
Improving Head Start Students’ Early Literacy Skills Using Technology 
 

 

Haya Shamir 

Erik Yoder 

Kathryn Feehan 

David Pocklington 

Waterford Institute 

United States 

hayashamir@waterford.org 

erikyoder@waterford.org 

kathrynfeehan@waterford.org 

davidpocklington@waterford.org 

 

 

 
Abstract: While recent literature has pointed to the efficacy of computer-assisted instruction (CAI) 

in providing educational intervention at an early age, there is a lack of research exploring its use in a 

pre-kindergarten setting. The current study assessed the efficacy of CAI on students at the start of 

their academic careers. The Waterford Early Learning Program, a CAI program for pre-kindergarten 

students, was assigned to experimental students in a Florida school district in the 2014-2015 school 

year, while control students did not receive Waterford curriculum. The Florida Voluntary Pre-

Kindergarten (VPK) Assessment was administered to children at the beginning and end of the school 

year. Students who used CAI had better learning outcomes than students who did not. Results also 

offered support for CAI use in closing demographic achievement gaps. 

 

 

Introduction 
 

In 1965, Gordon Moore noted that the number of processors that could fit within a given space would double 

over the course of a year (Schaller, 1997). The technology was both growing at an exponential rate and becoming 

increasingly accessible and more cost efficient to manufacture. Two years after Moore’s Law was codified, this 

technology had qualities which could be useful in an educational setting (Schurdak, 1967). A computer-aided 

curriculum was found to be individualized, allowing each student in a class to focus on meaningful content at their 

own appropriate level of difficulty. A computer-aided course was also found to offer feedback in real time, allowing 

students to chart their own progress and correct errors as they might arise. Preliminary research into the use of 

computers in education would show access to the technology benefiting all students, and particularly those students 

in need of extra assistance (Schurdak, 1967). Over the last half-century, the capability of computer technology has 

expanded while also diffusing and permeating through many aspects of daily life, and, as a direct result, the role that 

computer-assisted instruction (CAI) stands to play in education has only increased.  

CAI has demonstrated benefits in many areas of study. CAI has been found to aid in learning literacy skills in 

terms of phonological awareness (Macaruso & Rodman, 2011), sound knowledge, fluency (Volpe, Burns, DuBois, & 

Zaslofsky, 2011), and letter sound decoding (DuBois, Volpe, & Hemphill, 2014). CAI tutelage has been found to 

facilitate learning math skills (Demir & Basol, 2014). The use of CAI can spark an interest in the sciences (Kermani 

& Aldemir, 2015). Children exposed to a CAI math and sciences course spent more time searching for and studying 

scientific topics than a control group not exposed to CAI. A recent second order meta-analysis reaching back through 

forty years of research found support for the use of CAI in K-12 education, with the average student using CAI 

benefiting from a twelve percentage point advantage over the average student not using CAI (Tamim, Bernard, 

Borokhovski, Abrami, & Schmid, 2011). Research suggests that CAI may be best employed as a supplement to 

traditional education rather than a replacement of it (Sosa, Berger, Saw, & Mary, 2011; Tamim, et al., 2011). While 

CAI may show greater learning gains when compared against traditional methods, when purely digital methods are 

compared against traditional methods augmented by technology, larger learning gains and effects tend to be found for 

the hybrid models. 

Research has suggested that CAI may have particular utility as an intervention to provide support for children 

not meeting their potential. The customizable structure of CAI allows students having difficulty with a topic to spend 

the time they need to comprehend it before being rushed onto the next subject. Children with lower initial scores or 



pretests in both math (Suppes, Holland, Hu, & Vu, 2013) and literacy (Macaruso & Walker, 2008) will, on average, 

see greater gains from the use of CAI than children with better initial scores. Extending this reasoning, CAI stands to 

benefit at-risk students and those suffering from learning disabilities. A recent case study showed four kindergarten 

students who were unresponsive to the traditional reading curriculum showing notable gains in fluency and sound 

knowledge after a course of computer-assisted tutoring (Volpe, Burns, DuBois, & Zaslofsky, 2011). CAI has been 

documented helping kindergartners at-risk for learning disabilities to learn the foundational building blocks for math 

skills (Mohammed & Kanpolat, 2010). CAI has been shown to benefit children on the autism spectrum both 

academically and socially. Preschool-age children on the spectrum have shown gains in literacy skills after benefiting 

from a CAI augmented curriculum (Travers, Higgins, Pierce, Miller, & Tandy, 2011). Interactive, animated programs 

have helped children on the spectrum to learn broader ranges of solutions to social problems and to develop a skill set 

involved in personal interaction (Bernard-Opitz, Sriram, & Nakhoda-Sapuan, 2001; Ploog, Scharf, Nelson, & Brooks, 

2013). 

CAI can also be a tool for bridging socioeconomic gaps. There is a body of research suggesting that lack of 

access to the appropriate resources can put students at a disadvantage (Reardon, 2013). The broad structural 

disadvantages in education created by poverty are a known problem, and attempts have been made to address them: 

The Head Start program is one notable example (Ziegler & Valentine, 1979). Conceived in the wake of the Johnson 

administration’s War on Poverty, Head Start was intended to provide students in need with the prerequisites for 

academic success in terms of nutrition, health services, and educational resources. A recent longitudinal study found 

Head Start programs have had success teaching children literacy and math skills from very young ages (Lee, Zhai, 

Brooks-Gunn, Han, & Waldfogel, 2014). Head Start programs have also been shown to increase young students’ 

social skills (Zhai, Brooks-Gun, Han, & Waldfogel, 2011). Students who saw the greatest learning gains were those 

with a background of low academic success. As the use of technology becomes increasingly routine in an educational 

setting, limited access to, or a lack of familiarity with, that technology outside the academic setting must be identified 

as another potential disadvantage for students (Judge, Puckett, & Bell, 2006). Augmenting traditional intervention 

programs, such as Head Start, with CAI modified curricula could help to counteract this disadvantage. While there is 

a broad body of research into CAI throughout most of a student’s education, there is a dearth of research into CAI 

specifically in a pre-kindergarten setting. This is a notable gap in the literature as it has been demonstrated that CAI 

is of utility to students who are earlier in their education as well as those who would benefit from remediation (Tamim 

et al., 2011). While CAI has the potential to be an asset in the classroom, further research is necessary to assess its 

impact on young developing minds (Tamim, et al., 2011). 

The purpose of the current study was to evaluate the effectiveness of the Waterford Early Learning Program in 

improving early literacy and math skills for pre-kindergarten students. It is predicted that students using this CAI 

program will show improved school readiness.  

 

 

Methods 
 

Participants 

 

Participants were enrolled in Head Start pre-kindergarten programs in Florida and used Waterford Early 

Learning program during the 2014-2015 school year. 

For the Waterford Early Reading Program (ERP), the experimental group consisted of 653 pre-kindergarten 

students with over 900 minutes of usage for the 2014-2015 school year. The control group consisted of 67 pre-

kindergarten students who used the ERP for less than 300 minutes during the 2014-2015 school year. 

For the Waterford Early Math and Science (EMS), the experimental group consisted of 181 pre-kindergarten 

students with over 1,000 minutes of usage for the 2014-2015 school year. The control group consisted of 374 pre-

kindergarten students who used the EMS for less than 300 minutes during the 2014-2015 school year. 

 

 

Materials 

 

The Waterford Early Learning Program (WEL) 

 

The Waterford Early Learning Program (WEL) includes the Waterford Early Reading Program (ERP) and the 

Waterford Early Math and Science Program (EMS). The program offers a comprehensive, computer-adaptive 

developmentally appropriate literacy and mathematics curriculum for pre-kindergarten students with the aim of 



preparing them for school. The software presents a wide range of multimedia-based activities in an adaptive sequence 

tailored to each student’s individual rate of growth throughout the complete curriculum.  

 

 

Florida Voluntary Pre-Kindergarten Assessment (VPK) 

 

The VPK is a series of assessments intended to screen and monitor students’ acquisition of learning skills 

throughout the course of the school year. The VPK assesses progress in four domains: Oral Language Vocabulary, 

Phonological Awareness, Print Knowledge, and Math. The VPK has been shown to be valid and reliable (Lonigan, 

2011). 

 

 

Procedure 

 

Students were expected to use WEL for fifteen minutes per day, five days per week throughout the 2014-2015 

school year. Usage was tracked within the program and monitored weekly by Waterford personnel. The VPK was 

administered at the beginning and end of the year by district personnel. 

 

 

Findings 
 

Group Differences Using ANCOVA 

 

An ANCOVA examining group differences in VPK end of year scores while covarying for beginning of year 

scores was conducted.  

 

 

Oral Language Vocabulary 

 

Analysis of end of year scores, while covarying for beginning of year scores, revealed a significant difference 

between groups F(1, 676) = 39.13, p < .01 due to higher end of year scores for students who used Waterford (M = 

19.63) than for control students (M = 17.48). The effect size (d = 0.72, g = 0.72) was found to exceed Cohen’s 

convention for a medium effect (Cohen, 1988).  

 

 

Phonological Awareness 

 

Analysis of end of year scores, while covarying for beginning of year scores, revealed a significant difference 

between groups F(1, 676) = 114.43, p < .01 due to higher end of year scores for students who used Waterford (M = 

11.93) than for control students (M = 8.52). The effect size (d = 1.32, g = 1.32) was found to exceed Cohen’s 

convention for a large effect (Cohen, 1988). 

 

 

Print Knowledge 

 

Analysis of end of year scores, while covarying for beginning of year scores, revealed a significant difference 

between groups F(1, 675) = 75.55, p < .01 due to higher end of year scores for students who used Waterford (M = 

11.13) than for control students (M = 8.78). The effect size (d = 1.12, g = 1.12) was found to exceed Cohen’s 

convention for a large effect (Cohen, 1988). 

 

 

Math 

 

Analysis of end of year scores, while covarying for beginning of year scores, revealed a significant difference 

between groups F(1, 514) = 83.66, p < .01 due to higher end of year scores for students who used Waterford (M = 



15.98) than for control students (M = 13.10). The effect size (d = 0.77, g = 0.77) was found to exceed Cohen’s 

convention for a medium effect (Cohen, 1988).  

 

 

Group Differences by Demographics Using Two-Way ANCOVAs. 

 

Three separate ANCOVAs were conducted that examined the effects of Waterford curriculum and 

demographics on all four sub-strands (Tab. 1-3).  

 

 

Oral Language Vocabulary 

 

There was a significant interaction between the effects of special education status and Waterford curriculum on 

Oral Language Vocabulary end of year scores, F(1, 674) = 4.12, p < .05. Simple effects analysis showed that students 

with no special education status and students with an active special education status in the experimental group 

significantly outperformed students in the control group. 

There was no significant interaction between the effects of ELL status and Waterford curriculum on Oral 

Language Vocabulary end of year scores, F(1, 674) = 1.32, p = .251. Simple effects analysis showed that ELL students 

and Non-ELL students in the experimental group significantly outperformed students in the control group. 

There was a significant interaction between the effects of ethnicity and Waterford curriculum on Oral Language 

Vocabulary end of year scores, F(4, 666) = 2.43, p < .05. Simple effects analysis showed that African American and 

Hispanic students in the experimental group significantly outperformed students in the control group.  

 

 

Phonological Awareness 

 

There was a significant interaction between the effects of special education status and Waterford curriculum on 

Phonological Awareness end of year scores, F(1, 674) = 7.2, p < .01. Simple effects analysis showed that students 

with no special education status and students with an active special education status in the experimental group 

significantly outperformed students in the control group. 

There was no significant interaction between the effects of ELL status and Waterford curriculum on 

Phonological Awareness end of year scores, F(1, 674) = 0.05, p = .823. Simple effects analysis showed that ELL 

students and Non-ELL students in the experimental group significantly outperformed students in the control group. 

There was no significant interaction between the effects of ethnicity and Waterford curriculum on Phonological 

Awareness end of year scores, F(4, 666) = 1.93., p = .104. Simple effects analysis showed that African American and 

Hispanic students in the experimental group significantly outperformed students in the control group. 

 

 

Print Knowledge 

 

There was a significant interaction between the effects of special education status and Waterford curriculum on 

Print Knowledge end of year scores, F(1, 673) = 6.81, p < .01. Simple effects analysis showed that students with no 

special education status and students with an active special education status in the experimental group significantly 

outperformed students in the control group. 

There was a significant interaction between the effects of ELL status and Waterford curriculum on Print 

Knowledge end of year scores, F(1, 673) = 8.45, p < .01. Simple effects analysis showed that ELL students and Non-

ELL students in the experimental group significantly outperformed students in the control group. 

There was a significant interaction between the effects of ethnicity and Waterford curriculum on Print 

Knowledge end of year scores, F(4, 665) = 2.80, p < .05. Simple effects analysis showed that African American and 

Hispanic students in the experimental group significantly outperformed students in the control group. 

 

 

Math 

 

There was no significant interaction between the effects of special education status and Waterford curriculum 

on Math end of year scores, F(1, 512) = 0.98, p = .323. Simple effects analysis showed that students with no special 



education status and students with an active special education status in the experimental group significantly 

outperformed students in the control group. 

There was no significant interaction between the effects of ELL status and Waterford curriculum on Math end 

of year scores, F(1, 512) = 2.24, p = .135. Simple effects analysis showed that ELL students and Non-ELL students 

in the experimental group significantly outperformed students in the control group. 

There was no significant interaction between the effects of ethnicity and Waterford curriculum on Math end of 

year scores, F(4, 505) = 1.32, p = .260. Simple effects analysis showed that African American and Hispanic students 

in the experimental group significantly outperformed students in the control group. 

 
 Active Special Education No Special Education 

Experimental Control Experimental Control 

M SD M SD M SD M SD 

Oral Language Vocabulary 18.48 3.22 14.99 3.15 19.79 2.75 18.07 3.72 

Phonological Awareness 10.43 3.20 5.44 2.80 12.13 2.24 9.26 3.39 

Print Knowledge 10.30 2.83 6.57 3.37 11.25 1.67 9.30 3.55 

Math 14.69 5.43 11.06 4.79 16.10 2.13 13.51 3.95 

 

Table 1: VPK End of Year Scores, Covarying Beginning of Year Scores, by Special Education Status 

 
 ELL Non-ELL 

Experimental Control Experimental Control 

M SD M SD M SD M SD 

Oral Language Vocabulary 19.57 2.93 16.77 4.50 19.66 2.77 17.75 3.91 

Phonological Awareness 11.55 2.73 8.00 3.56 12.11 2.25 8.72 3.76 

Print Knowledge 11.32 1.78 7.72 4.06 11.03 1.94 9.18 3.47 

Math 16.21 2.83 12.72 4.42 15.80 2.34 13.28 4.17 

 

Table 2: VPK End of Year Scores, Covarying Beginning of Year Scores, by ELL Status 

 
 African American Hispanic 

Experimental Control Experimental Control 

M SD M SD M SD M SD 

Oral Language Vocabulary 19.46 3.04 17.72 3.84 19.68 2.81 17.08 3.93 

Phonological Awareness 11.80 2.44 8.77 3.68 11.95 2.59 8.51 3.70 

Print Knowledge 10.78 2.19 9.07 3.53 11.41 1.65 7.79 4.20 

Math 15.65 1.91 13.54 3.75 16.36 2.69 12.78 4.46 

 

Table 3: VPK End of Year Scores, Covarying Beginning of Year Scores, by Ethnicity 

 

 

Group Differences Using Independent Samples t-tests. 

 

Independent samples t-tests examining gains from beginning of year scores to end of year scores were 

conducted.  

 

 

Oral Language Vocabulary 

 

Analysis of gains revealed a significant difference between groups t(1, 677) = -3.48, p < .01 due to higher gains 

made by students who used Waterford (M = 7.00) than by control students (M = 5.06). The effect size (d = 0.46, g = 

0.46) was found to exceed Cohen’s convention for a small effect (Cohen, 1988). 

 

 

  



Phonological Awareness 

 

Analysis of gains revealed a significant difference between groups t(1, 677) = -8.34., p < .01 due to higher gains 

made by students who used Waterford (M = 6.60) than by control students (M = 3.05). The effect size (d = 1.11, g = 

1.11) was found to exceed Cohen’s convention for a large effect (Cohen, 1988). 

 

Print Knowledge 

 

Analysis of gains revealed a significant difference between groups t(1, 676) = -5.24, p < .01 due to higher gains 

made by students who used Waterford (M = 6.59) than by control students (M = 4.24). The effect size (d = 0.70, g = 

0.70) was found to exceed Cohen’s convention for a medium effect (Cohen, 1988). 

 

 

Math 

 

Analysis of gains revealed a significant difference between groups t(1, 515) = -6.98, p < .01 due to higher gains 

made by students who used Waterford (M = 9.02) than by control students (M = 6.26). The effect size (d = 0. 65, g = 

0. 65) was found to exceed Cohen’s convention for a medium effect (Cohen, 1988). 
 

 

Group Differences by Demographics Using Two-Way ANOVAs. 

 

Three separate ANOVAs were conducted that examined the effects of Waterford curriculum and demographics 

on all four sub-strands (Tab. 4-6).  

 

 

Oral Language Vocabulary 

 

There was no significant interaction between the effects of special education status and Waterford curriculum 

on Oral Language Vocabulary gains, F(1, 675) = 0.30, p = .583. Simple effects analysis showed that for students with 

no special education status, students in the experimental group significantly outperformed students in the control 

group. For students with an active special education status, gains in the experimental group were slightly higher than 

in the control group, but the difference was not significant. 

There was no significant interaction between the effects of ELL status and Waterford curriculum on Oral 

Language Vocabulary gains, F(1, 675) = 3.71, p = .055. Simple effects analysis showed that ELL students in the 

experimental group significantly outperformed students in the control group. Non-ELL students’ gains in the 

experimental group were slightly higher than in the control group, but the difference was not significant. 

There was no significant interaction between the effects of ethnicity and Waterford curriculum on Oral 

Language Vocabulary gains, F(4, 667) = 1.22, p = .301. Simple effects analysis showed that Hispanic students in the 

experimental group significantly outperformed students in the control group. African American students’ gains in the 

experimental group were slightly higher than in the control group, but the difference was not significant. 

 

 

Phonological Awareness 

 

There was no significant interaction between the effects of special education status and Waterford curriculum 

on Phonological Awareness gains, F(1, 675) = 2.91, p = .088. Simple effects analysis showed that students with no 

special education status and students with an active special education status in the experimental group significantly 

outperformed students in the control group. 

There was no significant interaction between the effects of ELL status and Waterford curriculum on 

Phonological Awareness gains, F(1, 675) = 0.47, p = .493. Simple effects analysis showed that ELL students and Non-

ELL students in the experimental group significantly outperformed students in the control group. 

There was no significant interaction between the effects of ethnicity and Waterford curriculum on Phonological 

Awareness gains, F(4, 667) = 1.15, p = .330. Simple effects analysis showed that African American and Hispanic 

students in the experimental group significantly outperformed students in the control group. 

 



Print Knowledge 

 

There was no significant interaction between the effects of special education status and Waterford curriculum 

on Print Knowledge gains, F(1, 674) = 3.26, p = .071. Simple effects analysis showed that students with no special 

education status and students with an active special education status in the experimental group significantly 

outperformed students in the control group. 

There was a significant interaction between the effects of ELL status and Waterford curriculum on Print 

Knowledge gains, F(1, 674) = 8.57, p < .01. Simple effects analysis showed that ELL students and Non-ELL students 

in the experimental group significantly outperformed students in the control group. 

There was a significant interaction between the effects of ethnicity and Waterford curriculum on Print 

Knowledge gains, F(4, 666) = 3.36, p < .01. Simple effects analysis showed that African American and Hispanic 

students in the experimental group significantly outperformed students in the control group. 

 

 

Math 

 

There was no significant interaction between the effects of special education status and Waterford curriculum 

on Math gains, F(1, 513) = 0.81, p = .370. Simple effects analysis showed that students with no special education 

status and students with an active special education status in the experimental group significantly outperformed 

students in the control group. 

There was no significant interaction between the effects of ELL status and Waterford curriculum on Math gains, 

F(1, 513) = 2.68, p = .102. Simple effects analysis showed that ELL students and Non-ELL students in the 

experimental group significantly outperformed students in the control group. 

There was no significant interaction between the effects of ethnicity and Waterford curriculum on Math gains, 

F(4, 506) = 1.55, p = .186. Simple effects analysis showed that African American and Hispanic students in the 

experimental group significantly outperformed students in the control group. 

 
 Active Special Education No Special Education 

Experimental Control Experimental Control 

M SD M SD M SD M SD 

Oral Language Vocabulary 7.41 4.00 6.08 3.75 6.94 4.21 4.82 4.17 

Phonological Awareness 6.20 3.35 1.17 1.75 6.66 3.15 3.50 3.54 

Print Knowledge 6.89 3.52 2.83 3.01 6.55 3.33 4.58 3.52 

Math 9.39 4.61 5.57 4.72 8.99 3.81 6.40 4.34 

 

Table 4: VPK Gains by Special Education Status 

 
 ELL Non-ELL 

Experimental Control Experimental Control 

M SD M SD M SD M SD 

Oral Language Vocabulary 8.65 4.23 5.18 4.69 6.18 3.92 5.02 3.91 

Phonological Awareness 7.16 3.20 3.18 3.11 6.33 3.14 3.00 3.52 

Print Knowledge 7.78 2.86 3.47 2.94 6.00 3.43 4.53 3.64 

Math 10.05 3.81 6.65 4.41 8.17 3.71 6.09 4.41 

 

Table 5: VPK Gains by ELL Status 

 
 African American Hispanic 

Experimental Control Experimental Control 

M SD M SD M SD M SD 

Oral Language Vocabulary 6.43 4.15 5.12 3.99 7.89 4.26 4.93 4.91 

Phonological Awareness 6.18 3.20 3.22 3.19 7.12 3.21 3.40 4.14 

Print Knowledge 5.65 3.52 4.44 3.67 7.58 2.90 3.20 2.81 

Math 7.77 3.59 6.15 4.35 10.16 3.78 6.51 4.50 

 

Table 6: VPK Gains by Ethnicity 

 



Discussion 
 

The purpose of the current study was to evaluate the efficacy of CAI on developing literacy and math skills for 

pre-kindergarten students. The data showed a significant effect for posttest sub-strand scores while controlling for 

pretest scores. Students who used CAI had significantly higher scores than students who did not for Oral Language 

Vocabulary, Phonological Awareness, Print Knowledge, and Math skills. The data also showed students who used 

CAI had significantly higher gains across all sub-strands. These findings lead to better learning outcomes for young 

students while using CAI in the classroom. 

While demographics were not an explicit focus of the current study, its findings offer support for the use of 

CAI as a way to bridge demographic achievement gaps. ELL students demonstrated dramatic improvements in 

learning skills following use of CAI enhanced curriculum. End of year scores and gains for ELL students in the 

treatment condition were higher than those of control students across all sub-strands. Analysis of ELL students’ gains 

for Print Knowledge and Math indicated that ELL students saw significantly greater benefit from CAI than their native 

speaking peers. Adaptive and engaging technology helped to bridge the gap in performance at an early stage. These 

results are consistent with prior research which has pointed to the use of computer-augmented education as a means 

of counteracting demographic differences (Judge, Puckett, & Bell, 2006; Wilson, Dehaene, Dubois, & Fayol, 2009). 

Positive results were also found for young students with active special education status, with data showing 

higher scores for children with special education status using Waterford Early Learning compared against children in 

the control group. Analysis of Phonological Awareness gains of students with active special education status showed 

further evidence of CAI narrowing achievement gaps. In the control group, children with active special education 

status significantly underperformed when compared to students without special education status. In the treatment 

group, students with and without special education status saw comparable gains. These results are consistent with 

prior research investigating the benefits of CAI (Mohammed & Kanpolat, 2010; Volpe, Burns, DuBois, & Zaslofsky, 

2011). CAI provides students with individualized, adaptive lesson plans. Blending that technology into education at 

an early age can help children acquire the foundational learning skills needed for academic success.  

Limitations of the current study should be noted. Participants were drawn from a single school district, which 

introduces the possibility of geographic and cultural confounds that could impact generalizability. While the current 

study offered support for the use of CAI in pre-kindergarten, it remains a relatively novel topic of study. This gap in 

the literature makes assessing the longevity of any learning gains brought on by the early use of computer-augmented 

curriculum difficult. Overall, students can have better learning outcomes and stronger early literacy and math skills 

when using CAI in the classroom. 
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