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Abstract: UPSTART is an adaptive program that provides pre-kindergarten children with an 
individualized reading, math, and science curriculum that is tailored to each individual rate of 
growth coupled with parents training and support. Pre-kindergarten students were randomly 
assigned to use the Early Reading program or the Early Math and Science program at home in 18 
rural school districts in Utah. The Waterford Assessment of Core Skills (WACS) was administered 
at the beginning and end of the program to assess students’ early literacy. At the conclusion of the 
program year, analysis revealed a significant difference between groups due to higher gains for 
students that used the Waterford Early Reading program, indicating that the Waterford Early 
Reading program improves students’ early literacy skills after one year in the program while 
preparing them for kindergarten. The improvement was seen across demographics such as 
ethnicity, SES, language, preschool attendance and household income. 
 
 

Introduction 
	  

Language and word learning skills are significantly affected by early family experience (Weisleder & 
Fernald, 2013), and early reading difficulties can sometimes appear even before a child enters kindergarten.  
Whether a problem begins before or during the time a child starts school, research has noted that large differences in 
reading technique and achievement are made apparent as early as first grade (Herbers, Cutuli, Supkoff, Heistad, 
Chan, Hinz, & Masten, 2012). Students that are behind during the first years of school tend to learn at a slower rate 
than students who begin ahead.  Often, this results in a so-called “Matthew effect” for reading skills, in which the 
academically “rich” become richer and the “poor” become poorer (Pfost, Hattie, Dörfler, & Artelt, 2013). 

Many recent efforts to improve reading instruction in U.S. primary schools have not been met with 
encouraging results, especially among lower-performing students (Chubb & Clark, 2013). In 2005, the National 
Assessment of Educational Progress (NAEP) reported that more than one-third of American fourth-grade students 
performed at the lowest level (Below Basic) on the NAEP reading skills test, a measure of reading comprehension 
(National Center for Education Statistics [NCES], 2008).  Recent efforts to improve reading instruction on a national 
scale, like the No Child Left Behind Act and its accompanying Early Reading First program, have moved public 
schools toward setting more specific goals for accountability and instructional methods for reading (Department of 
Education, 2008). Results from recent federal efforts, while encouraging in certain areas, have not proven to be 
unequivocally positive; scores from the 2009 NAEP show that progress in early reading achievement continues to be 
very slow, even though progress has been made by lower-performing students in the early grades. The 2009 test 
showed no significant changes in racial/ethnic gaps, gender gaps, or gaps by type of school when compared to 
scores from 2007, and reading average scores among fourth-graders did not improve at all (NCES, 2010). Making 



improvements to early reading instruction continues to present a significant problem for both educators and 
policymakers.    
 
A Unique Home-Based Solution   
 

Heckman (2001) demonstrated the importance of concentrating financial investments in exemplary 
preschool programs, where the return on investment appears to be the greatest.  As a consequence of his research, 
about 80% of states have introduced some version of a universal pre-kindergarten approach.  However, offering 
traditional preschool programs is costly and can be prohibitive for states, especially during economic downturns 
when states’ resources are strapped to continue to meet existing K-12 program needs. A traditional classroom-based 
pre-kindergarten program is estimated to cost $8,700 per child (National Institute for Early Education Research 
[NIEER], 2010), including facilities, administration, and support services.  

In addition to the cost element, research also brings into question some aspects of universal preschool 
programs.  Loeb et.al. in a Policy Analysis for a California Education report notes that about two-thirds of children 
in America currently attend preschool. Although preschool attendance modestly improves students’ math and 
reading scores, the behavioral impact of pre-kindergarten programs on the students is mixed at best (Allen, Pianta, 
Gregory, Mikami, & Lun, 2011). With data from over 14,000 students, this work heightens the importance of 
finding alternative solutions to institutionalized preschool. Perhaps even more importantly, the work of Loeb et.al. 
defines the academic limits of what can be expected from a universal preschool program.  

Taking these limitations of traditional preschool classroom learning into consideration, learning at home is 
an available and viable alternative. The home has immense potential for influencing a child because, from birth until 
high school graduation, only 13% of a child’s waking hours are spent in school.  Time available at home is a major 
untapped resource for addressing traditional educational settings’ time limitations (Anders, Rossbach, Weinert, 
Ebert, Kuger, Lehrl, & von Maurice, 2012).  
 
Technology-Delivered Curriculum and a Proactive Support Organization  
 

Home-based learning, of course, raises the issue of curriculum and academic supervision.  Technology can 
provide an innovative and cost-effective curriculum, and software can individualize instruction (Christensen, 
Johnson, & Horn, 2008). Computer-assisted instruction (CAI) in the classroom has been shown to allow for a 
dynamic presentation of material with a high level of engagement in the learning process.  CAI can provide 
immediate feedback to responses, reinforcement, and, in some cases, an adaptive, learner-centered course of 
instruction. These benefits have been related to substantive student gains in knowledge (Higgins & Katsipataki, 
2012), and may help eliminate certain impediments to effective intervention among younger school-aged students 
and at-risk children (e.g., Fish, Li, McCarrick, Butler, Stanton, Brumitt, Bhavnagri, Holtrop, & Partridge, 2008). 
Additionally, the use of software is artistically engaging for children and is generationally appropriate—today’s 
children are “digital natives” and adapt quickly and easily to software-based instruction.   
  Equally as important as the software curriculum is academic supervision.  A successful software program 
must draw upon the home’s resources—available time, the presence of a concerned parent or caregiver, a reliable 
environment to learn, known daily routines—to help address critical education needs.  

 
Effectiveness of Waterford  
 

Research examining the effectiveness of adaptive, sequence-based CAI has been very positive. The use of 
adaptive learning systems in early education classrooms has resulted in greater reading ability gains compared to 
controls for kindergarteners living in poverty (Hecht & Close, 2002), ELL kindergarteners (Powers & Price-
Johnson, 2006), suburban kindergarteners (Cassady & Smith, 2003; Macaruso & Walker, 2008), and suburban first 
graders (Cassady & Smith, 2005; Macaruso, Hook, & McCabe, 2006; Savage, Abrami, Hipps, & Deault, 2009).    

The Waterford Early Learning program, an adaptive CAI that serves as UPSTART’s home curriculum, has 
been formally assessed in a variety of schools and districts of varying size, location, and socioeconomic status, and 
results are consistent in supporting the software’s considerable effectiveness. Waterford’s Early Reading program 
places technology in the home and uses it to offer a strong, individualized academic program for preschool children.  
If a child spends just 15 minutes a day, five days a week—the minimum requirement for participation in the 
Waterford Early Learning program—using the software, s/he will be provided with 90 hours of individualized 
instruction in a year.  One additional hour per week of individualized instruction has been shown to improve 
standardized test scores (Cattaneo, Oggenfuss, & Wolter, 2016). 



After a statewide implementation of the Waterford Early Learning program (N=2414) in Idaho 
kindergartens, evaluators, working in connection with the Albertson Foundation, reported strong evidence from a 
representative sample of eight school districts for its effectiveness among academically disadvantaged students. 
After one year with the program, the effect size for students who had originally tested in the lowest third on 
standardized reading measures was 1.14, and the overall effect size for students who completed the program was 
0.52 (Walberg, 2001). 

Additionally, an Indiana school implemented the Waterford Early Learning program in its kindergarten 
classes to work in conjunction with existing literacy instruction; the evaluation used the Phonological Abilities Tests 
(PAT) at the beginning, middle, and end of the trial year to assess student gains for basic literacy skills. Another 
school in the area, which had not implemented the program at all, served as the control group. Teachers in both 
schools, as participants in the Intentional Reading Project (IRP), were engaged in ongoing professional development 
activities, and both schools received various other resources throughout the year; however, the researchers were 
careful to ensure that Waterford software was the principal curricular difference (Cassady & Smith, 2003). Despite 
no significant differences in pre-test scores, students using the software experienced a faster acquisition of 
phonological awareness skills than students who had not used the program, F (2, 85) = 3.05, p < .05, η2 = .07.    

As a follow-up to their study with kindergarteners, Cassady and Smith examined the effect on reading 
achievement gains with first graders in 2005.  Again, students who used the Waterford Early Learning program 
experienced significantly greater reading skill gains on a standardized test (the CTBS Terra Nova) than the 
comparison group, F (1, 91) = 10.61, p < .002, η2 = .10. Researchers also noted that the lowest-performing students 
benefitted most from the program because these students dramatically outperformed the low-performing comparison 
group, F (1, 21) = 15.67, p < .001, η2 = .43.  By the end of the first grade year, test scores among this “at-risk” group 
were equivalent to those of the moderate-performing students in the comparison classes (Cassady & Smith, 2005).  

The What Works Clearinghouse reviewed an Ohio study that included more than seventy kindergarten 
students from six schools in Ohio and found evidence supporting the reading software’s value for alphabetic skills 
and comprehension.  The Waterford Early Learning program was found to have potentially positive effects on 
alphabetic skills, +19 percentile points, while the comprehension improvement index was +4 percentile points (What 
Works Clearinghouse, 2007).    

In each of the studies, students using Waterford software outperformed comparison-groups in most, if not 
all, of examined assessment measures; it is important to note that in no case did the comparisons outperform 
Waterford students. Computer-assisted instruction has been proven to be a considerable and flexible tool for helping 
children reach their whole learning potential.  
 
Methods 
 

Students used the Waterford Early Learning program throughout the 2014-2015 school year. Using random 
selection, students were assigned to use only the Waterford Early Reading Program (ERP), a reading curriculum, or 
only the Waterford Early Math and Science program (EMS), a math and science curriculum. The Waterford 
Assessment of Core Skills (WACS) is an adaptive assessment that was administered at the beginning and end of the 
school year.  
 
Participants 
 
 Participants were 946 four-year-old pre-kindergarten children at 18 of the most rural school districts 
located in Utah. To participate in the program, families committed to use the program for fifteen minutes each day, 
five days per week.  
 
Materials 
 
The Waterford Assessment of Core Skills (WACS) 
 

An adaptive assessment that was administered at the beginning and end of the school year designed to 
assess eleven key pre-literacy and reading skills. Initial content validity for WACS was established against state and 
national standards for the eleven 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).  

 
The Waterford Early Reading Program (ERP) 

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. 

 
The Waterford Early Math and Science program (EMS) 
 

The program offers a comprehensive computer-adaptive science and math curriculum for pre-kindergarten 
through second grade students. The program presents a wide range of multimedia-based science and math activities 
in an adaptive sequence tailored to each student’s initial placement and his or her individual rate of growth.  
 
Procedure 
 

Using random selection, pre-kindergarten students were assigned to use either ERP or EMS. Students were 
expected to use their assigned curriculum for 15 minutes per day, 5 days per week throughout the 2014-2015 school 
year, a pattern designed to strengthen neural pathways by providing consistent repetition of the learning activities. 
Usage was tracked within the program and monitored weekly by Waterford personnel. Total minutes of usage of 
ERP or EMS for the school year per group was calculated, and students below the threshold for each group were 
excluded from analysis. Students were administered the WACS reading assessment at the beginning and end of the 
2014-2015 school year.  

 
Results	  

Gains 
 
Figure 1 shows WACS gains for each sub skill for EMS and ERP, respectively. 
 

 
 

Figure 1: WACS mean gains for EMS and ERP 
 
To examine the efficacy of ERP on student’s early literacy skills, an ANCOVA was conducted on WACS 

posttest scores covarying for WACS pre-test scores. An overall analysis revealed a significant difference between 
groups, F (1, 557) = 26.649, p < .01, due to higher posttest scores for students who used only ERP than for students 
who used only EMS, with an effect size of d=.44.  
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Higher posttest scores for students who used only the Waterford Early Reading Program  than for students 

who only used EMS were observed for all strands, with significant differences between groups found in blending, 
initial sounds, letter sounds, and letter recognition. See Figure 2. 
 

 
 

Figure 2: WACS posttest scores for EMS and ERP. 
 
Demographics 
 

Further analysis was conducted to examine the influence of demographics on posttest scores using pretest 
scores as a covariate. The results are as follows: 

Parental Education Level 

There is a significant interaction between the effects of parental education level and Waterford curriculum 
on posttest reading scores, F(6,547) = 6.755, p<.01. Simple effects analysis showed that for students in the 
experimental group whose parents completed Some College (M=2638.478) significantly outperformed students in 
the control group (M =2390.993), F(1, 547) = 35.560, p<.01. Students in the experimental group whose parents Did 
Not Complete High School (M=2393.636), High School Diploma/G.E.D (M=2465.675), Bachelor’s Degree 
(M=2634.874), and Master’s Degree (M=2736.826) had higher posttest scores than students in the control group 
whose parents Did Not Complete High School (M=2278.062), High School Diploma/G.E.D (M=2403.480), 
Bachelor’s Degree (M=2574.331), and Master’s Degree (M=2567.762), but the differences were not significant. 
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Figure 3: Mean gains in posttest reading scores for parental education level. 
 
Under 185% Poverty Level 

There is a significant interaction between the effects of poverty level and Waterford curriculum on posttest 
reading scores, F(2,555) = 15.429, p<.01. Simple effects analysis showed that students in the experimental group 
whose   poverty level is under 185% (M =2590.066) significantly outperformed students in the control group with 
the same respective poverty level (M =2395.966), F(1, 555) = 7.263, p<.01, and students in the experimental group 
whose poverty level is above 185% (M =2630.750) significantly outperformed students in the control group with the 
same respective poverty level (M =2517.060), F(1, 555) = 23.657, p<.01  

 

Figure 4: Mean gains in posttest reading scores under the 185% poverty level. 
 
Gender 

There is a significant interaction between the effects of gender and Waterford curriculum on posttest 
reading scores, F(2,555) = 13.826, p<.01. Simple effects analysis showed that female students in the experimental 
group (M =2627.745) significantly outperformed female students in the control group (M =2443.478), F(1, 555) = 
19.268, p<.01, and male students in the experimental group (M =2586.259)  significantly outperformed male 
students in the control group (M =2468.770), F(1, 555) = 8.383, p<.01.  
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Figure 5: Mean gains in posttest reading scores for gender. 
 
Ethnicity 

There is a significant interaction between the effects of ethnicity and Waterford curriculum on posttest 
reading scores, F(5,547) = 5.961, p<.01. Simple effects analysis showed that Caucasian students in the experimental 
group (M =2631.930) outperformed Caucasian students in the control group (M =2483.969), F(1, 547) = 23.853, 
p<.01. African-American (M =2345.160), Hispanic (M =2405.506), and Native American/Alaskan Native (M 
=2243.928) students in the experimental group had slightly higher posttest scores than African-American (M 
=2248.970), Hispanic (M =2303.399), and Native American/Alaskan Native (M =2140.469) students in the control 
group, but the differences were not significant. 

	  

Figure 6: Mean gains in posttest reading scores for ethnicity. 
 
Preschool Attendance 

There is not a significant interaction between the effects of preschool attendance and Waterford curriculum 
on posttest reading scores, F(1,555) = 0.046, p=0.830. Simple effects analysis showed that students that attended 
preschool in the experimental group (M =2618.841) outperformed students in the control group that attended 
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preschool (M =2463.628), F(1, 555) = 10.533, p<.01. Students that did not attend preschool in the experimental 
group (M =2592.223) outperformed students in the control group that did not attend preschool (M =2449.603), F(1, 
555) = 15.876, p<.01.  

	  

Figure 7: Mean gains in posttest reading scores for preschool attendance. 
 
Primary Language 

There is not a significant interaction between the effects of primary language and Waterford curriculum on 
posttest reading scores, F(1,553) = 0.010, p=0.922. Simple effects analysis showed that students in the experimental 
group with English as their primary language (M =2624.226) outperformed students in the control group with 
English as their primary language (M =2473.662), F(1, 553) = 26.168, p<.01. Students in the experimental group 
with Spanish as their primary language (M =2304.338) had slightly higher posttest scores than students in the 
control group with Spanish as their primary language (M =2166.531), but the difference was not significant. 

	  

Figure 8: Mean gains in posttest reading scores for primary language. 
 
Discussion 
	  
 Our findings suggest that the Waterford Early Reading program has been effective in helping pre-
kindergarten students attain the emergent literacy and reading skills they need for early academic success.  
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 Acquiring basic literacy and math skills has long been considered among the most important elements of 
early childhood education, yet many recent efforts to improve reading and math instruction in U.S. primary schools 
have not been met with encouraging results. Research suggests that different preschool programs have been shown 
to produce positive effects on later academic achievement, but vary greatly in effect size by the type of program 
(Barnett, 2008). Because early reading and math has proven to be such a difficult problem to address, future 
solutions should be more innovative or even revolutionary in approach while still providing rigorous theoretical and 
empirical justification for their usefulness. Despite the challenges faced by integrating technology in education, past, 
recent, and emergent developments in technology provide an encouraging future outlook.  

Effective early childhood education can help students reach their whole learning potential through 
technology implementations in curriculum early on. Waterford’s Early Reading program, as shown in this empirical 
study, is an adaptive tool for helping pre-kindergarten children reach their full potential once they begin 
kindergarten. Our results supported our hypothesis that CAI has an impact on 4-year-old reading scores on the 
Waterford Assessment of Core Skills. On most measured skills, the group that used the Early Reading program 
made significantly greater gains than the group that used the Early Math and Science program. The group that used 
the Early Reading program had higher gains than the group that used the Early Math and Science program from the 
beginning of year WACS scores to the end of year WACS scores on all strands of the assessment. Higher gains were 
seen in students that used the Early Reading program across demographics. 

The Waterford Early Reading program prepares children for kindergarten, and this study allowed students 
in rural areas have access to a successful pre-kindergarten preparedness program. CAI in a home setting combined 
with parental training and support in rural areas where traditional preschool may not be possible showed promising 
results.  Individualized instruction in the home can result in early academic success, potentially leading to increased 
future learning gains. 
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