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Abstract— Prior research into computer-assisted instruction
(CAI) has demonstrated that the use of technology in the
classroom has the potential to help underperforming young
learners. The literature has also stressed that thorough
evidence-based testing is needed to ensure that effective
instruction is provided to students and that accurate
information is available to educators. This study explored the
effect of an adaptive CAI program on learning outcomes for
young students. Kindergarten and first grade students used
Waterford Early Learning (WEL), a computer-adaptive
reading curriculum, and were assessed at the beginning and end
of the 2016-2017 school year. Analysis of gains found that
students in both grades who used WEL benefited from
significantly greater growth in literacy skills than a historic
dataset of students from the previous year who did not use
WEL. Students who used WEL outperformed their control
counterparts on end of year scores despite having lower
beginning of year scores on most strands. In this study, WEL
improved the literacy scores of the students who used it,
indicating that computer-assisted instruction can make a
positive impact on students’ early literacy skills.

Index Terms—Computer-adaptive Curriculum, Young
Learners, Literacy
I. INTRODUCTION
In 2000, the National Reading Panel established
procedures  for establishing the most effective,

evidence-based instructional methods to teach children how
to read [1]. These procedures have encouraged researchers to
evaluate early childhood education with only high-quality
studies, and to peruse stronger, more valid designs including
replicating successful prior research [2]. Almost two decades
later, technology is close to inseparable from learning — as a
digital society, we are no longer discussing how to
incorporate technology into the classroom, but how to most
effectively utilize the technology present in all aspects of the
classroom [3]. Early elementary school students not only
need to learn how to read to excel in school, but how to
sharpen their digital literacy skills to thrive in their daily lives
and future workplaces. If a student does not learn to read by
early elementary school, negative effects are pervasive into
higher levels of education [4].

Technology can now not only reach students in one
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classroom, it can highly impact learning across states and
across the country, shown through the ever-increasing
enrollment in virtual courses [5]. A recent literature review of
40 research studies involving elementary school students
learning through technology found a medium effect size
across studies (g = 0.55), implying that technology is an
effective way for young students to learn [6]. Additionally,
preschool students significantly outperformed control
counterparts on emergent literacy skill strands following use
of electronic book activities [7]. One potential way to include
technology in the classroom is through computer-assisted
instruction (CAI). CAI is an educational method of
presenting students with different forms of interactive and
instructional media. Unlike traditional large group
instruction, CAI allows individual students to experience
content that is consistently appropriate for their pace of
learning and provides meaningful feedback [8]. Using an
individualized curriculum increases students’ flexibility,
interactivity, and engagement, and it has been shown to
improve young students’ literacy skills [9]. CAI has been
shown to benefit students at an early age: A study across 18
preschools gave students access to touchscreen desktops with
interactive software which taught reading skills, and students
who used the software scored higher in a standardized
literacy test than those who did not [10].

Students from differing populations can also benefit from
technology: Blended learning approaches have been found to
succeed in early elementary school grades and across
demographics such as students from low socioeconomic
backgrounds and EL students [11]. For example, in one
study, teaching sight words to students with intellectual
disabilities in teacher-directed versus computer-assisted
instruction lead to similar results, but students preferred the
teacher-directed method [12]. Efforts to improve general
education classrooms through effective instruction and
interventions will assist all students, including students with
disabilities [13]. In a study involving students from
low-income backgrounds, students were randomly assigned
to receive either CAI math instruction or CAI literacy
instruction; at the end of the study, students who used the
CAI math program significantly outperformed their reading
counterparts on posttest math measures [14]. Additionally,
students from low-income backgrounds improved
comprehension skills and vocabulary when supplemented
with a CAI literacy program compared to students who did
not use the program [15].

Early education is key to students’ success: High-quality
pre-kindergarten programs are extremely important for
students’ academic trajectory and success in the classroom,
especially for students from low-income families [16].
Unfortunately, new technologies alone may not be effective



in closing achievement gaps despite allowing students more
flexibility in their learning [5]. Students increasingly prefer to
read digital texts as opposed to texts in print, yet their
absorption of the material is less effective when reading
digital texts [17]. Conclusions of published studies of
technology programs can potentially be tailored to promote
the programs rather than informing the educational sector
[18]; moreover, studies are rarely replicated to add to the
evidence-based educational research base and investigate the
rigor and success of completed educational studies [2]. In
order to respond to the demand for stronger research from
almost two decades ago by the National Research Panel,
research into the ever-growing field of educational
technology is necessary to assist all students by providing
access to evidence-based, quality practices and curricula.

In this study, students in the experimental group used a
CAI literacy program in addition to their traditional
classroom instruction, whereas the control group solely had
traditional literacy in-class instruction. The hypothesis is that
students who used a blended learning approach will
outperform their control counterparts on all end of year
literacy assessment strands.

II. METHODS

A. Participants

This study consisted of kindergarten and first grade
students (N = 345) in a Tennessee school district. For
kindergarten, the experimental group (n = 88) included
students who used Waterford Early Learning (WEL) during
the 2016-2017 school year. The control group (n = 100)
included students who attended kindergarten the previous
year and did not use WEL. For first grade, the experimental
group (n = 78) included students who used WEL during the
2016-2017 school year. The control group (n = 79) included
students who attended first grade the previous year and did
not use WEL.

B. Materials

1) Waterford Early Learning (WEL)

The program offers a comprehensive, computer-adaptive
pre-reading and reading curriculum for 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) Northwest Evaluation Association (NWEA) Measures of
Academic Progress (MAP)

The MAP is a valid assessment intended to measure
individual growth and mastery for students in kindergarten
through twelfth grade on a range of skills. The skills
considered relevant to kindergarten and first grade students
for this study are Foundational Skills, Language and Writing,
Literature and Information, and Vocabulary Use and
Functions. Results are scored on a standardized Rasch Unit
(RIT) scale.

C. Procedure

Kindergarten experimental students were expected to use
WEL for fifteen minutes per day, five days per week, and first

grade experimental students were expected to use WEL for
thirty minutes per day, five days per week. Usage was tracked
within the program and monitored weekly, and total minutes
of WEL usage for the school year per experimental group
was calculated. Students in the control group received
traditional literacy instruction for the same amount of time
that the experimental group received CAI instruction. Thus,
overall exposure to literacy instruction was the same for all
groups. A literacy assessment was administered to all
students at the beginning and end of their respective school
year.

III. RESULTS

A. Kindergarten

1) Group Differences using Independent Samples t-tests

Independent samples ¢-tests examining group differences
in beginning of year and end of year scores between the
experimental group and the control group were conducted
(see Fig. 1 and 2).

2) Group Differences using Analysis of Covariance
(ANCOVA)

ANCOVAs examining group differences in end of year
scores, covarying for beginning of year scores, between the
experimental and control groups were conducted (see Fig. 3).

a) Overall RIT

Analysis of Overall RIT end of year scores, covarying for
beginning of year scores, revealed a significant difference
between groups, F(1, 185) =22.36, p < .01, due to the higher
end of year scores made by the experimental students (M =
167.68) than by the control students (M = 156.96). Effect size
(d =0.66).

b) Foundational Skills

Analysis of Foundational Skills end of year scores,
covarying for beginning of year scores, revealed a significant
difference between groups, F(1, 184) =23.61, p < .01, due to
the higher end of year scores made by the experimental
students (M = 170.68) than by the control students (M =
157.25). Effect size (d = 0.68).
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Fig. 1. Kindergarten beginning and end of year Overall RIT scores
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Fig. 2. Kindergarten beginning and end of year RIT scores by strand

c) Language and Writing
Analysis of Language and Writing end of year scores,
covarying for beginning of year scores, revealed a significant
difference between groups, F(1, 185) = 16.30, p < .01, due to
the higher end of year scores made by the experimental
students (M = 165.29) than by the control students (M =
155.83). Effect size (d = 0.58).
d) Literature and Information
Analysis of Literature and Information end of year scores,
covarying for beginning of year scores, revealed a significant
difference between groups, F(1, 185) =11.16, p < .01, due to
the higher end of year scores made by the experimental
students (M = 165.95) than by the control students (M =
158.25). Effect size (d = 0.47).
e) Vocabulary Use and Functions
Analysis of Vocabulary Use and Functions end of year
scores, covarying for beginning of year scores, revealed a
significant difference between groups, F(1, 185) =12.21,p <
.01, due to the higher end of year scores made by the
experimental students (M = 167.13) than by the control
students (M = 158.22). Effect size (d = 0.51).

B. First Grade

1) Group Differences using Independent Samples t-tests

Independent samples #-tests examining group differences
in beginning of year and end of year scores between the
experimental group and the control group were conducted
(see Fig. 4 and 5).
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Fig. 5. First grade beginning and end of year RIT scores by strand

2) Group Differences using Analysis of Covariance
(ANCOVA)

ANCOVAs examining group differences in end of year
scores, covarying for beginning of year scores, between the
experimental and control groups were conducted (see Fig. 6).

a) Overall RIT

Analysis of Overall RIT end of year scores, covarying for
beginning of year scores, revealed a significant difference
between groups, F(1, 154) = 17.02, p < .01, due to the higher
end of year scores made by the experimental students (M =
178.48) than by the control students (M = 170.09). Effect size
(d=0.55).

b) Foundational Skills

Analysis of Foundational Skills end of year scores,
covarying for beginning of year scores, revealed a significant
difference between groups, F(1, 154) =26.31, p < .01, due to
the higher end of year scores made by the experimental
students (M = 182.46) than by the control students (M =
168.87). Effect size (d = 0.73).

c) Language and Writing

Analysis of Language and Writing end of year scores,
covarying for beginning of year scores, revealed a significant
difference between groups, F(1, 154) = 4.08, p < .05, due to
the higher end of year scores made by the experimental
students (M = 176.75) than by the control students (M =
171.53). Effect size (d = 0.30).

d) Literature and Information

Analysis of Literature and Information end of year scores,
covarying for beginning of year scores, revealed a significant
difference between groups, F(1, 154) =7.70, p < .01, due to
the higher end of year scores made by the experimental
students (M = 176.11) than by the control students (M =
170.09). Effect size (d = 0.38).

e) Vocabulary Use and Functions
Analysis of Vocabulary Use and Functions end of year
scores, covarying for beginning of year scores, revealed a
significant difference between groups, F(1, 154) =9.00, p <
.01, due to the higher end of year scores made by the
experimental students (M = 177.29) than by the control
students (M = 171.03). Effect size (d = 0.42).

IV. CONCLUSION

The current study explored the effect of a comprehensive,
computer-adaptive curriculum on the literacy skills of young
learners. The findings support the hypothesis: Despite having
lower scores at the beginning of the year, students in both
grades who used CAI technology consistently outperformed
their control counterparts on all literacy assessment strands at
the end of the year. For students in kindergarten and first
grade, use of a computer-assisted curriculum lead to
significantly higher end of year scores, while covarying for
beginning of year scores, than scores by students who had
traditional literacy instruction alone.
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Fig. 6. First grade end of year RIT scores while covarying for
beginning of year scores



Effect sizes, as described by Cohen’s conventions [19],
ranged from small to medium. The largest effect sizes were
for Foundational Skills for both kindergarten (d = 0.68) and
first grade (d = 0.73). This was also the only circumstance
where an effect size for first grade exceeded the effect size for
the same strand in kindergarten. whereas both grades saw
significant benefit from using the curriculum, effect sizes
were larger for kindergarten than for first grade, with the
largest discrepancy between Language and Writing for first
grade (d = 0.30) and kindergarten (d = 0.58): The larger effect
sizes for kindergarten make a compelling argument for the
early implementation of a computer-adaptive curriculum.

Some technical limitations of the current study should be
acknowledged. The study had a largely homogenous sample
in terms of ethnicity and lacked a meaningful sample of
students with learning disabilities or English language
learners. This limits the generalizability of the study and its
ability to speak directly to what potential benefit a
computer-adaptive curriculum may have for the most
vulnerable students. Participants were from a single school
district, which creates the possibility that local economic,
geographic, or cultural confounds may have inadvertently
influenced results. Additionally, the current study lacks
longitudinal data and, as a result, cannot explore the
longevity of any benefit gained from a computer-adaptive
curriculum.
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