. Retrieved from 

http://www.scotland.gov.uk/library5/education/sptrs.pdf 

 

Kaila, V., & Reese, R. (2009). Relations between Indian children’s home literacy  

 environment and their English oral language and literacy skills. Scientific Studies  

 of Reading, 13(2), 122-145. doi: 10.1080/10888430902769517 

 

Kamykowska, J., Haman, E., Latvala J.-M., Richardson, U., Lyytinen, H. (2013).  

 Developmental changes of early reading skills in six-year-old Polish children and  

 GraphoGame as a computer-based intervention to support them. Contribution to  

 a double special issue on Early Literacy Research in Poland, edited by Elżbieta  

 Awramiuk and Grażyna Krasowicz-Kupis. L1-Educational Studies in Language and 

 Literature, 13, 1-17. doi: http://dx.doi.org/10.17239/L1ESLL-2013.01.05 

 

Kingdon, G.G. (2007). The progress of school education in India. Oxford Review of 

Economic Policy, 23(2), 168-195. doi: 10.1093/icb/grm015 

 

 

 

 



 43 

Kyle, F., Kujala, J., Richardson, U., Lyytinen, H., & Goswami, U. (2013). Assessing the  

 effectiveness of two theoretically motivated computer assisted reading  

 interventions in the United Kingdom: GG Rime and GG Phoneme. Reading  

 Research Quarterly, 48(1), 61-76. doi: 10.1002/rrq.038 

 

Lesaux, N.K., & Siegel, L.S. (2003). The development of reading in children who speak 

 English as a second language. Developmental Psychology, 39(6), 1005-1019. doi:  

 10.1037/0012-1649.39.6.1005 

 

Linden, L. (2008). Complement or substitute? The effect of technology on student achievement  

 in India. (InfoDev working paper no. 17). Washington, DC: World Bank.  

 Retrieved from  

 http://documents.worldbank.org/curated/en/804371468034237060/Compleme 

 nt-or-substitute-The-effect-of-technology-on-student-achievement-in-India 

 

Lipka, O., & Siegel, L.S. (2007). The development or reading skills in children with  

 English as a second language. Scientific Studies of Reading, 11(2), 105-131. doi:  

 10.1080/10888430709336555 

 

Lyytinen, H., Erskine, J., Kujala, J., Ojanen, E., & Richardson, U. (2009). In search of a  

 science-based application: A learning tool for reading acquisition. Scandinavian  

 Journal of Psychology, 50, 668-675. doi: 10.1111/j.1467-9450.2009.00791.x 

 

Lyytinen, H., Ronimus, M., Alanko, A., Poikkeus, A., Taanila, M. (2007). Early  

 identification of dyslexia and the use of computer game-based practice to  

 support reading acquisition. Nordic Psychology, 59(2), 109-126. doi:  

 http://dx.doi.org/10.1027/1901-2276.59.2.109 

 

Mehrotra, R.R. (1998). Indian English: Texts and interpretation. Amsterdam, Netherlands:  

 John Benjamins Publishing Company. 



 44 

MHRD. (2016). Right to Education. Retrieved from http://mhrd.gov.in/rte 

 

Mishra, R., & Stainthorp, R. (2007). The relationship between phonological awareness  

 and word reading accuracy in Oriya and English: A study of Oriya-speaking  

 fifth-graders. Journal of Research in Reading, 30(1), 23-37. doi: 10.1111/j.1467- 

 9817.2006.00326.x 

 

Mitra, S., Tooley, J., Inamdar, P., & Dixon, P. (2003). Improving English pronunciation:  

 An automated instructional approach. Informational Technologies and International  

 Development, 1(1), 75-84. doi: 10.1162/itid.2003.1.1.75 

 

Muralidharan, K., Singh, A., & Ganimian, A. J. (2016). Disrupting education? Experimental  

 evidence on technology-aided instruction in India. (Working paper no. 22923). 

 Cambridge, Massachusetts: National Bureau of Economic Research. Retrieved 

 from http://www.nber.org/papers/w22923.pdf 

 

Muter, V., & Diethelm, K. (2001). The contribution of phonological skills and letter  

 knowledge to early reading development in a multilingual population. Language  

 Learning, 51(2), 187-219. doi: 10.1111/1467-9922.00153 

 

Nag, S. (2007). Early reading in Kannada: The pace of acquisition of orthographic 

 knowledge and phonemic awareness. Journal of Research in Reading, 30(1), 7-22.  

doi: 10.1111/j.1467-9817.2006.00329.x 

 

Nag, S. (2013). Low literacy attainments in school and approaches to diagnosis: An  

 exploratory study. Contemporary Education Dialogue, 10(2), 197-221. doi: 

10.1177/0973184913484997 

 

 

 



 45 

Nag-Arulmani, S., Reddy, V., & Buckley, S. (2003). Targeting phonological  

 representations can help in the early stages of reading in a non-dominant  

 language. Journal of Research in Reading, 26(1), 49-68. doi: 10.1111/1467- 

 9817.261005 

 

NCERT. (2015). What Students of Class V Know and Can Do: A summary of India’s National  

 Achievement Survey, Class V, Cycle 4, 2015. New Delhi: National Council of  

 Educational Research and Training. Retrieved from  

 http://www.ncert.nic.in/departments/nie/esd/pdf/NAS_Class_V_(Cycle%204 

 )_Summary_Report_National.pdf 

 

Ojanen, E., Ronimus, M., Ahonen, T., Chansa-Kabali, T., February, P., Jere-Folotiya, J.,  

 … Lyytinen, H. (2015). GraphoGame-a catalyst for multi-level promotion of  

 literacy in diverse contexts. Frontiers in Psychology, 6(671), 1-13. doi:  

 10.3389/fpsyg.2015.00671  

 

Purewal, S. (2008). Synthetic phonics and the literacy development of second language young 

learners: A literature review of literacy ideologies, policies and research (Unpublished 

Master’s thesis) Leeds University, Leeds, UK. 

 

Richardson, U., & Lyytinen, H. (2014). The GraphoGame method: The theoretical and  

 methodological background of the technology-enhanced learning environment  

 for learning to read. Human Technology, 10(1), 39-60. doi:  

 http://dx.doi.org/10.17011/ht/urn.201405281859 

 

Saine, N.L., Lerkkanen, M., Ahonen, T., Tolvanen, A., & Lyytinen, H. (2011). Computer- 

 assisted remedial reading intervention for school beginners at risk for reading  

 disability. Child Development, 82(3), 1013-1028. doi: 10.1111/j.1467- 

 8624.2011.01580.x  

 



 46 

Shri, P., & Doshi, B.V. (n.d.) Amdavad Municipal Corporation: The City. Retrieved 

from  

https://ahmedabadcity.gov.in/portal/jsp/Static_pages/introduction_of_amdav 

ad.jsp 

 

Seymour, P.H.K., Aro, M., & Erskine, J.M. (2003). Foundation literacy acquisition in  

 European orthographies. British Journal of Psychology, 94, 143-174. doi:  

 10.1348/000712603321661859 

 

Seymour, P.H.K., & Duncan, L.G. (1997). Small versus large unit theories of reading  

 acquisition. Dyslexia, 3, 125-134. doi: 10.1002/(SICI)1099- 

 0909(199709)3:3<125::AID-DYS85>3.0.CO;2-4 

 

Stuart, M. (1999). Getting ready for reading: Early phoneme awareness and phonics  

 teaching improves reading and spelling in inner-city second language learners.  

 British Journal of Educational Psychology, 69, 587-605. doi:  

 10.1348/000709999157914 

 

Stuart, M. (2004). Getting ready for reading: A follow-up study of inner city second  

 language learners at the end of Key Stage 1. British Journal of Educational  

 Psychology, 74, 15-36. doi: 10.1348/000709904322848806 

 

Tarar, J.M., Meisinger, E.B., & Dickens, R.H. Test Review. Canadian Journal of School  

 Psychology, 30(4), 320-326. doi: 10.1177/0829573515594334 

 

The World Bank. (2011). Poverty & Equity Data Portal. Retrieved from  

 http://povertydata.worldbank.org/poverty/country/IND 

 

 

 



 47 

The World Bank. (2012). India’s Poverty Profile. Retrieved from  

 http://www.worldbank.org/en/news/infographic/2016/05/27/india-s- 

 poverty-profile 

 

The World Bank. (2018). World Development Report 2018: Learning to Realize Education’s 

Promise. Washington, DC: World Bank. doi:10.1596/978-1-4648-1096-1. 

 

 Thomson, M. (1997). Test Review. In J.R. Beech & C. Singleton. (Eds.), The Psychological 

Assessment of Reading (pp. 297-298). London: Routledge.  

 

Tooley, J., & Dixon, P. (2005). Private education is good for the poor: A study of private  

 schools serving the poor in low-income countries. Washington D.C.: Cato Institute. 

 
 
Torgesen, J.K., Wagner, R.K., & Rashotte, C.A. (1999). Test of Word Reading Efficiency.  

 Austin, TX: Pro-Ed. 

 

Torgesen, J.K., Wagner, R.K., Rashotte, C.A., Herron, J., & Lindamood, P. (2010).  

 Computer assisted instruction to prevent early reading difficulties in students at  

 risk for dyslexia: Outcomes from two instructional approaches. Annals of  

 Dyslexia, 60(1), 40-56. doi: 0.1007/s11881-009-0032-y 

 

Torgesen, J.K., Wagner, R.K., Rashotte, C.A., Rose, E., Lindamood, P., Conway, T., &  

 Garvan, C. (1999). Preventing reading failure in young children with  

 phonological processing disabilities: Group and individual responses to  

 instruction. Journal of Educational Psychology, 91(4), 579-593. doi: 10.1037/0022- 

 0663.91.4.579 

 

UNESCO (2015). India. Retrieved from http://uis.unesco.org/country/IN 

 



 48 

Vandervelden, M.C., & Siegel, L.S. (1997). Teaching phonological processing skills in  

 early literacy: A developmental approach. Learning Disability Quarterly, 20(2), 63- 

 81. doi: 10.2307/151121



 49 

APPENDICES  

Appendix 1: Participant Consent Form  

 

	
	
	

	
CONSENT AND EXAMINATION FORM	

 
GraphoGame English 

Reading Support for Children-India 
 
 

Name of Child: ………………………………………………………………………………… 

Age: ………………Sex: …………………….Code: ………………………………………….. 

School: ………………………………………………………………………………………… 

 
Dear Parent/Guardian,  
 
My name is Priyanka Patel. I am a Master’s degree student at the University of 
Jyväskylä in Finland. I am currently conducting a study looking at GraphoGame 
English as a reading intervention for children in India. The main aim of this research is 
to determine whether GraphoGame English is effective at improving English reading 
skills of children in English medium schools in India.  
 
Your child’s classroom has been selected to take part in this study and we request your 
permission to enable your child to take part. Should you agree, your child will be 
participating by playing GraphoGame on the tablet for 15-20 minutes per day, 6 times a 
week, for a specified period of time. They will also be participating in some paper-
pencil exams to assess their progress.   
 
Risk and Benefits: There are no risks involved in this study. Benefits are that your child 
will be exposed to a new way of learning how to read as well as get a strong start to the 
new school year. Your child will also benefit from the knowledge the class teacher will 
acquire through this research.  
 
Participation Rights: Your consent is being given voluntarily; you may refuse to allow 
your child to participate in the entire study or any part of the study. You are also free to 
withdraw your child from participation at any time during the study.  
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CONSENT AND EXAMINATION FORM 
 

GraphoGame English 
Reading Support for Children-India 

 
Declaration by parent/guardian: 
I have read and understood this confidential request and I give consent for my child to 
take part in the Reading Support for Children Research. I understand that I am free to 
withdraw my child from the study at any time.  
 
Parent/Guardian’s Name                                     Signature 
 
 
____________________________________          ____________________________________ 
 
Researcher                                                                Signature 
 
 
____________________________________          ____________________________________ 
 
Contacts: If you would like to ask any further questions about the research then you can 
contact the principal investigator: 
 
Principal Investigator (S): 
 
Priyanka Patel  
University of Jyväskylä, Finland, 40014 
Jyväskylä, Finland  
 
Mobile in Finland: +358-41-7549502 
Email: priyanka.v.patel@student.jyu.fi 
 
Prof Heikki Lyytinen  
University of Jyväskylä, Finland, 40014 
Jyväskylä, Finland  
 
Mobile in Finland: +358-50-5524892	 
Email: heikki.j.lyytinen@jyu.fi 
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Appendix 2: Spelling Dictation List  

 

1. On  

2. And  

3. The  

4. Up 

5. Go 

6. Big 

7. Sit 

8. Bus 

9. My  

10. Box 

11. Was 

12. Home 

13. Old 

14. Do 

15. Play 

16. Back  

17. That  

18. Down  

19. Eat  

20. Come  

21. Are  

22. Well  

23. New  

24. Work  

25. Bird  

26. Walk  

27. Boat  

28. Soil  

29. Morning  

30. Eight  
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Appendix 3: Pictures from Intervention 
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