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Abstract 

Reading is an important outcome leading 
to academic success in life.  Young 
children with undetected phonological 
processing deficits; difficulties in naming 
letters, poor vocabulary and poor 
recognition of sight words and who do not 
benefit from early literacy intervention are 
disadvantaged. Recent developments see 
the rapid rise in using technology as a 
powerful tool in helping early literacy 
learners in reading and writing skills.  

The authors find it timely thus to 
undertake a localized investigation on the 
effects of using computer-based 
intervention to support young children 
identified with reading difficulties.  This 
exploratory study included the selection of 
thirty (30) participants from the Learning 
Support Programme (LSP) especially 
designed to cater to students with reading 
difficulties. The experimental intervention 
uses Earobics©; an interactive software 
programme in addition to the current LSP 
programme. 
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Introduction 

Very few research studies have been done in a Singaporean context on the use of interactive 
tools in early literacy skills. This inquiry designed as an experimental study seeks to examine 
the effects of Earobics, a computer-based program as an intervention on the phonological 
awareness and auditory processing skills of children referred for reading difficulties.  In 
Singapore mainstream schools, all children need to be tested by the Learning Support Co-
ordinator (LSC) on their reading skills upon point of entry at Primary 1. Those identified as 
“at-risk” are then channelled to the Learning Support Programme (LSP).  

This inquiry is written with the end of searching for an evidence-based, field-tested software 
intervention tool which can help both typical and atypical (Special Education Needs) children 
referred for reading difficulties in a Singaporean context. Recent studies have indicated how 
the lack of phonological awareness manifested as Language Learning Impairment (LLI), 
Specific Language Impairment (SLI) and Specific Reading Disorder (SRD) impact on the 
language, spelling and reading skills of young children. Chia et al. (2010) cited the high 
number of children estimated at 6-7% enrolled in primary schools diagnosed with SLI that 
lead to future reading difficulties. In recent years, the use of Computer-based Auditory 
Training (CBAT) programs has been recommended for children with Auditory Processing 
Disorder (APD). Hence, the need to address this issue with early intervention becomes 
imperative.   

Literature Review 

Literature on the use and effectiveness of the use of Earobics; as a software interactive tool to 
support children lacking in phonological awareness and who have auditory processing 
deficits in a Singaporean context are only recently emerging. Early reading intervention in 
young children is of prime importance to ensure academic success in life. It is the shared 
responsibility of all stakeholders to help young children reach their potential in literacy 
development. The rapid rise in the use of technology software such as Earobics, FastForWord 
and Clicker 5 for children with reading disabilities warrants an exploratory study on their 
effectiveness and impact on reading outcomes particularly in a local Singapore context. 
Lessons learnt from a critical review of these software tools may be useful in a search for an 
appropriate intervention tool to help children referred for reading difficulties. 

Importance of Early Identification  

Lane et al. (2002) pointed out how much attention has been focused to narrow the gap known 
as the “Mathew effect” where early reading progress somehow translates to later successes 
and its converse where early debility leads to possible failures (Stanovich, 1986). Attempts to 
bridge the gap have been made through best practices in early detection and intervention 
(Adams, 1990; Snow, Burns, & Griffin, 1998) and the use of technology for improving 
children’s emergent literacy skills particularly those that can be attributed to poverty and 
disabilities (Barnett, Brown, & Shore, 2004). Moody (2010) emphasized intervention in early 
literacy as cost-effective measures with the potential to improve the success rate of children 
at-risk of academic failure. 

Early concepts on reading readiness suggest learning to read can not begin prior to formal 
instruction. There seems to be a maturational point in time when children are ready to read 
and write (Teale & Sulzby, 1986). The reading readiness perspective indicates that the 
development of literacy skills in early childhood education are not important. However, over 
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the past two decades, research has shown that a significant relationship exists between oral 
language and reading development; hence, the importance of early literacy skills (Justice, 
2006). This has given rise to the concept of emergent literacy that seeks to provide 
experiences along a literacy continuum; exposing young children through interactions with 
text, pictures and sound, forming the basic foundation for subsequent reading skills (H. 
Parette, J. Hourcade, J. Dinelli, & N. Boeckmann, 2009). 

Contemporary understanding of emergent literacy development seeks to integrate both 
reading and writing skills in young children, rather than sequentially (Teale & Sulzby, 1986).  
Parette et al. (2009) cited that it can be done through promoting experiences in meaningful 
interaction with oral and written language, an idea supported by other scholars and 
practitioners. Children who are exposed to literacy-related experiences during early 
childhood (3 to 4 years) show much greater gains in emergent literacy (Dickinson & 
McCabe, 2001; Neuman & Wright, 2010). These may include playing language-sound games 
and interactive storybook reading with pre-schoolers promoting many aspects of language 
and literacy development (Foy & Mann, 2003; Wasik & Bond, 2001).  Other benefits include 
increased attention spans, confidence, motor skills and development of metacognitive skills 
and school readiness (Xiaoming, Melissa, & Bonita, 2006).   

However, there are concerns for young children (below 3 years) about the use of computers 
as possible obstacles to experiential learning that takes place through the honing of their 
developmental skills manifested in crawling, walking, talking and making friends (Haugland, 
2000; Hohmann, 1998).  Controversies include the negative effect or possible harm such as 
perceived threats to readiness in terms of physical and cognitive development (Dodd & 
McIntosh, 2010).   

Language Impairments and Reading Difficulties 

Chia and Poh (2009) contend that children with Speech Language Impairment (SLI) or 
Dyslexia as a Specific Reading Disability (SRD) face difficulties in phonological processing 
and short-term verbal memory. Other terms associated in language impairments include 
developmental dysphasia, developmental language disorder, language delay, language 
disability and language deviance (Chia & Poh, 2009).  These language-learning disabilities 
are generally accepted by most professionals as a specific challenge whereby one set of skills 
(i.e. spoken language) is less developed than another (i.e. visual-perceptual abilities) (Muter 
& Likierman, 2008). This group of children with difficulties in phonemic awareness and 
auditory processing face difficulties in reading and spelling/writing. Children with language 
difficulties possess limited word knowledge or vocabulary and often face difficulty to string 
words together to form sentences (Muter & Likierman, 2008). Children with language-
learning disabilities have similar difficulties at the cognitive level especially in the area of 
phonological awareness and short-term verbal memory (Muter & Likierman, 2008).  

Early Literacy Intervention (ELI) 

The path to reading proficiency for children has been argued to start even before commencing 
school and receiving formal reading instruction. Young children in their infancy stage start to 
develop literacy skills through oral language communication. Through exposure to print, they 
begin to have awareness in connecting print and oral language. Early literacy intervention for 
young children in appropriate learning experiences can help to prevent reading difficulties 
and promote success in academic achievement. However, there is an issue on sustainability as 
literacy development in early childhood education is not enough. Good et al. (2001) point out 
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the “fade-out effects” as documented in the Head Start report showing initial positive 
findings that was followed by a drop in literacy skills in subsequent years. Hence, the need to 
provide continuous support in development of early literacy skills in young children from K 
to Grade 2 becomes vital (Foorman & Moats, 2004). 

In the Singapore context, young children (typical and atypical) are promoted to primary 
school after graduation from Kindergarten. All of them will be tested on literacy skills by the 
LSC before the commencement of primary education. Those unable to meet the “Pass” 
criteria of the School Readiness Test (SRT) will be channelled to the LSP.  From 2013 
onwards, the SRT was renamed as Early Literacy Intervention (ELI). The LSC will 
administer the Singapore Word Reading Test (SWRT) on these children to assess their 
reading age. Research has shown a close relationship between initial phoneme (or 
phonological) awareness and reading skills; it can be argued that lack of phoneme awareness 
leads to reading difficulties (Edelen-Smith, 1997). 

To prevent reading failure, there is support offered in the current LSP for children at Primary 
1 and Primary 2 levels for early literacy intervention. In the LSP, Dynamic Indicators of 
Beginning Early Literacy Skills (DIBELS) is used to progressively monitor the literacy 
development of children referred for reading difficulties in the critical early school years.  

Early Literacy Skills 

Scholars and practitioners have stated that reading competency is related to foundational 
skills in beginning reading. Foundation skills include (a) Phonological awareness or the 
ability to hear and manipulate the sound structure of language, (b) Alphabetic principle which 
includes the alphabetic understanding or the mapping of print to speech and the phonological 
recoding of letter strings into corresponding sounds and blending stored sounds into words, 
and (c) Accuracy and fluency with connected text or the facile and seemingly effortless 
recognition of words in connected text.  

Significance of Phonological Awareness 

Research on early reading achievement has identified phonological awareness as a 
“potentially important variable” (Stanovich, et. al., 1984: 175) As well as being claimed to be 
both a reliable predictor of reading achievement and a key to beginning reading acquisition, 
strong phonological awareness could help young children in the understanding of grapheme-
phoneme (letter-sound) relationships (Fox and Routh, 1983; Jorm & Share, 1983). Loeb et. 
al. (2009) stated that difficulties in Phonological Awareness (PA) and phonemic awareness 
leads to poor reading skills. Research has also shown that children with phonemic awareness 
tend to decode words easier (Ehri et al., 2001). Phonemic awareness and auditory memory 
are thus associated with reading achievement.  

Significance of Auditory Memory 

The capacity to hold information in working memory is crucial whilst engaging in different 
types of learning activity. Children with language learning disabilities tend to have 
impairments of working memory compared to typical children. According to Lobe (2009), 
one of the main causes in reading difficulties is due to auditory processing deficits.  Children 
with poor working memory struggle in accessing phonological (letter-sounds) and semantic 
(meanings of words/sentences) information in them to complete the task; leading to poor 
reading and comprehension. 
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Early Literacy Intervention using computer software tools 

Many educational software programmes were developed to help young children referred for 
reading difficulties. Among them, most research studies were done on FastForWord  
(Scientific Learning Corporation, 1998) considered to be an auditory intervention through 
manipulating the rate and intensity of stimuli and Earobics  (Cognitive Concepts, 1997) 
considered to be language rather than an auditory intervention. Many studies have shown that 
young children do benefit to some extent in acquiriung PA skills from computer-based 
software intervention. Al Otaiba et al. (2009) cite past studies examining the efficacy of early 
phonological interventions for young children with speech and language impairments (SLI). 
This is reinforced by studies that cite early language and phonological skills as strong 
predictors of successfull reading development (Lonigan, 2004; Storch & Whitehurst, 2002). 
Hence, the findings on phonological intervention research studies and the effect of computer-
based intervention on phonological awareness in emergent and early literacy skills of children 
with reading disabilities/difficulties are vital in search of empirical evidence of how software-
based intervention tools help children in a local Singapore context. Also, care must be taken 
when choosing an appropriate evidence-based software tool for local use. When possible, it is 
best to localize the selected software tool to suit a country’s requirements pertaining to its 
pedagogic design, content and user-interface design (Nikolopoulou, 2007). Localization is 
adapting a software product in another environment/country taking into consideration the 
language, culture and other requirements such as the use of Earobics software in Singapore 
schools.  

Experimental Study 

Scholars and special education practitioners have argued about possible benefits accruing 
from the use of technology for at-risk students (National Reading Panel, 2000). This 
perspective is crystallied in the No Child Left Behind Act (NCLB) which acknowledges the 
potential use of technology and promotes the purchase of software to support reading 
instruction. Given that all young learners, including those who are at-risk or have disabilities 
will increasingly engage with ever-growing use of technologies, this inquiry sought to 
examine the effects of Earobics, a computer-based programme for children at-risk and those 
with special education needs. The programme was designed to develop phonemic awareness 
and letter-sound knowledge through engaging games. The activities aim to improve sound 
recognition, auditory memory for sounds and words, sequencing sound, blending and sound 
discrimination. In this inquiry, we examined the effect of Earobics (computer-based 
programme) intervention on the language, phonological awareness, reading and spelling 
skills of pupils at-risk (including pupils with special education needs) in a Singapore 
mainstream school and addressed the following two research questions: 

1.  Can Earobics intervention programme be used in training at-risk students to achieve gains 
in phonemic awareness, language, or reading-related skills? 

2.  Were the children exposed to Earobics intervention in this experiment experience gains in 
phonemic awareness, language, or reading-related skills? 

Methods 

Participants 
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All participants can be selected based on their Individualized Education Plan (IEP)’s goals on 
improving their reading skills. Thirty pupils in the LSP with a reading age less than or equal 
to five years participated in this experiment. The current inquiry took place in a local primary 
school during Term 3 (typically from late June to early September) and Term 4 (typically 
from mid-September to mid-November) in the 2011.  Participants were taken from the LSP 
where these children (typical and atypical) are referred for reading difficulties. A sample size 
of 30 pupils (age range: seven to eight years) participated in this research experiment. Of the 
30 participants, five were female and 25 male.  In regards to race, seven children were Malay, 
22 children were Chinese and one Indian.  Both Control Experimental Groups have equal 
numbers of participants (15 children). A total of 10 children from Primary 1 and five children 
in Primary 2 were randomly selected for either the experimental and control group. The 
Earobics  intervention for the experimental group was implemented in a computer room with 
groups of five students each. This research inquiry is limited only to children at Primary 1 
and 2 levels.   

Setting and Materials 

Six computer stations were installed in the Special Needs Officer (SNO) room with six high 
quality headsets. All participants were seated in their assigned computer stations containing 
the Earobics software in the SNO’s room. During each session, the participants faced their 
own desktop computer monitor where they could only select and play the type of game as 
instructed by the Allied Educator (formerly known as SNO).  A video camera was placed in 
the SNO’s room to record the participant’s verbal and nonverbal behaviours such as 
enthusiasm, engagement and interaction with their peers and/or mouse manipulation during 
the intervention session. Two Focused Group Discussions (FGD) and interviews with the 
participants’ Form Teachers (i.e. the teacher responsible for all the students in the same class 
in a given school) were conducted before and after the intervention period. The FGD 
conversations and interviews were recorded in audio and were also video recorded. 

Procedure 

All 30 participants were pre-tested and separated into two matched groups (Control & 
Experimental or Earobics) comprising 15 participants each. In matching the pairs, factors 
taken into consideration include their reading age, grade level, risk level (At-risk/Some 
Risk/Low Risk).  The DIBELS benchmark goals were used to assess and identify the children 
on their reading age and degree of risk level for difficulties in early literacy. Letter Naming 
Fluency (LNF) is a standardized test measuring risk for early reading difficulties (Kaminski 
& Good, 1996). Every child was tested on naming the letters within a (1) minute time 
duration. All the participants were subjected to the current LSP which include the Buddy 
Reading Programme (BRP).  The Experimental Group was subjected to Earobics-intervention 
sessions; 30 minutes per session, five times a week for 10 weeks, with supervision during the 
sessions. Children who received the Earobics intervention were each assigned a computer 
station with stereo headphones in a computer room set up for this inquiry. One professional, 
an Allied Educator (AED) or LSC would supervise each group of five children during the 
intervention period. The only instruction that the child received was through the pre-recorded 
messages that come from the Earobics software program. The children were supervised 
closely and encouraged to remain actively involved in their assigned intervention during the 
sessions. Children used their computers to play each of the five games within the Earobics 
program during the 30 minute intervention period. To ensure children play all five games, the 
choice of games was controlled. For the first month, the children were restricted to play two 
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games (Calling All Engines and Paint by Penguins). They were allowed to play an additional 
game (Pesky Parrots) in the following month. After one and half months into the Earobics  
programme, they were not restricted and were allowed to play all the five games which 
included two new games (Hippo Hops and Duck Luck).  The Earobics Step 2 software 
(Cognitive Concepts) has five computerised instructional games targeting language, non-
speech, and speech discrimination skills. Four of the games target phoneme awareness (Paint 
by Penguins, Pesky Parrots, Hippo Hoops, Duck Luck). The remaining game; Calling All 
Engines, target auditory memory.  The participants received rewards such as a built-in point 
system in the Earobics software when they have completed all tasks and move on to the next 
level. Also, verbal praises for good behaviour were given by the respective AED or LSC 
during the intervention sessions. The LSC carried out the DIBELS scoring on the Oral 
Reading Fluency (ORF) and Nonsense Word Fluency (NWF) tasks for each individual child 
for the month of July and August, 2011 in Term 3 and November, 2011 in Term 4.  Every 
term is of 10 weeks duration. All participants needed to go through pre- and post-tests to 
monitor their progress. The unit of analysis is the participant’s DIBELS scores. Video 
recordings were also done during the Earobics sessions on the participant’s interaction with 
the computer. The collected video recordings would be used for follow-up studies. However, 
for this current exploratory study, analyses of video recordings were not employed. 

Measures 

The LSC used the norm-referenced measuring tool, DIBELS in testing the children on their 
reading skills which may include LNF, NWF, ORF and Phoneme Segmentation Fluency 
(PSF) to assess their phonemic awareness and reading related skills. The DIBELS provides 
early identification of children needing support in early literacy skills (Langdon, 2004). 
Under the LSP, the progress monitoring of every pupil at-risk is conducted on a Termly-basis 
(Term 1 to Term 4). The LSC administers the DIBELS test scoring through a one minute 
reading task. Progress is monitored for a year and the pupil can only be discharged from the 
LSP in the first year provided he/she meets the passing criteria spelt out in the DIBELS. 
Phoneme Segmentation Fluency (PSF) is a standardized test measuring phonological 
awareness (Kaminski & Good, 1996).  LSC orally presents a word of three or four phonemes. 
The pupil needs to produce verbally the individual phonemes for each word, e.g. LSC reads 
out the word “sat” and the child needs to say /s/ /a/ /t/ to get three points for the word. 
Nonsense Word Fluency (NWF) is a standardized test of the alphabetic principle including 
letter-sound and ability to blend letters into words. Oral Reading Fluency (ORF) is a 
standardized test measuring phonological awareness and the participant’s ability to recognize 
and read the words in a given passage. The total number of words read correctly will be the 
score for the ORF task. 

Data Analysis  

The Statistical Package for the Social Science (SPSS) software Version 18 was used to 
analyse the data collected from the norm-referenced instrument, DIBELS scoring test (LNF; 
ORF; NWF) with other factors such as Gender; Race; Digital Divide (i.e. the availability or 
non-availability of computer use in the participant’s home); Socioeconomic Status (SES); and 
Types of Special Needs on every participant. For the purpose of this experiment, the Pre- and 
Post- test on the ORF, NWF and LNF were administered for both the Control group and 
Earobics  group.  
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Variables 

The control variables are the SES (categorical variable) and Digital Divide (dummy variable). 
The SES indicates the participants’ residential type of either a Housing Development Board 
(HDB) flat which is the predominant public housing facility offered to over 80 per cent of the 
population; an executive flat, a condominium unit  or private property and Digital Divide 
measuring access (or non-access) to a computer at home. Lee et al. (2009) cited studies 
showing that SES is the best predictor of academic achievement. Commentators cite that 
Digital Divide is a significant variable on school performance when students have home 
access to computers (Attewell & Battle, 1999).  With the assumption that SES and Digital 
Divide can influence academic achievement, these two variables can be used as controlling 
variables, in the case of this experiment they were employed as covariates. Comparisons 
between the two groups of Control and Earobics can be made on the influence of these two 
variables: SES and digital divide on participants’ performance in phonological awareness and 
reading- related skills. 

The independent variable (IV) is the Earobics software programme as an intervention tool 
used by the participants in the Experimental group. The Dependent Variable (DV) is the 
DIBELS scores in measuring the gains in phonological awareness and memory skills of the 
participants. Based on this research design, the data may be used to test hypotheses.  

Generalised linear model (GLM) and One-way ANOVA (for between groups and within 
groups) were used to establish relationships between LNF; NWF; ORF and each of the 
variables (Gender, Race, SES, Digital Divide, Parents Education) through a comparison of  
the mean scores in both groups. One-way ANOVA and subsequent Post Hoc multiple 
comparisons were used to establish any significant differences between the groups, taken two 
at a time. Three test sessions for ORF and NWF were conducted by the LSC during the 
Earobics  intervention period. Pre-test measures were administered in Term 1 before the use 
of Earobics  programme.  Earobics  intervention commenced on the first week of Term 3 and 
two post-test  measures were administered in July and August for Term 3 and the final post-
test at the end of the intervention period in November for Term 4.  The outcomes of the three 
post-tests in ORF and NWF directly address the research question on the effect of Earobics  
programme used in intervention for possible gains in phonemic awareness, language, or 
reading-related skills. 

Results  

To determine the effect of Earobics  intervention, we GLM repeated measures analysis to 
evaluate the differences in phonemic awareness on both groups over time. Using the GLM 
repeated measures analysis; a significant Group x NWF/ORF interaction would indicate that 
there is a difference on the treatment conditions. Post hoc tests were conducted for those 
effects that reached a value of p <.05 significant level. There may be instances where medium 
effect sizes were present but these were not statistically significant. This could be due to 
small sample size, more participants could have resulted in obtaining a more acceptable 
significance level.  

Hypothesis Test: Between-subjects analysis of variance (ANOVA): pre- & post-
NWF/ORF/LNF for Control group & Earobics  group 
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Using ANOVA, we conducted the hypothesis testing for NWF, ORF and LNF. The null 
hypothesis, (H0) states that the Earobics treatment has no effect. The alternative hypothesis 
(H1) states that there is a change, a difference for the sample tested in the context of Earobics. 
This hypothesis seeks to determine if the mean scores registered in the NWF, ORF and LNF 
tests are different for the Earobics  and Control groups. If the tests of hypothesis indicate a 
difference in scores that fall within the acceptable value (p < .05), then it stands to reason that 
there is sufficient evidence to conclude that the Earobics  and Control group mean scores are 
probably different at the end of the Earobics intervention and hence, H0 should be rejected 
and thus accept H1.  

To answer this research question, we examine the linear trend of the test performance of the 
various components of the DIBELS (LNF; ORF; NWF) and the two groups using a one-way 
ANOVA. As can be seen from Table 1, there are significant gains in the test performance of 
participants on the ORF and NWF. However, no significant gain in the test performance on 
LNF was noted as the post-test was done one month after the pre-test whereby all participants 
had one month of LSP intervention without Earobics  treatment sessions for both groups. In 
addition, we looked into the possible interaction of the variable labelled as digital divide 
(home computer access) on the performance between these two groups. 

Table 1. Test performance by Earobics© treatment over 3-months period. 

 Pre-test  Post-test 

 Control Earobics© Control Earobics© 

N (%) 15 (50%) 15 (50%) 15 (50%) 15 (50%) 

Oral Reading Fluency (ORF) 14.80 12.73 43.93 60.33* 

Nonsense Word Fluency 
(NWF) 27.86 31.06 47.13 62.73* 

Letter Naming Fluency 
(LNF) 33.20 36.20 40.00 45.20 

*p <.05. 

Univariate analyses of variance (ANOVA) with pre and and post- LNF/ORF/NWF variables 
were used (see Table 2). Significant difference was noted between the two groups with 
respect to the dependent variables; NWF:  F(1,28) = 4.89, MSe = 1825.200, p = .035, α = .05, 
partial η2 = .149  and ORF: F(1,28) = 4.57, MSe = 2017.200, p = .041, α = .05, partial η2 = 
.14. There is sufficient evidence to conclude that the Earobics© group and Control group 
mean scores are different. However, no significant difference was noted in the case for LNF: 
F(1,18) = 1.82, p = .673, partial η2 = .006.  In any case, the LNF (post-test) was done before 
the start of Earobics© treatment and hence, it cannot be taken into consideration as an effect 
of Earobics© intervention. All participants were pre- and post-tested on the LNF within a one 
month duration by the LSP in Term 1. The results indicated gains in phoneme awareness and 
auditory memory skills as seen in the significant interaction of NWF and ORF between the 
two groups. 
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Table 2: Analysis of Variance for NWF, ORF and LNF. 

Source df F p η2 

Between subjects 

NWF 1 2.02 .166 .149 

 

Group  1 4.89 .035* .149 

 

Group error 28 (1825.200)   

     

ORF 1 0.51 .481          .140 

 

Group  1 4.57   .041*           .140 

 

Group error 28 (2017.200)   

     

LNF 1 .063  .803           .006 

 

Group  1          1.82 .673          .006 

 

Group error 18 (202.80)   

Note: Values enclosed in parentheses represent mean square errors. 

* p <.05. 
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Joint Effect of Home Computer Access and at School 

Table 3 shows the demographic characteristics and home computer access for all participants. 
Compared to the Control group, children in the Earobics© group had parents with higher 
education qualifications and more access to computer at home (53% vs. 47%).  

Table 3. Demographic Characteristics and home computer access among participants 

 Overall Control Earobics© 

N (%)  30 (100%) 15 (50%) 15 (50%) 

Socioeconomic Status (SES) -stay HDB 

executive apartment/private properties 

 

14 (100%) 8 (57%) 6 (43%) 

Mother finished tertiary education  

 

12 (100%) 6 (50%) 6 (50%) 

Father finished tertiary education  15 (100%) 7 (47%) 8 (53%) 

Home computer accessibility 17 (100%)  8 (47%)  9 (53%) 

No home computer 13 (100%) 7 (54%) 6 (46%) 

 

It can be seen that children who have access to home computers performed better than those 
without access. Children with access to home computers (this inquiry refers to this as “Digital 
Divide”) fare better in gains on the ORF, there is significant difference between the two 
groups with respect to the digital divide,  F(1,28) = 7.27, p = .012, partial η2 = .206 (see 
Table 4). This is consistent with the findings from previous studies on the impact of home 
computer use on young children’s activities and development (Subrahmanyam, Kraut, 
Greenfield, & Gross, 2000). No significant differences were noted in the cases of NWF and 
LNF, although there were higher gains in the mean scores on the NWF and LNF for the 
group with access to home computers.  



Reyes & Tan  Can ICT improve education outcomes?	  
	  

 

 
PLS Working Papers Series, No. 5 

	  
	  

11 

Table 4. Analysis of Variance for ORF, NWF and LNF on Digital Divide 

Source df F p η2 

Between subjects 

ORF 1 0.763 .390 .206 

 

Digital divide 1 7.27 .012* .206 

 

Group error 28 (407.31)   

     

NWF 1 .332 .569 .071 

 

Digital divide 1 2.14 .155 .071 

 

Group error 28 (407.36)   

     

LNF 1 9.06 .005* .046 

 

Digital divide 1 1.35 .255 .046 

 

Group error 28 (1070.05)   

Note: Values enclosed in parentheses represent mean square errors. 
* p <.05. 
 

To determine if Earobics© intervention produced significant gains from pre-test to multiple 
post-tests, we conducted a series of repeated measures ANOVAs over different periods of 
participants’ progress, monitoring the mean scores of ORF and NWF while controlling for 
Time. In the area of phonemic awareness, significant difference was noted in the final post 
testing (post3) done at the end of Term 4 between the two groups with respect to the 
dependent variable; ORF (post3) at Time (T3):  F(1,28) = 4.57, p = .041, partial η2 = .140 
(see Table 5). No significant difference was noted between the two groups with respect to the 
dependent variables; ORF (post1) at Time (T1): F(1,28) = .876, p = .357, partial η2 = .030 
and ORF (post2) at Time (T2): F(1,28) = .463, p = .502, partial η2 = .016 (see Table 5).  



Reyes & Tan  Can ICT improve education outcomes?	  
	  

 

 
PLS Working Papers Series, No. 5 

	  
	  

12 

 

Table 5. ANOVA Table for ORF at different periods of Time 

Source df F p η2 

Between Groups 

ORF (pre) 

 

ORF (pre/post1) 

 

ORF (pre/post2) 

 

ORF (post3) 

 

1 

 

1 

 

1 

 

1 

.052 

 

.876 

 

.463 

 

4.573 

.821 

 

.357 

 

.502 

 

.041* 

.002 

 

.030 

 

.016 

 

.140 

 

     

Group error 28 (2017.200)   

Note: Values enclosed in parentheses represent mean square errors. 
* p <.05. 
 

Significant difference was noted between the two groups with respect to the dependent 
variable ORF (post3):  F(1,28) = 4.57, p = .041, partial η2 = .140 (see Table 5). In the area of 
reading-related skills, a significant difference was noted in the final post-test  done at the end 
of Term 4 between the two groups with respect to the dependent variable NWF (post5) at 
Time (T5): F(1,28) = 4.889, p = .035, partial η2 = .149 (see Table 6).  
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Table 6. ANOVA Table for NWF at different periods of Time 

Source df F p η2 

Between Groups 

NWF (pre) 

 

NWF (pre/post1) 

 

NWF (pre/post2) 

 

NWF (pre/post3) 

 

NWF 

(pre/post4) 

 

NWF (post5) 

 

 

1 

 

1 

 

 

1 

 

 

1 

 

1 

 

 

1 

 

.007 

 

.289 

 

 

1.731 

 

 

2.321 

 

.364 

 

 

4.889 

.932 

 

.595 

 

 

.199 

 

 

.139 

 

.552 

 

 

.035* 

.000 

 

.010 

 

 

.058 

 

 

.077 

 

.016 

 

 

.149 

 

Group error 28 (1825.200)   

Note: Values enclosed in parentheses represent mean square errors. 
*p <.05. 

 
A significant difference was noted between the two groups with respect to the dependent 
variable NWF (post5):  F(1,28) = 4.889, p = .035, partial η2 = .149. No significant difference 
was noted between the two groups with respect to the dependent variables NWF (post1, 
post2) (see Table 6).  A possible reason for the failure to register a significant difference 
could be because the post1 and post2 for NWF were conducted during February in Term 1 
and April in Term 2 respectively, dates which are before Earobics intervention in Term 3 
began. Hence, it would not be appropriate to take into consideration the effect of Earobics 
intervention. Although post3 and post4 on NWF were done in Term 3 during the months of 
July and August respectively, it would probably take time for the intervention to be effective. 
No significant difference was noted between the two groups with respect to the dependent 
variables NWF (post3) at Time (T3):  F(1,28) = 2.321, p = .139, partial η2 = .077 and NWF 
(post4) at Time (T4):  F(1,28) = .364, p = .552, partial η2 = .016 (see Table 10). Overall, the 
Earobics group performed better than the Control group in both the ORF and NWF at the end 
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of the intervention in Term 4. No significant difference was noted between the two groups 
with respect to the dependent variable LNF (post):  F(1,28) = .182, p = .673, partial η2 = .006 
(see Table 7). 

 

Table 7. ANOVA Table for LNF at different periods of Time 

Source df F p η2 

Between Groups 

LNF (pre) 

 

LNF (post) 

 

1 

 

1 

.090 

 

.182 

.766 

 

.673 

.003 

 

.006 

 

     

Group error 28 (202.800)   

Note: Values enclosed in parentheses represent mean square errors. 

* p <.05. 

No significant difference was noted between the two groups with respect to the dependent 
variable; LNF (post):  F(1,28) = .182, p = .673, partial η2 = .006. As there are positive 
indicators for both cases of NWF (test measuring alphabetic principle) and ORF (test 
measuring phonemic awareness), we can conclude that the participants in the Earobics  group 
performed better in the alphabetic principle which includes letter-sound and ability to blend 
letters into words and ability to recognize and read the words in a given passage. However, 
no evidence is found in the case of LNF for gains on reading and spelling skills.  

The current exploratory study has served its intended purpose of investigating the effects of  
Earobics  on phonological awareness and auditory memory skills. The participants in the 
Earobics  group benefitted from the treatment in terms of measurable gains on the 
phonological awareness and reading-related skills. Overall results show gains in phonological 
awareness, word recognition and reading skills with significant interaction for the groups and 
dependent variables, NWF and ORF. Our findings are consistent with previous studies done 
on the efficacy of Earobics   intervention  used for better gains in phonological awareness 
(Hayes et al., 2003; Warrier et al., 2004).  As this inquiry is limited due to permitted time 
given to research in the school, more extensive studies need to be done. There is some initial 
evidence showing the benefits of Earobics on phonological awareness and auditory 
processing skills. However, little or no effect can be found in language, reading and related 
learning difficulties. 

Discussion 
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This research demonstrates the potential benefits of using Earobics-intervention to make 
gains in phonological awareness and auditory processing skills. Our main finding was that 
there is a significant effect of group (experimental vs control) in phonemic awareness only. 
The results of this inquiry replicate previous findings of the efficacy of Earobics  intervention 
in phonological processing which is a fundamental element for reading acquisition (Al Otaiba 
et al., 2009; Loo et al.,  2010; Pokorni et al., 2004).  

Limitations and future studies 

There were limitations to the current inquiry that warrant careful interpretation of the results. 
This is critical in making a conclusion on the causal relationship between the Earobics 
treatment and children’s progress. The internal validity can be improved by selecting the 
participants in both groups to be similarly matched in terms of gender, race, special needs 
conditions, parental education, SES, digital divide and pre-test scores in language, phonemic 
awareness, or reading. It would be best to have equal numbers of participants in each NWF 
and LNF risk category for both Control and Earobics group. Another limitation of the study is 
the small sample size used which can lead to a dampening of statistically significant results. 
One consideration is the size of the Effect (Cohen’s d) when dealing with small sample size. 
Future research should look into increasing sample size and if possible, duplicating this 
experiment to multiple school settings.  Findings which may be statistically significant in one 
school may not be enough to conclude that the influence of Earobics intervention on 
phonemics awareness and reading-related skills in a Singaporean context for implementation 
across all schools.  To guard against Type 1 error, multivariate analyses of covariance 
procedures (MANCOVA) need to be used and it would be best to conduct this experiment in 
mainstream schools. If the findings are consistent and positive, we can confidently conclude 
the usefulness and effectiveness of Earobics  software in early literacy intervention. Other 
issues include the need to convince and procure buy-in from school leaders (potential gate-
keepers), department heads and other stakeholders on the possible benefits of this research.  
The reality of school calendars, funding and attrition rate in participants are some of the other 
concerns. Children in the control group did express disappointment in not being selected for 
Earobics intervention. This can be resolved through switching the two groups after two terms,  
thereby, providing equal opportunity for all participants to benefit from intervention. Future 
studies should consider a longitudinal approach for research of this nature. A Mixed Method 
research design is recommended to include experimental quantitative research with a 
qualitative research focusing on Teachers’, Allied Educators (AED) and Learning Support 
Co-ordinator (LSC) perceptions on the use of Earobics  to help children referred for reading 
difficulties. Conducting qualitative research using field logs and Focus Group Discussion 
(FGD) interviews can further elucidate our findings. Findings from both quantitative and 
qualitative approaches would be more representative and may be able to provide answers to 
the research question(s). It would be beneficial to localize Earobics  oftware tools taking into 
consideration the specific idiosyncrasies of language and culture (Nikolopoulou, 2007).  
Hence, outcomes from both the quantitative and qualitative research will be vital in 
accomplishing the goal of coming up with a contextualized reading enhancement tool 
(analogous to Earobics) in Singapore schools. The increased role in ICT use in early literacy 
instruction has changed the conventional meaning of literacy (Sutherland-Smith, 2002). It is 
crucial that the early childhood educator using technology needs to objectively measure the 
educational impact which includes the development of emergent literacy skills of young 
children (Parette et al., 2007).   In conclusion, the authors hope that this current inquiry will 
serve to inform our educators/practitioners on the potential benefits of ICT tools, in this 
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specific case, -- Earobics -- as an early literacy intervention tool and the exploration of 
rigorous research methods that could prove useful in the field of intervention evaluation. 
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