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Abstract—Research has suggested that computer-adaptive 

curriculum may be an effective means of closing demographic 

achievement gaps. The current study reports findings for young 

learners in kindergarten and first grade using a 

computer-adaptive instruction (CAI) literacy curriculum called 

the Waterford Early Learning Program (WEL) in three 

geographically diverse school districts. The aim of the study was 

to determine how an adaptive, educational technology program 

targeting early reading skills impacts literacy scores of early 

elementary school students when used in a traditional 

classroom setting for just fifteen minutes (for kindergarten 

students) or thirty minutes (for first and second grade students) 

per day, five days per week. Experimental students in all three 

districts used the Waterford Early Learning Program; control 

students either did not use the Waterford Early Learning 

Program or had low usage of the program. In all districts, 

experimental group students benefited from significantly higher 

gains, percent gains, or end of year scores than control group 

students. Students in the experimental group from traditionally 

disadvantaged backgrounds benefited from higher scores. This 

study shows promise of the efficacy of computer-assisted 

instruction when utilized in a traditional classroom setting. 

 
Index Terms—Blended learning, computer-assisted 

instruction, literacy, technology. 

 

I. INTRODUCTION 

An examination of measures of academic success shows 

that students of minority ethnicities are disproportionately 

being left behind. In 2015, 21% of Caucasian students in the 

fourth grade scored Below Basic on the National Assessment 

of Educational Progress (NAEP) reading assessment [1]. In 

the same time period, 48% of African American students, 

40% of Native Hawaiian and Pacific Islander students, and 

45% of Hispanic students scored Below Basic on the NAEP. 

Comparable gaps are also present between the NAEP math 

scores of Caucasian students and students from 

disadvantaged demographic groups. Dropout rates for 

African American students (15%) and Hispanic students 

(15.4%) are nearly double those of their Caucasian peers [2]. 

Whereas the overall high school graduation rate rose from 

2000 to 2010, the graduation rates for African American and 

Hispanic students are around 8 to 8.5 percentage points lower 

than that of Caucasian students [3].  

The population that is negatively impacted by this 

achievement gap makes up a meaningful and increasing 

portion of the American student body [4]. In 2013 Hispanic 
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students accounted for 16% of the overall student body, and 

in 2015 this percentage rose to 24%. In the same time period, 

the population of multiracial students doubled from 2% to 

4%. It has been projected that by 2044 the majority of the 

student body will be constituted by what are now 

demographic minorities [5]. Identifying interventions and 

creating curricula capable of narrowing this achievement gap 

are necessary actions. 

These trends are not only perpetuated but exacerbated 

throughout an educational career. In 2013, 19% of Hispanic 

males between the ages of 25-29 held a bachelor’s degree or 

higher, 23% of African American males of the same age 

bracket held a bachelor’s degree or higher, and 44% of 

Caucasian males of the same age bracket held a bachelor’s 

degree or higher [6]. In 2013, a hypothetical student pursuing 

a post-baccalaureate degree was 446% more likely to be 

Caucasian than to be African American and close to 800% 

more likely to be Caucasian than to be Hispanic. Hispanic 

and African American students are less likely to pursue 

degrees in STEM fields [7], may be less likely to complete 

degrees in these fields [8] and are less likely to find 

employment in these fields after graduating [9]. Research 

would benefit from exploring methods which could address 

the achievement gap early in a student’s education before 

lasting damage can be done. 

Computer-assisted instruction (CAI) employs educational 

software and emerging technologies to tailor curriculum and 

provide meaningful feedback for students in real time [10]. 

One of the structural benefits of CAI is that a program’s 

expectations for a given student and the feedback it gives that 

student are built on that student’s performance. Whereas 

there is inevitably a chance that human error will slip into any 

model for education, with CAI that risk is significantly 

reduced. When used in conjunction with traditional methods, 

CAI has been found to lead to better learning outcomes in 

reading skills [11], math skills [12], and even foster interest 

in the sciences [13].  

Research has pointed to CAI in particular to improve early 

literacy skills of students in vulnerable populations. A case 

study of eight African American first graders at risk for 

learning disabilities found that using CAI curriculum on a 

weekly basis for four months reduced risk status and 

increased reading fluency [14]. Randomized trials have 

shown significant gains on number composition, sub-setting, 

recognition, arithmetic, and comparison measures for 

primarily African American and Hispanic students from 

low-income communities using CAI [15]. Additionally, a 

study of three geographically diverse and principally African 

American and Hispanic school districts found that the use of 

CAI advanced students’ study of algebra by a quarter of a 
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year [16]. Access to CAI and mobile technology can engage 

vulnerable students within a lesson plan and lead to better 

learning outcomes for literacy measures [17]. CAI might be 

able to provide students with the support and scaffolding 

necessary to narrow the achievement gap; further research is 

necessary to ensure its efficacy since the growing population 

of ethnic minority students has continued to be outperformed 

by their Caucasian counterparts on average nationally. 

 

II. METHODS 

A. Participants 

Participants were enrolled in kindergarten, first grade, and 

second grade classes across three different school districts in 

Texas, Indiana, and Florida.  

1) District 1 

The first district consisted of 4,877 kindergarten, first 

grade, and second grade students enrolled in a public school 

district in Texas during the 2015-2016 school year. 

Approximately 40% of the students in the district are 

Hispanic, 30% are Caucasian, and 15% are African 

American.  

2) District 2 

The second district consisted of 477 second grade students 

enrolled in a public school district in Indiana during the 

2015-2016 school year. The majority of students in the 

district are Caucasian, and approximately half of the students 

qualify for free lunch. 

3) District 3 

The third district consisted of 6,131 kindergarten, first 

grade, and second grade students enrolled in a public school 

district in Florida during the 2015-2016 school year. The 

majority of students in the district are Hispanic or Caucasian, 

and approximately one-half of the students qualify for free 

lunch. 

B. Materials 

1) Waterford early learning program (WEL) 

The program offers a comprehensive computer-adaptive 

pre-reading and reading curriculum for pre-kindergarten 

through second grade students. The software presents a wide 

range of multimedia-based activities in an adaptive sequence 

tailored to each student’s initial placement and his or her 

individual rate of growth throughout the complete reading 

curriculum. 

2) The Texas primary reading inventory (TPRI) 

The TPRI is an early reading assessment designed to 

identify the reading development of students in kindergarten 

through third grade and is administered to students 

individually. The test identifies students that are at risk for 

reading difficulties and sets learning objectives for at risk 

students. 

3) Developmental reading assessment (DRA) 

The DRA is a standardized reading test used to determine a 

student’s instructional level in reading. The DRA is 

administered individually to students by teachers and/or 

literacy coaches. The test identifies whether the student is 

below, meeting, or exceeding grade level reading 

expectations. 

4) VLT 

The VLT is a county reading and writing test used to 

determine a student’s instructional level in reading and 

writing according to Florida State Standards in kindergarten, 

first grade, and second grade. 

C. Procedure 

Kindergarten students were expected to use WEL for 

fifteen minutes per day, five days per week, throughout the 

2015-2016 school year, and first grade and second grade 

students were expected to use WEL for thirty minutes per day, 

five days per week, throughout the 2015-2016 school year.  

In the first district, the TPRI was administered at the 

beginning and end of the year. In the second district, schools 

administered the DRA at the beginning and end of the year. 

In the third district, the VLT was administered to students at 

the end of the 2015-2016 school year.  

 

III. FINDINGS 

For reference, Caucasian students’ scores are included in 

the tables. 

A. District 1 

1) Kindergarten 

The analysis includes students who completed the TPRI 

test at the beginning and at the end of the year. The 

experimental group for kindergarten (n = 212) consisted of 

students who used WEL throughout the 2015-2016 school 

year. The control group (n = 1,484) consisted of students who 

did not use WEL during the 2015-2016 school year. 

a) Group differences by ethnicity using two-way 

ANOVAs 

Two-way ANOVAs were conducted to examine the 

effects of WEL and ethnicity on gains for each substrand (see 

Table I). 

1) Letter Name Identification 

There was no significant interaction between the effects of 

ethnicity and WEL on Letter Name Identification gains, F(5, 

428) = 0.947, p = .451. Simple effects analysis showed that 

African American and Hispanic students in the experimental 

group significantly outperformed students in the control 

group. 

2) Letter to Sound Linking 

There was no significant interaction between the effects of 

ethnicity and WEL on Letter to Sound Linking gains, F(3, 

293) = 0.01, p = .998. Simple effects analysis showed that 

Hispanic students’ gains in the experimental group were 

higher than in the control group, approaching significance. 

African American students’ gains in the experimental group 

were slightly higher than in the control group, but the 

difference was not significant. 

3) Inferring Word Meaning 

There was no significant interaction between the effects of 

ethnicity and WEL on Inferring Word Meaning gains, F(5, 

1652) = 1.07, p = .373. Simple effects analysis showed that 

African American and Hispanic students in the experimental 
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group significantly outperformed students in the control 

group. 

4) Linking Details 

There was no significant interaction between the effects of 

ethnicity and WEL on Linking Details gains, F(5, 1661) = 

0.44, p = .822. Simple effects analysis showed that African 

American and Hispanic students in the experimental group 

significantly outperformed students in the control group. 

5) Recalling Details 

There was no significant interaction between the effects of 

ethnicity and WEL on Recalling Details gains, F(5, 1659) = 

0.42, p = .838. Simple effects analysis showed that African 

American and Hispanic students in the experimental group 

significantly outperformed students in the control group. 

6) Listening Comprehension Total 

There was no significant interaction between the effects of 

ethnicity and WEL on Listening Comprehension Total gains, 

F(5, 1559) = 0.51, p = .766. Simple effects analysis showed 

that African American and Hispanic students in the 

experimental group significantly outperformed students in 

the control group. 

2) First grade 

The analysis includes students who completed the TPRI 

test at the beginning and at the end of the year. The 

experimental group for first grade (n = 160) consisted of 

students who used WEL throughout the 2015-2016 school 

year. The control group (n = 1,391) consisted of students who 

did not use WEL during the 2015-2016 school year. 

a) Group differences by ethnicity using two-way 

ANOVAs 

Two-way ANOVAs were conducted to examine the 

effects of WEL and ethnicity on gains for each substrand (see 

Table II). 

1) Blending Phonemes 

There was no significant interaction between the effects of 

ethnicity and WEL on Blending Phonemes gains, F(3, 131) = 

1.59, p = .196. Simple effects analysis showed that African 

American and Hispanic students in the experimental group 

significantly outperformed students in the control group. 

2) Blending Word Parts 

There was no significant interaction between the effects of 

ethnicity and WEL on Blending Word Parts gains, F(3, 289) 

= 1.25, p = .290. Simple effects analysis showed that African 

American students in the experimental group significantly 

outperformed students in the control group. Hispanic 

students’ gains in the experimental group were slightly 

higher than in the control group, but the difference was not 

significant. 

3) Blends in Final Position 

There was no significant interaction between the effects of 

ethnicity and WEL on Blends in Final Position gains, F(3, 82) 

= 1.49, p = .223. Simple effects analysis showed that African 

American students in the experimental group significantly 

outperformed students in the control group. Hispanic 

students’ gains in the experimental group were slightly 

higher than in the control group, but the difference was not 

significant. 

4) Deleting Initial Sounds 

There was no significant interaction between the effects of 

ethnicity and WEL on Deleting Initial Sounds gains, F(3, 117) 

= 1.67, p = .177. Simple effects analysis showed that African 

American and Hispanic students’ gains in the experimental 

group were slightly higher than in the control group, but the 

difference was not significant. 

5) Final Consonant Substitution 

There was no significant interaction between the effects of 

ethnicity and WEL on Final Consonant Substitution gains, 

F(3, 156) = 2.06, p = .108. Simple effects analysis showed 

that African American students in the experimental group 

significantly outperformed students in the control group. 

Hispanic students’ gains in the experimental group were 

slightly higher than in the control group, but the difference 

was not significant. 

6) Initial Blending Substitution 

A significant interaction was found between the effects of 

ethnicity and WEL on Initial Blending Substitution gains, 

F(3, 152) = 2.79, p < .05. Simple effects analysis showed that 

African American students in the experimental group 

significantly outperformed students in the control group. 

Hispanic students’ gains in the experimental group were 

slightly higher than in the control group, but the difference 

was not significant. 

 

TABLE I: DISTRICT 1 - KINDERGARTEN TPRI GAINS BY ETHNICITY 

Kindergarten African American  Hispanic  Caucasian 

Treatment  Control  Treatment  Control  Treatment  Control 

M SD M SD M SD M SD M SD M SD 

Letter Name Identification. 9.73 8.42 4.12 7.38 11.47 8.82 6.73 9.32 14.50 7.92 5.20 7.67 

Letter to Sound Linking. 4.14 4.34 2.33 3.36 5.00 3.25 3.11 3.72 4.50 3.42 2.67 3.73 

Inferring Word Meaning. 0.27 0.64 0.03 0.56 0.23 0.65 0.01 0.55 0.21 0.69 0.11 0.45 

Linking Details. 0.20 0.92 -0.27 0.97 0.14 1.10 -0.23 1.03 -0.04 0.96 -0.53 0.79 

Recalling Details. 1.77 0.68 1.42 0.72 1.63 0.81 1.42 0.80 1.37 0.88 1.24 0.67 

Listening Comprehension Total 

Score. 

2.31 1.49 1.17 1.54 2.04 1.65 1.21 1.70 1.55 1.44 0.85 1.30 

 

7) Initial Consonant Substitution 

There was no significant interaction between the effects of 

ethnicity and WEL on Initial Consonant Substitution gains, 

F(3, 253) = 1.02, p = .383. Simple effects analysis showed 

that African American students in the experimental group 

significantly outperformed students in the control group. 

Hispanic students’ gains in the experimental group were 

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

TABLE II: DISTRICT 1 - FIRST GRADE TPRI GAINS BY ETHNICITY 

First Grade African American  Hispanic  Caucasian 

Treatment  Control  Treatment  Control  Treatment  Control 

M SD M SD M SD M SD M SD M SD 

Blending Phonemes. 3.00 1.58 0.69 1.23 1.87 2.13 0.88 1.53 1.50 2.12 0.44 1.00 

Blending Word Parts. 2.67 1.56 1.33 1.48 1.79 1.77 1.58 1.66 2.17 1.33 1.29 1.40 

Blends in Final Position. 4.00 1.41 2.00 1.93 2.30 2.00 2.04 1.65 3.67 1.53 1.11 1.37 

Deleting Initial Sounds. 2.75 1.50 1.07 1.76 1.80 1.82 1.12 1.99 3.50 1.00 0.76 1.45 

Final Consonant Substitution. 1.83 2.04 0.14 0.55 1.31 1.80 1.04 1.67 0.00 0.00 0.50 0.89 

Initial Blending Substitution. 4.40 0.89 2.40 1.82 2.33 1.68 2.27 2.03 4.00 1.41 1.71 2.02 

Initial Consonant Substitution. 2.00 2.31 0.62 1.18 1.77 1.85 1.47 1.71 1.00 1.41 0.62 1.26 

Middle Vowel Substitution. 2.25 2.22 0.35 0.77 1.17 1.75 0.40 1.21 1.00 1.00 0.06 0.36 

 

TABLE III: DISTRICT 2 – SECOND GRADE DRA PERCENT GAINS BY ETHNICITY 

Second Grade African American  Multiracial  Caucasian 

 Treatment  Control  Treatment  Control  Treatment  Control 

 M SD M SD M SD M SD M SD M SD 

DRA. 53.57 37.46 38.95 36.32 80.57 56.21 33.30 24.68 52.84 28.90 37.83 23.33 

 

TABLE IV: DISTRICT 3 – KINDERGARTEN VLT END OF YEAR SCORES BY ETHNICITY 

Kindergarten Hispanic  Caucasian 

Treatment  Control  Treatment  Control 

M SD M SD M SD M SD 

VLT. 73.49 23.19 55.00 29.76 80.93 21.71 74.62 26.27 

 

TABLE V: DISTRICT 3 – FIRST GRADE VLT END OF YEAR SCORES BY ETHNICITY 

First Grade African American  Hispanic  Caucasian 

 Treatment  Control  Treatment  Control  Treatment  Control 

 M SD M SD M SD M SD M SD M SD 

VLT. 66.78 20.31 63.00 19.05 70.53 19.54 52.29 26.29 73.30 19.47 63.87 23.78 

 

8) Middle Vowel Substitution 

There was no significant interaction between the effects of  

ethnicity and WEL on Middle Vowel Substitution gains, F(3, 

130) = 1.51, p = .216. Simple effects analysis showed that 

African American and Hispanic students in the experimental 

group significantly outperformed students in the control 

group. 

B. District 2 

1) Second grade 

The experimental group for second grade (n = 70) 

consisted of students who used WEL during the 2015-2016 

school year. The control group (n = 407) consisted of 

students who did not use WEL during the 2015-2016 school 

year. 

a) Group differences by ethnicity using a two-way 

ANOVA 

A two-way ANOVA was conducted to examine the effects 

of WEL and ethnicity on DRA percent gains (see Table III). 

There was a significant interaction between the effects of 

ethnicity and WEL on DRA percent gains, F(4, 464) = 2.74, 

p < .05. Simple effects analysis showed that Multiracial 

students’ percent gains in the experimental group were 

significantly higher than in the control group. African 

American students’ percent gains in the experimental group 

were slightly higher than in the control group, but the 

difference was not significant. 

C. District 3 

1) Kindergarten 

The experimental group for kindergarten (n = 1,287) 

included students who used WEL for more than 1,000 

minutes throughout the 2015-2016 school year. The control 

group (n = 43) included students who used WEL for less than 

500 minutes throughout the 2015-2016 school year. 

a) Group differences by ethnicity using a two-way 

ANOVA 

A two-way ANOVA was conducted to examine the effects 

of WEL and ethnicity on VLT end of year scores (see Table 

IV). There was no significant interaction between the effects 

of ethnicity and WEL on VLT end of year scores, F(3, 1319) 

= 2.17, p = .090. Simple effects analysis showed that 

Hispanic students in the experimental group significantly 

outperformed students in the control group. 

2) First grade 

The experimental group for first grade (n = 1,892) 

included students who used WEL for more than 1,000 

minutes throughout the 2015-2016 school year. The control 

group (n = 34) included students who used WEL for less than 
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300 minutes throughout the 2015-2016 school year. 

a) Group differences by ethnicity using a two-way 

ANOVA 

A two-way ANOVA was conducted to examine the effects 

of WEL and ethnicity on VLT end of year scores (see Table 

V). There was no significant interaction between the effects 

of ethnicity and WEL on VLT end of year scores, F(3, 1915) 

= 0.70, p = .551. Simple effects analysis showed that 

Hispanic students in the experimental group significantly 

outperformed students in the control group. African 

American students’ end of year scores in the experimental 

group were slightly higher than in the control group, but the 

difference was not significant. 

 

IV. CONCLUSION 

Incorporating technology in early childhood education 

settings can lead to significant academic improvements in 

young learners [18], [19]. The current study supports 

previous findings that CAI can be an effective supplement in 

elementary school curriculum to increase early literacy skills 

of students. For all three districts, students who used WEL in 

addition to traditional classroom instruction had significantly 

higher gains, percent gains, or end of year scores on reading 

assessments than students who did not use the software. 

Results from District 3 demonstrated that students who had 

higher usage performed significantly better than students 

with less usage.  

A key goal in implementing supplemental CAI in a 

classroom setting is for it to benefit every student, regardless 

of demographic background. When comparing students 

within each ethnicity, higher experimental group scores were 

also reported for students of ethnic minorities, though the 

improvement was not always significantly higher than the 

control group. The first district was unique in that the 

majority of participants were Hispanic, emphasizing that CAI 

can be used to give students of different backgrounds an 

equal chance at academic success. This supports previous 

research which has found positive effects on literacy skills of 

students of various ethnicities from CAI usage [20], [21]. 

Future research would benefit from student populations 

that were more ethnically diverse than the current study. 

Although the school districts consisted of a large number of 

students in each grade, there was often not a sufficient 

number of students of each ethnicity to make meaningful 

comparisons between the experimental and control groups. 

The current study was also limited in that literacy 

improvement was only analyzed throughout the course of one 

school year. More research on the longitudinal benefits of 

CAI curriculum as a classroom supplement would help 

solidify the efficacy of this approach to improving early 

literacy. 
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