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Article

Teaching children to read with fluency and comprehension 
is a fundamental goal of the elementary school curriculum 
(National Governors Association Center for Best Practices 
& Council of Chief State School Officers, 2010). For chil-
dren exhibiting slow growth in their early reading develop-
ment, evidence-based intervention has been found effective 
in resolving instructional deficits (Coyne et al., 2019; 
Vellutino et al., 2006). Unfortunately, there has been a 
national struggle to implement best practice, which is likely 
caused by a lack of resources and appropriate faculty/staff 
training (Benner et al., 2011; Piasta et al., 2020). Integrated 
learning systems (ILSs), as a primary or supplementary 
support, may compensate for these vulnerabilities by allow-
ing for a higher teacher to student ratio for intervention and 
substantially lower training needs. However, the evidence 
base for ILSs is concerningly thin, despite their near unre-
strained use within schools. To address this gap, this study 
investigated the effectiveness of two ILSs to resolve read-
ing deficits among students at-risk.

Integrated Learning Systems

An ILS is defined presently as instruction delivered to stu-
dents via a personal computer or tablet, with a 1:1 computer 
to student pairing, which is adaptive in the leveling and/or 
repetition of lessons and activities based on ongoing student 

performance (Lee & Park, 2007; Putman, 2017). The prom-
ise of ILSs has been hailed for decades. For example, 
Torgesen and Barker (1995) noted that a computer’s unique 
ability to rapidly administer consistent learning trials fit 
well within the developing understanding of the instruc-
tional needs of students with learning disabilities, and they 
identified emerging programming to fit this need. An earlier 
study by Torgesen and colleagues reported positive effects 
for varied approaches to computerized instruction for teach-
ing sight words (Torgesen et al., 1988). Later developers 
touted individualized, intensive instruction that is not con-
strained to one-to-one or small-group administration 
(Macaruso & Rodman, 2011; Putman, 2017). School-based 
ILSs often align content with the foundations of reading 
found through research to be critical to overall proficiency 
(National Governors Association Center for Best Practices 
& Council of Chief State School Officers, 2010; National 
Reading Panel, 2000).
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Traditional reading interventions typically require imple-
mentation in a small group or in a one-on-one faculty to 
student setting, limiting the number of students who can 
receive intensive instruction and the overall efficiency and 
fidelity of administration (Scanlon et al., 2016). Imple-
mentation of such interventions must be feasible for trained 
interventionists to conduct and accessible to the majority of 
the students in need for there to be a meaningful distributed 
effect. Due to the persistently high level of reading deficits 
observed across students educated within the national pub-
lic school system (National Center for Educational 
Statistics, 2019), it is economically essential that such inter-
ventions not be solely conducted by highly trained special-
ists, particularly in underresourced areas, where human 
capital may be scarce and there may be a high turnover of 
staff. Current literature suggests there is a paucity of 
research examining the utilization of available technology 
as a resource to deliver intervention so as to compensate for 
these logistical challenges.

ILSs Nested Within a Tiered Framework. ILSs have been con-
ceptualized as a primary or supplemental means of deliver-
ing instruction across levels of student need (Cheung & 
Slavin, 2013; McDermott & Gormley, 2015). Commonly, 
within the nomenclature of response to intervention (RTI), 
the general educational environment—what all students 
receive—is referred to as Tier 1 instruction, whereas inten-
sified instruction that a minority of students at-risk receive 
in addition to Tier 1 is considered Tier 2 (Fuchs et al., 2003). 
Presently, we describe ILSs as a mechanism for the delivery 
of Tier 2 supports (Torgesen & Barker, 1995). Importantly, 
one of the fundamental assumptions of RTI is that the inter-
vention being applied has a preponderance of evidence 
attesting to its effectiveness (Fuchs et al., 2003; Individuals 
with Disabilities Education Improvement Act, 2004). The 
rapid adoption of ILSs within an RTI framework creates a 
demand for such empirical research, and we distinguish this 
use of ILSs from prior research, which positioned it as a 
supplement to teacher-driven in-person instruction (e.g., 
Torgesen et al., 2010).

Instruction in Rural Settings

A particular appeal of ILSs is that they may offer cost-effi-
cient, standardized, and standards-aligned instruction in 
geographical areas where such support is otherwise particu-
lary difficult to provide. Rural educational systems often 
must work with tight budgetary restrictions that limit hiring. 
They must be responsive to the needs of students whose 
families often come from poverty, such as the need for high-
quality evidence-based reading instruction and intervention. 
A given rural system often must service a geographically  
wide community, making it difficult for specialists to access 
students. ILSs offer a partial solution to these challenges. 

Such programs, although expensive when coupled with the 
necessary hardware (e.g., computer; hotspot), are cost-effi-
cient per student relative to the resources needed to pur-
chase traditional intervention curricula/materials and train 
and support dedicated intervention staff, who also may 
turnover at a high rate. Such programs also may be accessed 
from the student’s home, provided basic hardware and con-
nectivity needs are met.

It also is often the case that students who identify as 
American Indian—a historically underserved demographic 
that constituted a large portion of our present sample—live 
within rural communities. Prior research has identified 
American Indian students as underperforming, on average, 
in basic academic domains relative to majority/privileged 
groups in the United States, as well as having fewer techno-
logical resources at home to access information (Freeman 
& Fox, 2005). Additional research, although sparse, sug-
gests this underperformance can be explained primarily by 
higher mean levels of poverty within this group, and in rural 
communities generally (Hibel et al., 2008).

Lexia and iStation. Two examples of contemporary ILSs are 
Lexia (Lexia Learning, 2019) and iStation (iStation, 2019). 
Both programs are cloud-based, individualize literacy 
instruction based on initial and ongoing student perfor-
mance, and align activities around the five pillars of reading 
and the Common Core state standards (National Governors 
Association Center for Best Practices & Council of Chief 
State School Officers, 2010; National Reading Panel, 2000). 
Furthermore, both programs weave in supplemental scripted 
teacher-guided lessons for students non-responsive to spe-
cific modules, referred to as a blended model of delivery 
(Schechter et al., 2015). Recommended time on interven-
tion ranges from 20 to 90 min per week, differing by vendor 
and the student’s initial and ongoing performance (iStation, 
2019; Lexia Learning, 2019).

There is promising, but limited, evidence for the effec-
tiveness of either program. In a set of initial studies, 
Macaruso and Rodman (2011) found that use of Lexia 
approximately 15 min a day, 3 times a week from beginning 
to end of the school year, resulted in significant average 
improvement on standardized reading assessments com-
pared with a no-treatment control group for a small heterog-
enous group of preschool and kindergarten students. The 
control and experimental groups included students in Tier 1 
class-wide instruction, with students in the experimental 
group receiving Lexia as a supplement. The effect was pro-
nounced for initially low-performing students. A similar 
study found comparable results for students in first and sec-
ond grades (Schechter et al., 2015). Like Macaruso and 
Rodman (2011), Lexia was offered as a supplement, with 
the control group receiving business-as-usual (BAU) Tier 1 
instruction. A third study, O’Callaghan et al. (2016), exam-
ined the effects of Lexia on a larger group of Irish students 
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identified as at-risk of reading, with intervention applied daily 
over the course of 2 months. Again, the control group received 
only Tier 1 instruction. Again, results favored the use of Lexia, 
with effects in the small range. Of these three studies, only the 
second mentioned the use of a blended model.

Less research appears to exist regarding iStation. One 
quasi-experimental study, Putman (2017), compared gen-
eral education kindergarten students receiving the program 
in addition to Tier 1 instruction against a matched contrast 
who received only Tier 1 instruction. Students participating 
in iStation outperformed contrast students on a standardized 
measure of reading. Blended learning as a response to indi-
vidual performance on iStation was not mentioned. Taken 
together, this body of research suggests further research is 
warranted. Limited research exists on the effectiveness of 
ILSs for students at-risk and students in rural areas, com-
pared with traditional in-person Tier 2 intervention, and 
with the programs’ blended model implemented.

Instructional Time

Skinner et al. (1996), Skinner (2008), and Poncy et al. 
(2015) discussed how studies of comparative intervention 
effectiveness can be misleading unless they account for 
implementation time (IT) expended in intervention. This is 
a pertinent consideration in light of the authors’ observation 
that the primary instructional objective of intervention is to 
accelerate learning rates beyond that which occurs as a 
result of core instruction. Simply, two interventions may be 
of comparable effectiveness, but if one takes longer to 
implement, then parsimony would dictate the simpler inter-
vention of shorter duration is superior, which allows for 
more time in core instruction. This lens on intervention 
superiority—examining intervention effects in light of the 
required time needed to implement them—is applicable to 
the comparative study of ILSs, as they require varying 
amounts of time to implement with fidelity and may use a 
blended delivery model. This may result in meaningful dif-
ferences in the minimum IT required to implement the 
interventions with fidelity, even if outcome effects are simi-
lar, and this should be taken into account so as to maximize 
the validity of experimental results.

Purpose of the Current Study

Current research suggests that commercialized ILSs are 
underresearched. This is problematic given their wide-
spread use. Furthermore, little research to our knowledge 
has directly compared ILSs within an experimental frame-
work, and none within the lens of IT, that is, learning rates. 
In addition, the current study also took place in a highly 
rural location. Therefore, the purpose of the current study 
was to assess the effectiveness and efficiency of two ILSs, 

iStation and Lexia, when compared against traditional BAU 
Tier 2 supports. Our research questions were:

•• Research Question 1 (RQ1): Does the implementa-
tion of Lexia and/or iStation—including the blended 
model supplements—for students identified as at-
risk for reading deficits result in gains in literacy 
beyond that observed in a BAU condition?

•• Research Question 2 (RQ2): Which of the two pro-
grams result in the greatest gains in literacy when IT 
is considered (i.e., efficiency)?

Given the lack of research in this area, we made no direc-
tional hypotheses.

Method

Design

This study employed two concurrent 2 × 2 experimental 
factorial designs (Shadish et al., 2001) where the first inde-
pendent variable was condition assignment and the second 
was time of data collection, that being either the pretest or 
posttest. One of the ILSs was randomly assigned to each 
school, with one school hosting iStation (Study 1) and the 
other Lexia (Study 2). Within those schools, eligible stu-
dents were individually randomly assigned to either a BAU 
condition or the assigned intervention condition for that 
school. Pretest assessments took place in September of 
2018, with both intervention conditions commencing 
immediately thereafter and continuing until posttest, which 
was in April 2019. An a priori power analysis was con-
ducted to guide sample size based on an anticipated effect 
of .25, power of .80, and an anticipated .50 correlation 
between pre- and post-test data. The resulting anticipated 
sample size was 34 students within each school.

Participants and Setting

The two participating sites were both mid-western rural 
public elementary schools in neighboring districts, the 
first serving Grades 1 through 5 and the second serving 
Grades 1 through 4. The participating schools had popu-
lations between 200 and 300 students and were indexed 
as low performing by the state. The demographics of stu-
dents in the first school, where the experimental group 
received iStation, was 54% American Indian, 2% 
Hispanic, 40% Caucasian, and 4% other/multiracial. 
Fifty-two percent of students were male, and 69% of stu-
dents received free or reduced-price lunch (FRL). Chi-
square tests yielded no significant difference in FRL rate, 
χ2 = 1.78, p = .18, or gender, χ2 =.083, p = .77, between 
the experimental and control groups.
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Participants in the second school, where students in the 
experimental condition received Lexia, had a similar com-
position. Forty-eight percent were male, 25% were 
American Indian, 2% African American, 69% Caucasian, 
and 4% other/multiethnic. Sixty-one percent received 
FRL. No significance difference was observed between 
groups on gender, χ2 = 0.00, p = 1.00, but a significant 
difference was observed for FRL, χ2 = 4.76, p = .03. 
Specifically, there were 11 students who received FRL in 
the BAU and 17 in the Lexia condition. Last, student char-
acteristics were similar across the overall samples com-
prising the two independent studies: FRL rate, χ2 = .55,  
p = .46, gender, χ2 = .04, p = .83.

In each school, 24 students were randomly assigned to 
the school’s respective experimental condition (i.e., Lexia 
or iStation) and 24 to the BAU condition. Students eligible 
for study inclusion were initially identified as at-risk via 
the school’s respective fall literacy screening. One school 
used DIBELS (University of Oregon, 2018) and the other 
STAR (Renaissance Learning, 2015) to conduct such 
screenings. In the first school, 17, 13, 12, and 5 students 
were found eligible from first, second, third, and fourth 
grade, respectively, and in the second, 20, 11, 10, and 7 
students were identified from these associated grades. 
Researchers independently verified that each student was 
at risk when collecting pretest data by confirming their 
performance was below the 25th percentile across pretest 
measures.

Dependent Variables

Woodcock–Johnson IV. Included students were adminis-
tered select subtests of the Woodcock–Johnson IV Tests 
of Achievement (WJ IV; Schrank, McGrew,  Mather, & 
Woodcock, 2014). The following clusters were used as 
outcomes: Broad Reading, Basic Reading, and Reading 
Fluency. The Broad Reading cluster includes the Letter-
Word Identification, Passage Comprehension, and Sen-
tence Reading Fluency subtests. The Basic Reading 
cluster includes the Letter-Word Identification and Word 
Attack subtests. Finally, the Reading Fluency cluster 
includes the Oral Reading and Sentence Reading Fluency 
subtests. The WJ is a long-standing and popular broad-
band measure of academic achievement for students 
across the age span. The WJ has strong reliability, with 
reported internal consistency and test–retest coefficients 
above .80. The WJ also has demonstrated validity for the 
purposes of indexing student proficiency across curricu-
lums. Norm-referenced scores are based on a large sam-
ple of students stratified across numerous demographic 
variables (Schrank et al., 2014). Three parallel versions 
of the WJ (A, B, and C) are available. In the current study, 
all versions were used, randomly selected for a given 
administration.

Fastbridge curriculum-based measurement. The Fastbridge 
(FastBridge Learning, LLC, 2015) family of curriculum-
based measurement (CBMs) includes an array of traditional 
CBMs and computer-adaptive tests. These tests are reported 
to be reliable and valid for the purposes of screening and 
progress-monitoring (National Center for Intensive Inter-
vention, 2019). The readingCBM test, a traditional paper-
based oral reading fluency measure, and COMPefficiency, a 
computer-adaptive measure of reading comprehension, 
were administered. ReadingCBM has been found valid 
when used with a large minority demographic in our sam-
ple, American Indian youth (Pearce & Gayle, 2009). read-
ingCBM is scored as orally read words identified correctly 
per minute, which is a well-researched index of student 
reading ability. COMPeffeciancy is graded as a percentage 
accuracy score. For the current study, readingCBM scores 
were converted to z-scores within grade and then pooled, as 
students in different grades likely began intervention at dif-
ferent performance levels and grew at different rates. Dif-
ference scores from pretest to posttest were examined.

On-task behavior. To assess whether observed differences 
among conditions could be attributed to the level of atten-
tion to instruction, class-wide direct observation of engage-
ment was conducted using an adapted version of the 
Behavioral Observation of Students in Schools (Shapiro, 
2011). This instrument is used to engage in a simultaneous 
recording of on-task and off-task behavior, where off-task 
behavior is further delineated into verbal, motor, and pas-
sive elements (see Shapiro, 2011, for operational defini-
tions). Students within a given class were individually 
observed in a randomly sequenced rotating fashion using a 
15-s momentary time-sampling schedule over the course of 
a 30-min observation. As outlined by Shapiro (2011), on-
task behavior was recorded using momentary time-sam-
pling, and the off-task behaviors were coded using partial 
interval recording. One observation was completed each 
month for each condition by an independent observer.

Independent Variable

iStation. iStation (2019) is a suite of interactive assessment 
and intervention modules that individual students engage 
using either a tablet or computer, and which is designed for 
pre-kindergarten through eighth grade. Each student worked 
one-on-one with a tablet and used headphones so as not to 
distract peers. Each student had an individual login and 
password to access their personalized iStation program. 
The teacher provided occasional assistance when students 
engaged in the primary program, and she redirected stu-
dents if they appeared off-task.

iStation initially begins with a broadband preassess-
ment of reader skills. An adaptive course of cycled instruc-
tion is then administered, moving across foundations and 



18 The Journal of Special Education 56(1)

interactive activities both within and across lessons. This 
content is explicitly designed around the five pillars of 
reading: phonemic awareness, alphabetic knowledge, flu-
ency, vocabulary, and reading comprehension, also in con-
sideration of the Common Core State Standards (National 
Governors Association Center for Best Practices & 
Council of Chief State School Officers, 2010). Formative 
assessment is embedded in day-to-day instruction. If, after 
repeated trials, a student does not reach threshold on a 
given skill, iStation recommends and provides print-out 
lessons for teachers to run individually with students. All 
recommendations for these supplementary lessons were 
followed in the current study. IStation’s assessment com-
ponent, the Indicators of Progress, identifies baseline 
starting points for instruction, tracks student data, and pro-
vides overviews of student growth.

There was one primary interventionist who oversaw the 
grade-level groups of students who received iStation. This 
interventionist, who served as support staff at the school, as 
well as members of the research team, went through pro-
fessional development conducted by an iStation represen-
tative on-site. This included sharing and review of an 
implementation checklist to guide the use of the program. 
Students engaged in iStation up to 90 min a week, based on 
recommendations from the vendor, distributed across the 
school week (see Note 1). Students did not make up missed 
sessions due to student absence, scheduled holidays, or 
school breaks. The implementing teacher then delivered 
supplemental lessons to nonresponsive students, as identi-
fied by the program, in the afternoon, which took approxi-
mately eight additional hours per week to implement, or 
25–30 min per small group. Approximately 10–12 students 
from the intervention group required supplemental lessons 
each day.

Lexia. Lexia shares several structural components with iSta-
tion. This includes a preassessment that places students at 
an appropriate level, formative adaptive testing, and exten-
sion exercises for nonresponsive students. Lexia organizes 
instruction around six thematic strands: phonological 
awareness, phonics, structural analysis, fluency, vocabu-
lary, and comprehension, which increase in difficulty across 
18 leveled sets of activities (Macaruso et al., 2019; Schech-
ter et al., 2015). Lexia offers recommendations for extended 
time on the program, follow-up activities, and generates 
class and student progress reports.

Two groups of students (first/second and third/fourth) 
engaged in Lexia in their computer lab for a total of 60 to 80 
min of school time across the 5 days of the school’s week. 
As with iStation, students did not make up missed sessions. 
Like iStation, students engaged Lexia one student to one 
tablet, wearing headphones, and using unique login and 
passwords to sign into the program. Supplemental recom-
mend lessons were completed within the designated time 

reserved for intervention, which was a 45-min instructional 
block. A reading specialist at the school was trained by a 
Lexia representative and ran all groups, with support from 
the researchers, who also participated in the training. Like 
with iStation, an implementation plan was shared by the 
vendor, which anchored the training. The participating 
teacher reported that approximately half of the group 
required supplemental lessons on average each day.

Business-as-usual. The BAU condition consisted of the 
schools’ typical pull-out small group remedial services for 
students flagged as at-risk in the fall. This included a mix of 
sight word instruction, explicit phonics, and reading flu-
ency training prepared in consultation with researchers and 
which were not drawn from any particular curriculum. 
These activities were structurally similar across the two 
participating schools. Chosen activities were based on skill 
deficits as identified by the school’s CBM assessment. The 
interventionists had one or multiple assistants, including 
support from Americorps volunteers. The primary interven-
tionists for Study 1 were the classroom teachers. The pri-
mary interventionist for Study 2 led both Lexia and the 
BAU. Time spent in BAU ranged from 20 to 40 min per day 
and occurred every day of the school week.

Fidelity of administration. Both iStation and Lexia passively 
calculate time spent on intervention per week. For both 
iStation and Lexia, 100% of participating students met the 
criteria for fidelity of usage each week. Fidelity of supple-
mental activities was reviewed via analysis of permanent 
products. This analysis suggested 100% of supplemental 
activities across iStation and Lexia were completed as 
intended. As reported above, the interventionists and mem-
bers of the research team who provided on-site support also 
reviewed implementation checklists for both programs. 
These were used to guide daily implementation, and all par-
ticipating staff/researchers went through half to full day in-
person trainings with the vendors.

Analysis. We first compared how each experimental group 
compared with their matched in-school BAU group across 
time and condition. Therefore, three sets of effects were 
reviewed: the main effects for time and condition and the 
interaction. Because each outcome variable was restricted 
to certain grade levels, and therefore could not be measured 
for every student involved, analysis of variance (ANOVA) 
was chosen over multivariate analysis of variance 
(MANOVA) due to the issues with listwise deletion this 
would introduce.

Second, we examined time spent in intervention so as to 
better understand the relative efficiency of each of the inter-
vention conditions (Poncy et al., 2015; Skinner et al., 1996). 
In doing so, we considered (a) the overall school time allo-
cated per intervention session, (b) this allocated time 
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divided by the number of participating students, and (c) 
required overspill time needed to implement the programs 
with fidelity, which included the supplemental lessons (in 
the case of the ILSs) and which was summed across days of 
intervention.

Results

Descriptives for all outcomes and groups across pretest and 
posttest are shown in Table 1. Figure 1 reports differences in 
two major outcomes, ReadingCBM and the largest WJ clus-
ter, WJ Broad Reading. All outcome data fulfilled tradi-
tional statistical assumptions required for ANOVA.

On-Task Behavior

On-task behavior was comparable across conditions. 
Averaged across the six observations, median iStation on-
task behavior was 91%, minimum = 72%, maximum = 
96%, and for Lexia the median was 94%, minimum = 83%, 
maximum = 97%. The median on-task behavior of the iSta-
tion’s contrasting BAU was 71%, minimum = 61%, maxi-
mum = 77%, and for Lexia’s BAU contrast, the median 

Table 1. Descriptives Across Outcome Metrics.

Pre-test Post-test
Average 

differenceOutcome n M (SD) Skew n M (SD) Skew

Control (School 1)
 WJ Broad Reading 23 77.88 (13.51) −1.10 23 82.23 (13.50) −1.82 4.35
 WJ Basic Reading 24 83.58 (14.70) −1.23 24 87.65 (14.38) −1.68 4.07
 WJ Reading Fluency 19 78.95 (11.23) −0.52 22 83.14 (14.03) −1.81 4.19
 R-CBM 24 35.92 (34.76) 0.87 24 55.91 (40.03) 0.53 19.99
 COMPeff 16 0.60 (0.17) 0.76 15 0.66 (0.18) −0.22 0.06
Control (School 2)
 WJ Broad Reading 24 76.96 (11.60) −0.06 23 79.91 (12.76) 0.10 2.95
 WJ Basic Reading 24 85.92 (13.54) −0.99 23 87.87 (15.36) −0.68 1.95
 WJ Reading Fluency 20 74.10 (12.17) 0.30 19 80.79 (13.78) 0.12 6.69
 R-CBM 24 35.13 (35.98) 0.96 23 73.48 (39.10) 0.29 38.35
 COMPeff 14 0.63 (0.15) 0.28 14 0.64 (0.18) 0.68 0.01
iStation (School 1)
 WJ Broad Reading 24 75.17 (8.80) 0.29 22 81.00 (9.76) 0.07 4.83
 WJ Basic Reading 24 83.63 (7.45) 0.11 22 86.36 (10.07) 0.16 2.73
 WJ Reading Fluency 22 72.86 (8.69) 0.82 22 81.32 (11.00) −0.46 8.46
 R-CBM 24 28.58 (26.32) 1.05 22 49.95 (26.80) 0.24 21.37
 COMPeff 15 0.52 (0.13) 1.17 14 0.59 (0.19) 0.65 0.07
Lexia (School 2)
 WJ Broad Reading 24 78.83 (12.09) −0.79 23 83.43 (10.36) −0.53 4.60
 WJ Basic Reading 24 86.67 (12.30) −1.38 23 90.26 (9.43) −0.10 3.59
 WJ Reading Fluency 22 79.23 (13.19) −0.81 23 82.35 (11.68) −0.60 3.12
 R-CBM 24 44.08 (40.24) 0.46 23 74.61 (37.76) 0.27 30.53
 COMPeff 14 0.71 (0.18) −0.73 12 0.73 (0.15) −0.57 0.02

Note. COMPeff = Fastbridge comprehension efficiency; R-CBM = reading curriculum-based measurement; WJ = Woodcock–Johnson.

on-task behavior was 89%, minimum = 82%, maximum = 
95%. All other recorded behaviors had median frequency 
rates below 10%, with the exception of verbal off-task 
behavior for the iStation BAU contrast, median = 16.50%, 
minimum 6%, maximum = 20%.

Examination of Outcomes

Study 1. Results are reported for each of the within-school 
studies (see Table 2). For the first study, iStation versus 
BAU, students grew at a moderate and significant level on 
the WJ Broad Reading, t = 22.42, p < .01, d = .33, and 
Fluency, t = 28.66, p < .01, d = .57, clusters. A small main 
effect for group was also observed, t = 8.82, p = .01, d = 
.13, for the WJ Reading Fluency cluster, favoring iStation, 
and no interactions were observed.

Study 2. Results of the Lexia study were similar. Students 
grew at a moderate and significant level in both conditions 
on all WJ clusters: Broad, t = 12.88, p < .01, d = .31; 
Basic, t = 11.94, p < .01, d = .22; and Fluency, t = 17.29, 
p < .01, d = .38. There were neither main effects for group 
nor interactions.



20 The Journal of Special Education 56(1)

Analysis of Instructional Efficiency

We investigated time spent in intervention descriptively 
across conditions as a means to make further inferences 
regarding student performance in various conditions. This 
analysis is summarized in Table 3. It can be seen that the 
BAU groups, overall, required the most amount of time to 
implement, with an average range of 333.86 to 469.33 min 
of IT expended per student. This was expected because 
instruction was done in small groups of four to seven 
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Figure 1. Descriptive differences on two study outcomes, readingCBM and WJ broad reading.
Note. BAU = business-as-usual; CBM = curriculum-based measurement; WJ = Woodcock–Johnson.

Table 2. Results of the Factorial ANOVAs Within School Conditions.

School 1 (iStation) School 2 (Lexia)

Outcome t df p t df p

WJ Broad
 Time 22.42 1 <.01 12.88 1 <.01
 Group 0.67 1 .42 0.64 1 .43
 Time × Group 0.21 1 .65 0.61 1 .44
WJ Basic
 Time 0.55 1 .46 11.94 1 <.01
 Group 0.01 1 .94 0.18 1 .68
 Time × Group 0.55 1 .46 0.80 1 .38
WJ Fluency
 Time 28.66 1 <.01 17.29 1 <.01
 Group 8.82 1 .01 1.16 1 .29
 Time × Group 0.01 1 .93 0.15 1 .70
R-CBM
 Group 0.22 43 .83 0.76 44 .45
Compeff
 Time 4.37 1 .05 0.32 1 .58
 Group 2.13 1 .16 1.79 1 .19
 Time × Group 0.92 1 .92 0.17 1 .69

Note. ANOVA= analysis of variance; R-CBM = reading curriculum-based measurement; WJ = Woodcock–Johnson.
aSignificant after family-wise error correction across outcome families (Benjamini–Hochberg procedure; Benjamini & Hochberg, 1995).

students, thus requiring significant allocated time across the 
school day for all students across all grades.

Regarding the two computer-based intervention, Lexia 
required less than half the amount of time to implement 
with fidelity relative to iStation, 155.01 average minutes of 
IT versus 414.30 average minutes of IT, and also required 
less time to implement than the BAU, when considering 
allocated time divided by the number of participating stu-
dents. This was primarily due to the reported time required 
to implement iStation’s supplemental lessons with fidelity 
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beyond the designated allocated time for the computer-
based intervention. Lexia’s supplemental lessons, in con-
trast, were recommended by the program with less 
frequency, as reported by the implementor, and required 
less time to organize and implement, as documented by 
study records and teacher report. That is, differences in IT 
occurred primarily as a result of implementation of the 
blended model.

Discussion

The purpose of the current study was to examine the effec-
tiveness of two ILSs relative to traditional remedial instruc-
tion for students identified as at-risk in literacy. Given the 
widespread use of ILSs, the paucity of research on contem-
porary programs is concerning. Existing research generally 
focuses on the use of ILSs as a Tier 1 supplement, compared 
with Tier 1 instruction. In contrast, the current study situ-
ated ILSs as a primary intervention for students identified 
as at-risk, in comparison with students receiving BAU Tier 
2 intervention. This study also occurred in a rural setting 
with students of a high poverty rate and of a unique demo-
graphic make-up relative to prior studies. Overall, results 
tell an interesting story that supports the use of ILSs in 
schools and highlights the importance of considering IT.

Summary of Outcomes

The two ILSs performed similarly to traditional pull-out 
intervention across both studies. One main effect was 
found favoring iStation, and no interactions were observed 
in either case. In a sense, this is reassuring. Technology is 
expensive (i.e., purchasing software and tablets), but likely 
less so than hiring, training, and maintaining additional 
faculty and staff. Underserved schools also have an ele-
vated risk of teacher turnover (Redding & Henry, 2018). 
For schools facing financial constraints, rural schools par-
ticularly so, ILSs hold promise for serving as a supplement 
or replacement to traditional Tier 2 intervention. Although 
unexplored in the current study, ILSs can also be accessed 
from home, and therefore might be particularly suitable for 
students with higher absence rates, who otherwise have 

difficulty getting to school, or when transitioning from in-
person to remote instruction. Effect sizes across conditions 
were moderate, suggesting practically meaningful levels of 
student growth occurred across conditions. Importantly, 
WJ cluster scores are age-adjusted, so the average partici-
pating student increased their proficiency relative to the 
appropriate norming group for the battery.

However, the two ILSs did present themselves with 
unique challenges. The programs required a stable and high-
speed internet connection. Due to instability of the rural net-
works, there were times intervention could not be 
implemented, whereas this did not affect the BAU groups. 
Granted, across the entire school year, these instances were 
relatively few. Students also had to be accustomed to work-
ing on a tablet with an external keyboard. There were several 
students who, as anecdotally reported, struggled initially 
simply because they were not familiar with the use of a 
QWERTY keyboard. For these students, this resulted in 
additional IT being expended through teaching the log-in 
process alone and may have reduced the validity of the pre-
assessments. This highlights the importance of the supervis-
ing teacher remaining vigilant during the administration of 
ILSs, which may not be appropriate for all students at-risk. 
It also is important to reiterate that this study examined the 
effects of blended models, unlike prior studies. Results 
should not be generalized to the circumstance of exclusively 
using Lexia or iStation’s computer-based interface, as the 
effect of one or the other component could not be isolated.

Instructional Efficiency

A unique contribution of this study was the analysis of IT 
(Skinner et al., 1996). One ideal quality of the two ILSs was 
that these data were passively generated. At any time, the 
experimenters could remotely call up the amount of time an 
individual, or group of students, spent on intervention, 
which we supplemented with estimates of on-task behavior. 
This was ideal for rural consultation, allowing for the 
remote monitoring of intervention performance and fidelity 
by the researchers. In practice, this would make analysis of 
implementation fidelity when determining RTI easier, given 
the difficulty of accessing these rural sites.

Table 3. Analysis of Instructional Efficiency.

Group
Cumulative minutes 

implementeda
Average cumulative 

minutes per studentb
Number of days 

implemented

iStation 9,939 414.13 88
iStation Matched Control 28,160 469.33 88
Lexia 4,410 155.01 99
Lexia Matched Control 19,090 333.86 99

aThis represents the recommended allocated time for intervention (Lexia = 45 min, iStation = 40 min) and additional time, documented by the teacher 
each day, required to implement supplemental intervention when recommended by the program (Xistation = 88.48 min; Lexia required no additional 
time). bThis represents cumulative minutes implemented, corrected for the number of participating students.
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The analysis of IT suggested that iStation and the BAU, 
surprisingly, took comparable amounts of time to imple-
ment. Although Lexia and iStation offer slightly different 
recommendations for minimum IT, the vast majority of this 
difference was accounted for by the use of supplemental 
activities. The implementing iStation teacher expressed con-
cern over being able to implement the fully blended model 
with fidelity and reported that, in addition to the time needed 
to run the in-person lessons, preparation for the lessons took 
a significant amount of time, which was not considered in 
our estimates. The Lexia interventionist expressed no such 
concerns and stated that when supplemental lessons were 
produced, they were able to be prepared and completed 
within the designated time for intervention. Importantly, this 
is the verbal report of only one interventionist from each 
condition. Furthermore, the Lexia teacher had additional 
instruction/intervention training and credentials relative to 
the iStation teacher, although researchers did support prepa-
ration/implementation in both conditions.

This analysis does not consider the ratio of students to 
teachers. Although iStation and the BAU took similar 
amounts of time to implement, the ratio of teachers to stu-
dents still favored iStation. That is, while the BAU was con-
strained to the small-group scenario, the practical cap for 
both ILSs is higher. We refrained from factoring this into 
our analysis so that our estimates remained unambiguous 
and based on easily understood data.

Limitations and Future Directions

The results of this study should be considered in light of 
several limitations. First, even though power analysis sup-
ported the overall size of our sample, our sample within 
grades was smaller. Thus, we could not consider differen-
tiated effects across grades. This was an unfortunate 
necessity. Available schools were small and widely spread 
apart, as is the nature of rural education. Relatedly, staff 
resources in these schools were limited, and it is for this 
reason one intervention condition was facilitated by a 
reading specialist and the other by a school support staff 
member. This differential in professional training may 
have affected results, although research staff were trained 
by both vendors, monitored activities in both conditions, 
and assisted when needed. Another limitation was that we 
calculated IT for the BAU based on the designated time, 
not actual time, spent in intervention. In contrast, our IT 
data for the two experimental conditions were based on 
precise report generated by the programs themselves, in 
addition to the supplemental time reported to us by the 
interventionist in delivering the blended activities. Next, 
this study reported on short-term gains. However, it is pos-
sible long-term results are different. Finally, it is critical to 
stress that the ILSs performed reasonably well against 
BAU conditions that were not precisely scripted or that 

relied on a guiding curriculum. Scripted in-person pro-
grams are likely to have a stronger effect and may outper-
form the examined ILSs. This important question requires 
additional research.

Implications

This study has direct implications for schools considering 
the nature of their Tier 2 support services. Our findings con-
verge with prior research (e.g., Cheung & Slavin, 2013; 
Torgesen et al., 2010) to suggest that well-designed, com-
prehensive, and theoretically grounded ILSs may perform 
similarly to a common approach to Tier 2 remedial literacy 
intervention implemented individually or in small groups. 
However, this recommendation assumes (a) a blended 
model of delivery, (b) a 1:1 student: tablet ratio, and (c) 
appropriate vendor-supplied training. Further research is 
needed, including a parceling of results for individual 
grades, for students who enter intervention with varying 
levels of initial performance and who experience virtual or 
blended delivery, in varying environments (e.g., in school 
vs. partially or fully remote) and contrasted against more 
intensive in-person intervention approaches. We therefore 
refrain from recommending one or the other ILS, but believe 
there is evidence for the effectiveness of these programs 
when used at Tier 2, provided a specific set of implementa-
tion conditions.
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