
Using computer-assisted instruction to fidelity to combat learning loss in early learners

Abstract: This study examined the degree to which fidelity of usage moderates the efficacy of a targeted
computer-assisted instruction (CAI) program. Analysis of end of program scores revealed that students
who used the program to fidelity, for at least 1,350 minutes, during the summer prior to the start of
kindergarten, significantly outperformed students who did not use the program to fidelity, with less than
750 minutes of total usage, on a measure of early reading skills. Across all demographics assessed
(ethnicity, gender, socioeconomic status, preschool attendance, and primary language) students who used
the program to fidelity outperformed students who did not. The results of this study point to the important
role that CAI usage plays in addressing summer learning loss.

Introduction

The “summer slide” is a seasonal period of untapped learning time, during which variations in home
learning environments lead to differential growth of academic skills both within and between populations
of students [1]. Parents of children from higher socioeconomic (SES) households are able to provide
richer at-home learning activities, and out-of-home activities during both the school year and summer
months [2]. These differences in learning environments can, over time, lead to compounding learning
deficits for students across demographic lines where students from low SES, minority, and dual language
learner backgrounds must make up for more and more lost time on a year-by-year basis [3]. According to
the findings of a study investigating academic growth in children from kindergarten through 5th grade,
not only did score gaps widen faster during the summer between school years, but achievement gaps were
already present before children started kindergarten. Further, early childhood is the primary source of the
achievement gaps between children from high and low SES, and between children from different racial
and ethnic backgrounds [4].

High-quality early childhood education programs can help narrow achievement gaps [5] and attending
preschool before entering kindergarten can help children acquire early literacy skills [6]. However, both
dosage and the preschool program type may contribute differently. Experiencing a higher dosage of a
preschool program with an academic focus is also associated with higher preliteracy outcomes,
particularly for African American students [7]. Studies of summer kindergarten readiness programs have
shown that at-risk student attendees [8] and those without prior preschool experience [9] experience
significant early literacy skill growth.

Educational technology may have the potential to help close achievement gaps by providing evidence-
based early education instruction at-home. Computer-assisted instruction (CAI) is an educational
approach which utilizes adaptive and engaging multimedia software to improve student learning
outcomes by providing interactive activities and feedback at a student’s individual difficulty level. CAI
can provide a cost-effective individualized learning environment, which can be widely distributed to
provide targeted literacy instruction over the summer, before the start of kindergarten.

Available research on the effectiveness of CAI use in schools indicates that CAI can help improve early
reading skills for young students [10], including preschool students from low-SES households [11], and
minority students if the content is culturally relevant [12]. Further, earlier CAI use, and using CAI over
multiple years is associated with significantly higher achievement on early reading assessments [13]. The
relationship between increased CAI usage and educational outcomes is not clear [14], and more research
is needed to determine the relationship between academic outcomes and CAI fidelity [15].

Limited research has been conducted on the effectiveness of computer-based early literacy instruction
during the summer prior to kindergarten. One recent study investigated the effectiveness of two



computer-based reading programs, with a parent training component. Kindergarten to third grade students
who used either program for twenty hours over an 8-week period, experienced significant gains in
measures of early literacy skills. However, the sample sizes were small, and the study did not examine the
effects of the program by grade [16]. The aim of this study is to expand on the current body of research
regarding the effectiveness of CAI instruction during the summer prior to kindergarten.

This research comes at an important time, COVID-19 forced many young children to miss large portions
of schooling and has exacerbated existing systemic issues [17]. Recent literature has warned that the
disruption resulting from the pandemic threatens to lead to a global education crisis [18]. Pandemic
related deficits have also been found specifically when looking at the acquisition of foundational literacy
skills [17]. When the oral reading fluency skills of elementary school students were examined in the
spring of 2020 students showed growth well below what had been considered typical in previous years,
with scores for students in poorer districts declining at a disproportionate rate. In this critical period, it is
more important than ever to pursue effective interventions to mediate learning loss.

The current study examines the impact of fidelity on learning outcomes for a targeted CAI summer
program for students in the months prior to entering kindergarten. It is predicted that students that use the
program to fidelity, students with at least 1,350 minutes of usage during the program, will outperform
students that do not use the program to fidelity, students with less than 750 minutes of usage during the
program.

Methods
Participants
This initial sample for this study consisted of four-year-old students (N = 3,082) across 11 states during
the summer of 2021 before their kindergarten year. The sample was 34.01% Caucasian, 27.48% African
American, 22.06% Hispanic, 5.71% Asian, and other ethnicity accounting for 10.74% of the sample.
85.62% of the students in the sample spoke English as their primary language. The sample was 48.96%
female. 59.25% of the sample lived below 185% of the poverty line. The analytic sample (n = 661) was
limited to students with beginning and end of program assessment scores.

Materials
Waterford Upstart
A home-based, technologically enabled, kindergarten readiness program. Through Upstart, families are
provided with equipment and coaching in order to facilitate parental involvement and student
engagement. The program gives students access to an adaptive early literacy curriculum and prepares
them for academic success in kindergarten.

Waterford Reading Academy (WRA)
WRA offers a comprehensive, computer-adaptive 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.

The Waterford Assessment of Core Skills (WACS)
WACS is an adaptive assessment designed to assess 11 key pre-literacy and reading skills. Initial content
validity for WACS was established against state and national standards for the 11 subtests. All items were
then calibrated for Item Response Theory to determine item difficulty. To establish concurrent validity
and predictive validity student performance on WACS was compared to performance on five commonly
used standardized tests also measuring early reading skills; all correlations between tests are significant,



ranging from r = .41 to r = .78 (median r = .63). Additional analyses indicate that WACS is internally
consistent and has strong test-retest reliability (r = .90).

Procedure
Students that participated in the program were expected to use WRA for 20 minutes a day, five days per
week. Usage was tracked within the program and monitored weekly, and total minutes of the adaptive
curriculum usage for the duration of the program per group was calculated. The experimental group (n =
323) included students who used WRA for at least 1300 minutes during the summer learning program
(SLP). The control group (n = 338) included students who used WRA for less than 750 minutes during
the SLP. WACS was administered at the beginning and end of the program to assess the literacy skills of
the students before and after their participation in the program. Note that because it was not possible to
administer the WACS assessment in person because of COVID-19, start of program results were adjusted
based on previously proctored Upstart participants.

Findings

Group Differences Using Independent Samples t-test
Independent samples t-tests were conducted to examine group differences in beginning and end of
program scores between the experimental and control groups (see Table 1, Fig. 1).

Analysis did not reveal a significant difference in beginning of program scores between groups, t(1, 657)
= 0.99, p = .324. Start of program scores made by experimental students (M = 1992.37) and control
students (M = 1963.43) were comparable to each other.

Analysis revealed a significant difference in end of program scores between groups, t(1, 659) = 4.01, p
< .05, due to the higher end of program scores made by experimental students (M = 2701.57) than by
control students (M = 2525.28). Effect size (d = 0.31).

Group Differences Using ANOVAs
Five two-way ANOVAs were performed to examine the impact of demographics and SLP on average end
of program scores (see Table 1).Analysis indicated that there were no significant interactions found for
the effects of the SLP program and ethnicity, gender, socioeconomic status, prior attendance of another
preschool program, or a student’s primary language. Simple effects analysis indicated that for all
comparisons between experimental and control group students, across all demographics considered,
students in the experimental group consistently outperformed students in the control group. End of
program scores for Asian and Hispanic students, female students, students below 185% poverty, and
students whose primary language was not English scores in the experimental group were slightly higher
than in the control group, but the difference was not significant.

Discussion

Educators are facing an unprecedented challenge as young students are experiencing learning loss, due to
both a summer slide effect as well as from disruption due to COVID-19 [1, 17]. These effects are
especially concerning for students who are already at risk of academically falling behind their peers
throughout their elementary school years, including students from low SES households, minority
students, and English language learners [4]. In order to provide the best experience for their students,
educators should seek out programs and interventions that are research-based and provide a meaningful
impact on students’ learning when used to fidelity.



The current study directly compared end of program scores between students who used the CAI software
to fidelity and students who did not use the software for a meaningful amount of time. Results support our
hypothesis that students who had higher usage by the end of the program, at least 1,350 minutes, scored
significantly higher on the end of program literacy assessment compared to students who did not use the
software to fidelity, with less than 750 minutes. The overall effect size of 0.31 can be considered a
meaningful moderate effect according to Cohen’s conventions [19]. Positive results were seen throughout
the sample of students, as students in the experimental group outperformed students in the control group
across all demographics, including ethnicity, gender, socioeconomic status, primary language, and
whether or not the student attended preschool. These outcomes expand on the body of literature
demonstrating positive effects of high-quality early childhood education programs, [7] and the
moderating effect played by fidelity in CAI implementations [15].

Although the positive results of this study can be generalized across demographics, one limitation in the
design is that students were not assessed beyond the end of the summer program. Future research would
benefit from assessing students’ literacy skills during their kindergarten school year, to determine long
term impact of the summer program. This could expand further on benefits of using CAI to mitigate
learning loss due to summer slide and COVID-19.



References
[1] D. Bailey, G. J. Duncan, C. L. Odgers, and W. Yu, “Persistence and Fadeout in the Impacts of Child and

Adolescent Interventions,” Journal of Research on Educational Effectiveness, vol. 10, pp. 7-39, Sep. 2016.
[2] R. L. Coley, C. Kruzik, and E. Votruba-Drzal, (2020). “Do Family Investments Explain Growing Socioeconomic

Disparities in Children’s Reading, Math, and Science Achievement During School Versus Summer Months?”
Journal of Educational Psychology, vol. 112, pp. 1183-1196, Aug. 2020.

[3] D. B. Downey, P. T. Von Hippel, and B. A. Broh, “Are schools the great equalizer? Cognitive inequality during
the summer months and the school year,” American Sociological Review, vol 69, pp. 613-635,Oct. 2004.

[4] P. T. von Hippel, J. Workman, and D. B. Downey, “Inequality in Reading and Math Skills Forms Mainly before
Kindergarten: A Replication, and Partial Correction, of “Are Schools the Great Equalizer?”” Sociology of
Education, vol 9, pp. 323-357, Sep. 2018.

[5] Y. Bai, H. F. Ladd, C. G. Muschkin, and K. A. Dodge, “Long-term effects of early childhood programs through
eighth grade: Do the effects fade out or grow?” Children and Youth Services Review, vol. 112, pp. 104890, Feb.
2020.

[6] W. S. Barnett, K. Jung, A. Friedman-Krauss, E.C. Frede, M. Nores, J. T. Hustedt, C. Howes, and M. Daniel-
Echols, “State Prekindergarten Effects on Early Learning at Kindergarten Entry: An Analysis of Eight State
Programs,” AERAOpen, vol. 4, pp. 1-16, March 2018.

[7] B. Fuller, E. Bein, M. Bridges, Y. Kim, and S. Rabe-Hesketh, “Do academic preschools yield stronger benefits?
Cognitive emphasis, dosage, and early learning,” Journal of Applied Developmental Psychology, vol 52, pp. 1-11,
May 2017.

[8] N. Billak, “Effectiveness of a Summer Intervention Program on Improving Kindergarten Readiness in At-Risk
Students,” P.h.D. dissertation, Dept. Spec. Edu., Slippery Rock University, Slippery Rock, PA, 2021.

[9] R. J. Duncan, S. A. Schmitt, M. Burke, and M. M. McClelland, “Combining a Kindergarten Readiness Summer
Program with a Self-Regulation Intervention Improves School Readiness,” Early Childhood Research Quarterly,
vol 42, pp. 291-300, 2018.

[10]H. Shamir, K. Feehan, and E. Yoder “Effects of Personalized Learning on Kindergarten and First Grade Students
Early Literacy Skills,” presented at CSEDU, Vila Nova de Gaia, Portugal, April 21-23, 2017.

[11]B. A. Rogowsky, C. C. Terwilliger, C. A. Young, and E. E. Kribbs, “Playful learning with technology: The effect
of computer-assisted instruction on literacy and numeracy skills of preschoolers,” International Journal of Play
vol 7, pp. 60-80, July 2018.

[12] J. G. Bennett, R. Gardner III, G. Cartledge, R. Ramnath, and M. R. Council III, “Second-grade urban learners:
Preliminary findings for a computer-assisted, culturally relevant, repeated reading intervention.” Education and
Treatment of Children, vol 40, pp. 145-185, 2017.

[13]H. Shamir, K. Feehan, D. Pocklington, and E. Yoder, “Dosage Effects of CAI on Literacy Skills” in Smart
Education and e-Learning, eds. V. L. Uskov et al., pp. 149-158, vol. 144, 2019.

[14]A. C. K. Cheung and R. E. Slavin, “The effectiveness of education technology for enhancing reading achievement:
Ameta-analysis,” Educational Research Review, vol 9, pp. 88-113, June 2013.

[15]K. Archer, R. Savage, S. Sanghera-Sidhu, E. Wood, A. Gottardo, and V. Chen, “Examining the effectiveness of
technology use in classrooms: A tertiary meta-analysis,” Computers & Education, vol. 7, pp. 140-149, June 2014.

[16]S. S. Pindiprolu, L. J. Marks, “Preventing Summer Reading Slide: Examining the Effects of Two Computer-
Assisted Reading Programs,” Rural Special Education Quarterly, vol. 39, pp. 116-127, 2020.

[17]B. W. Domingue, H. J. Hough, D. Lang, and J. Yeatman, “Changing Patterns of Growth in Oral Reading Fluency
during the COVID-19 Pandemic,”Working Paper for Policy Analysis for California Education, PACE, 2021.

[18]N. Angrist, A. de Barros, R. Bhula, S. Chakera, C. Cummiskey, J. DeStefano, J. Floretta, M. Kaffenberger, B.
Piper, and J. Stern, “Building back better to avert a learning catastrophe: Estimating learning loss from COVID-19
school shutdowns in Africa and facilitating short-term and long-term learning recovery,” International Journal of
Educational Development, vol 84 pp. 102397, 2021.

[19] J. Cohen, Statistical Power Analysis for the Behavioral Sciences, NewYork, NY: Routledge, 1988.



Table 1. Assessment Scores by Demographics
Control

(<750 Minutes)
Experimental

(>=1300 Minutes)
n M SD n M SD p

Overall

Start of
Program 338 1963.43 395.049 323 1992.37 359.469 0.32

End of
Program 338 2525.28 558.221 323 2701.57 571.615 0.00**

Ethnicity

African
American 99 2490.64 557.96 76 2693.76 628.56 0.02*

Asian 14 2633.86 530.15 34 2947.62 517.52 0.08
Caucasian 81 2569.42 575.90 90 2775.11 497.28 0.02*
Hispanic 93 2401.33 505.29 82 2487.70 536.14 0.30
Other 46 2726.09 597.37 38 2792.03 606.47 0.59

Gender Female 185 2550.70 572.00 142 2664.25 558.41 0.07
Male 153 2494.54 541.36 181 2730.85 581.63 0.00**

Socio-
economic
Status

Over 185%
Poverty 106 2590.00 485.30 122 2829.25 496.95 0.00**

Under 185%
Poverty 170 2470.42 565.78 171 2575.65 572.90 0.07

Preschool
Attendance

No Other
Preschool 197 2525.07 540.74 207 2739.92 588.60 0.00**

Other
Preschool 141 2525.57 583.72 116 2633.14 535.65 0.13

Primary
Language

English 268 2541.80 557.49 243 2761.15 569.19 0.00**
Non-English 65 2447.55 566.26 77 2517.32 539.28 0.46

*p < .05, ** p < .001
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Figure 1. Beginning and End of Program Assessment Scores


