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ABSTRACT
COVID-19 contributed to the largest student performance decline in
mathematics since 1990. The nation needs cost-effective mathematic
interventions to address this drop and improve students’ mathemat-
ics performance. This study presents a cost-effectiveness analysis
(CEA) of three algebraic technological applications, across four condi-
tions: From Here to There (FH2T), Dragon Box 12þ (DragonBox),
Immediate Feedback and Active Control. This CEA study uses impact
measures from a student-level randomized control trial comparing
student learning from the three treatment conditions to the Active
Control condition with an analytic sample of 1,850 middle school
students across 9 schools, 34 teachers, and 127 classes. The results
from the CEA indicate FH2T costs $39 per student and produces an
average effect of 0.135 on algebraic achievement resulting in a cost-
effectiveness ratio of $291. DragonBox costs $55 per student and
produces an average effect of 0.269 on algebraic achievement result-
ing in a cost-effectiveness ratio of $206. Overall, the current CEA
study demonstrates the efficiency of FH2T and DragonBox as low-
cost interventions for improving students’ algebraic performance
and addressing the nation’s decline in mathematics.
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Performance in mathematics dropped substantially in the United States during COVID-19.
But even before COVID-19, U.S. students underperformed in math compared to students
in other countries (e.g., Provasnik et al., 2016; Schleicher, 2018), and many middle and high
school students struggled to understand basic algebraic concepts (Kena et al., 2015; Kieran,
2006). This underperformance is particularly concerning because algebra is a critical founda-
tion for learning advanced mathematics (National Mathematics Advisory Panel [NMAP],
2008). To efficiently address this drop and underperformance in mathematics, decision-
makers need information on the cost-effectiveness of algebraic interventions.
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Therefore, this current study reports on the cost-effectiveness of three educational
technology interventions on algebraic understanding among seventh graders across four
conditions: (a) From Here to There (FH2T), (b) DragonBox 12þ (DragonBox), (c)
Immediate Feedback, and (d) Active Control. The FH2T and DragonBox conditions
represent the use of game-based applications. Immediate Feedback entails problem sets
using an online homework system, ASSISTments. The Active Control condition mimics
traditional homework assignments while still using technology. With the promise of
such technological interventions to improve algebraic understanding, it is important to
identify which may be the most cost-effectiveness. As one of the few cost-effectiveness
studies of algebraic technological applications using impact estimates from a rigorous
large-scale randomized controlled trial study, the article contributes to the literature
about the efficiency of incorporating game-based technologies into instruction and is
crucial for decision-makers aiming to increase the productivity of algebraic interventions
to address learning loss stemming from disruptions of the COVID-19 pandemic.

Background

COVID-19 contributed to the largest student performance decline in mathematics in
the United States since 1990 (NCES – NAEP, 2022). According to the latest results from
the NAEP, also known as The Nation’s Report Card, released by the U.S. Department
of Education’s NCES, the national average declines in mathematics scores for fourth-
and eighth-graders were the largest ever recorded in that subject. Specifically, “The
average eighth-grade mathematics score decreased by 8 points compared to 2019 and
was lower than all previous assessment years going back to 2003.” (NCES – NAEP,
2022). The release of 2022 NAEP scores was followed by calls to identify and implement
effective interventions in mathematics (and English Language Arts) to accelerate
learning and address gaps in student achievement exacerbated by COVID-19 (e.g.
Schneider, 2022).

Even before the large drop in student performance associated with COVID-19, there
was cause for concern with U.S. students’ performance in mathematics. In particular,
many middle and high school students fail to understand basic algebraic principles,
such as which transformations are legal and appropriate (Marquis, 1998; National
Mathematics Advisory Panel [NMAP], 2008), and how to convert between formal
symbolic expressions and other representations (Koedinger & Nathan, 2004). These
notational struggles make it almost impossible to understand advanced concepts, which
often assume an understanding of algebraic notation. Given the implications on
students’ performance, college graduation rates, and employment earnings (National
Mathematics Advisory Panel [NMAP], 2008), the National Mathematics Advisory Panel
[NMAP] (2008) highlighted algebra as an area of special concern.

While technology-based drill-and-practice and tutorials have been a common
approach to supplemental instruction in algebra (National Mathematics Advisory Panel
[NMAP], 2008), game-based applications that support algebraic instruction by teaching
math through discovery-based puzzles may be more effective (Chan et al., 2022; Ottmar
et al., 2012, 2015; Ottmar & Landy, 2017). Based on this research and prior evidence of
game-based applications, a large-scale randomized control trial (RCT) was conducted to

2 M. FINSTER ET AL.



evaluate the effectiveness of three educational technology interventions on algrebraic
understanding among seventh-graders, across four conditions: (a) From Here to There
(FH2T), (b) Dragon Box 12þ (hereafter, DragonBox), (c) Immediate Feedback, and
(d) Active Control (Decker-Woodrow et al., 2023).

However, relying solely on research about interventions’ impacts without accounting
for costs essentially promotes interventions with the largest effects irrespective of resour-
ces (see Levin et al., 1987). Hence, education researchers have argued that one must
evaluate both the costs and the effects when considering educational interventions (e.g.,
Harris, 2009; Levin, 2001; Levin & Belfield, 2015; Levin & McEwan, 2001). Information
about the costs and effects of an education intervention can assist decision-makers in
assessing the productivity of interventions. That is, whether implementing a new inter-
vention or other approaches may yield better results given the costs. And, when inter-
ventions are assessed on similar outcomes, they can be compared on their rates of
efficiency (e.g., Yeh, 2010a), which provides decision-makers with information about the
cost-effectiveness of a range of alternatives in achieving similar aims. By selecting more
cost-effective or efficient interventions, education decision-makers could improve the
productivity of education.

The Need for CEA of Technology-Based Algebraic Interventions

Given limited resources, education decision-makers are always under pressure to accom-
plish more with the same or even fewer resources (Levin et al., 2018; Levin & Belfield,
2015). Hence, there is a constant need to identify and implement relatively more cost-
effective interventions to improve student performance. Also, given the substantial
amount of public funding in education in the United States–over one trillion dollars
(U.S. Government, 2012) –and the recent investment of the Coronavirus Aid, Relief,
and Economic Security Act that provided funding to local education agencies through
the Elementary and Secondary School Emergency Relief Fund to address the impact of
COVID-19 on elementary and secondary schools, one may expect considerable informa-
tion and scrutiny on how these resources can be used more efficiently. According to
Levin and Belfield (2015), Cost-effectiveness analysis (CEA)—an approach that identifies
which strategies will maximize outcomes for any given cost or produce a given outcome
for the lowest cost—is the most versatile tool for this task.

Despite the growing investigation into the cost-effectiveness and cost-benefit of edu-
cational interventions in the last decade (e.g., Hollands et al., 2014; 2016; Levin et al.,
2018; Yeh, 2010a, 2010b), there has been limited information about the cost-effective-
ness of specific education interventions to inform decision-makers when they are con-
sidering multiple alternatives. Recent federal efforts and funding have increased
emphasis on cost analysis, for example making it a requirement in NCER-funded
research in 2018 (Schneider, 2020), and spurring additional cost analysis projects and
resources, such as the Cost Analysis: A Starter Kit (Institute of Education Sciences,
Institute of Education Sciences, 2020), the Cost Analysis in Practice (CAP) project, the
Cost Analysis Standards Project Panel, and the corresponding report Standards for the
Economic Evaluation of Educational and Social Programs (Cost Analysis Standards
Project, 2021). State-level efforts have also worked to provide cost-benefit information

JOURNAL OF RESEARCH ON EDUCATIONAL EFFECTIVENESS 3



to policymakers. For example, the Washington State Institute of Public Policy (WSIPP)
conducts and catalogs cost-benefit analysis (CBA) results of K-12 education programs to
provide state policymakers with information that can lead to more efficient use of tax-
payer dollars.

Despite these federal and state efforts, there is still limited information about the
cost-effectiveness of specific educational interventions to inform decision-makers. And,
in particular, there is very limited information on the costs, and consequently the cost-
effectiveness, of technology-based approaches to supplement algebraic instruction. Early
related work focused on the CEA of computer-assisted instruction (e.g., Fletcher et al.,
1990; Keltner & Ross, 1996; Levin et al., 1987). While the specific cost findings are no
longer relevant due to obsolete technology, the frameworks and general recommenda-
tions are still applicable today. In one of the first studies to examine the cost-effective-
ness of computer-assisted instruction, Levin et al. (1987) provided estimates of the
cost-effectiveness of computer-assisted instruction and three other educational interven-
tions and concluded that the “most appropriate use of these results was to provide
guidelines for the consideration of alternative interventions for increasing mathematics
and reading achievement in elementary schools” (p.70). They concluded educators
should question unqualified assertions that computer-assisted instruction is a more
cost-effective intervention than other alternatives. This conclusion emphasizes the need
for rigorous CEA of interventions because the results may contradict popular beliefs—
among both researchers and policymakers—about which interventions should be
implemented based only on effectiveness.

Despite early calls for research on the CEA of computer-assisted or technology-based
interventions (Levin et al., 1987), there are few relatively recent studies that examine
the costs and effectiveness of such applications, particularly for algebra. In one of the
few cost analysis studies of algebraic (technological) curriculum, Daugherty et al.
(2012) examined the costs of Carnegie Learning’s Cognitive TutorVR Algebra I relative
to the other curricula in a randomized, controlled trial experiment in approximately
150 schools in seven states. Their analysis found the Cognitive TutorVR Algebra I cur-
riculum cost was $97 per student, compared with $28 per student for the other algebra
I curricula. Pane et al. (2014) reported on the effectiveness of Cognitive TutorVR

Algebra I from a large-scale RCT, reporting that Cognitive TutorVR Algebra I improved
the median student’s performance by approximately eight percentile points in the
second year of implementation. While Daugherty et al. (2012) found that Cognitive
TutorVR Algebra I was substantially more expensive than the comparative curriculum,
Pane et al. (2014) also demonstrated that Cognitive TutorVR Algebra I was more
effective. They concluded the cost must be weighed alongside the benefits, and educa-
tors should judge whether the positive effects are large enough to warrant the add-
itional cost.

A CEA would allow decision-makers to compare the efficiency of interventions based
on costs and effectiveness and determine which intervention yields a given level of
effectiveness for the lowest cost. However, to our knowledge, the costs and impact meas-
ures of Cognitive TutorVR Algebra I and the comparison curriculum were never reported
as cost-effectiveness ratios, which would have assisted decision-makers in determining
which interventions were more efficient.
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Besides the examples above, publishers’ fees are the basis of many of the reported
costs of technology-based approaches (e.g., What Works Clearinghouse [WWC]
Intervention Report, The Expert Mathematician; WWC Intervention Report Cognitive
TutorVR ). Since the estimates do not include the full opportunity costs of the interven-
tion, they likely underestimate the cost. A common critique of cost studies is that they
do not include the costs of all the ingredients (Levin et al., 2018). Identifying and then
valuing all of the resources or ingredients needed to implement the intervention using
the ingredients method (Levin et al., 2018) provides a more complete version of the
costs by accounting for the societal, district, and/or school costs to implement the
intervention.

The ingredients method (Levin et al., 2018) is based on two primary principles—
opportunity cost and cost accounting—and is the most widely recognized approach for
estimating the full economic cost of a well-defined intervention (Shand & Bowden,
2022). The ingredients method requires a detailed account of all resources or ingredients
required to implement an intervention to achieve a particular outcome in a specific set-
ting. That is, district and/or school facilities, personnel, and equipment that are used to
implement the intervention based on multiple data sources and/or methods, including
program documentation, budgets, observations, interviews, and surveys of those who
implemented an intervention (Levin et al., 2018). Fully accounting for the costs of the
intervention provides a more accurate picture of the efficiency of the intervention and
allows decision-makers to assess whether they have all the required ingredients to imple-
ment the intervention. We apply the ingredients method in this study to account for all
of the resources required to implement the interventions. Moving from the need to
assess the costs, in the next section, we discuss the effectiveness of algebraic techno-
logical applications.

Promising Approaches to Address Pandemic Learning Loss in Mathematics:
Effectiveness of Algebraic Technological Applications

Research in math education and cognitive science has provided evidence of several fac-
tors that could improve the effectiveness of instructional mathematic software, including
emphasizing conceptual understanding and algebraic structure (Knuth et al., 2005;
McNeil et al., 2015; Rittle-Johnson et al., 2015; Schneider et al., 2011; Schoenfeld, 2007)
and supporting symbolic reasoning as perceptual-motor learning (Catley & Novick,
2008; Goldstone et al., 2010; Jacob & Hochstein, 2008; Kellman et al., 2010; Kirshner &
Awtry, 2004; Landy & Goldstone, 2007; Patsenko & Altmann, 2010). This literature
indicates that students rely on the visual patterns available in notations to learn reason-
able patterns of mathematical behaviors taken upon symbolic objects. Based on this
finding, technological applications that utilize perceptual learning strategies and allow
students to physically interact with objects on the screen through dynamic motion and
play may provide a useful learning environment to explore mathematical ideas and alge-
braic structure and improve conceptual understanding.

Developers of algebraic technological applications have designed digital tools to
support learning in different ways to improve mathematical understanding and per-
formance among middle school students. One example is a game-based application
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that embeds the pushing symbols framework and teaches math through discovery-
based puzzles rather than procedural steps. The pushing symbols framework pro-
vides a concrete model of how to implement perceptual learning systems and core
cognitive theory into math instruction using technology (Ottmar et al., 2012).
Algebraic expressions are turned into interactive virtual objects that react according
to their underlying mathematical properties. Users can dynamically manipulate and
transform math expressions by directly dragging, tapping, slicing, sliding, and break-
ing apart parts of the equation on the screen. The goal is to make the user interface
as natural and intuitive as possible. This approach also incorporates perceptual train-
ing, embodied cognition, and game design elements to address many of the factors
that lead to low proficiency, including poor understanding of the equals sign (Knuth
et al., 2005, 2006) and failure to connect procedural knowledge, conceptual under-
standing, and real-world applications (Clement et al., 1981; Rittle-Johnson et al.,
2015; Schoenfeld, 2007).

Widely used technological applications, such as FH2T and DragonBox, are designed
to engage students in interactive game-based learning, allowing students to interact with
algebraic notations and solve puzzle-like problems in a playful environment. Other
applications, for example, ASSISTments, are designed to provide timely support and
feedback on homework, using problems that resemble those in traditional mathematics
textbooks. Below, we provide an overview of the conditions assessed in this CEA,
namely FH2T, DragonBox, Immediate Feedback, and Active Control, and evidence of
their effectiveness in improving mathematical learning.

From Here to There! (FH2T)
FH2T (https://graspablemath.com/projects/fh2t) is a game-based application that
embodies the approach above by incorporating a pushing symbols framework and
teaching math through discovery-based puzzles rather than procedural steps. Previous
studies suggest that the game-based FH2T system may be effective in decreasing struc-
tural errors and improving math understanding (Chan et al., 2022; Ottmar et al., 2012,
2015; Ottmar & Landy, 2017). In addition, past evidence suggests that game-based
dynamic systems like FH2T may help increase engagement, math efficacy, and interest
in learning algebra, and may serve as a buffer against the detrimental effects of math
anxiety on performance (Ottmar et al., 2012).

DragonBox
DragonBox (https://dragonbox.com/products/algebra-12) is another educational applica-
tion that aims to teach algebraic concepts to students in an “intuitive, interactive, and
efficient way.” The application incorporates a discovery puzzle-based approach,
embedded gestures, multiple representation integration, varying levels of challenge,
immediate feedback, and adaptability (Cayton-Hodges et al., 2015; Torres et al., 2016).
Despite its promising design features and popularity (for example, it won a Gold Medal
from the 2012 International Serious Play Awards, the Best Educational Game Award at
the 2012 Fun and Serious Game Festival.), the research findings on its efficacy are
mixed, with some research demonstrating significant gains in algebra problem

6 M. FINSTER ET AL.

https://graspablemath.com/projects/fh2t
https://dragonbox.com/products/algebra-12


performance (Dolonen & Kluge, 2015; Liu et al., 2015; Shapiro, 2013) and students’ atti-
tudes toward math (Siew et al., 2016), and other research finding no improvements in
problem-solving performance or student confidence (Long & Aleven, 2014, 2017), or
lower learning gains compared to students using problems from standard algebra
textbooks (Dolonen & Kluge, 2015). The mixed findings underscore Long and Aleven
(2017) conclusion that more rigorous studies are needed to test out-of-game transfer of
learning.

Immediate Feedback
Immediate Feedback entails problem sets using an online homework system,
ASSISTments (https://new.assistments.org/; Heffernan & Heffernan, 2014). ASSISTments
is a free, online tutoring system that offers immediate feedback to as they solve trad-
itional textbook problems, and is currently being used by 50,000 students worldwide. In
contracts to the two applications above, it does not include elements of game-based
learning. The design of ASSISTments is based on the research that indicates when
instruction is adjusted based on formative assessment and students are provided timely
feedback, they show significant performance improvement (Bergan et al., 1991; Butler &
Woodward, 2018; Shute, 2008; Speece et al., 2003). And, additional research underscores
the importance of timely feedback being immediate (Azevedo & Bernard, 1995; Corbett
& Anderson, 2001; Dihoff et al., 2003). Based on this research, ASSISTments is designed
to provide students with immediate feedback and on-demand hints as scaffolds during
problem-solving. Murphy et al. (2020) conducted an RCT and found that students in
schools assigned to use ASSISTments learned more and the impact was greater for lower
performing students.

Active Control
The Active Control condition mimicked traditional homework assignments while still
using technology. In this condition, students received post-assignment feedback, includ-
ing a report with feedback at the end of the problem set and the opportunity to review
their responses, revisit problems, and request hints. It also used ASSISTments but
removed the immediate feedback feature so that it mirrored traditional math problem
practice while still using a device. This was done so that all students in the RCT class-
rooms were working on a device.

While there is a promise for algebraic technological applications to improve student
performance and achievement, there are few studies, if any, that simultaneously examine
the costs and assess the cost-effectiveness of such algebraic technological interventions.
In addition to the research above, two recent meta-analyses examined the effects of
game-based learning on students’ mathematics performance and self-efficacy (Byun &
Joung, 2018; Tokac et al., 2019). While these meta-analyses emphasized the need for
more rigorous research, they also demonstrate the extent of research that is available
about effectiveness, but not CEA. Without simultaneously considering the costs, deci-
sion-makers do not know the efficiency of such interventions. CEA is needed to assess
the efficiency of these algebraic technological applications.
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Purpose of the Study

The purpose of this study was to conduct a CEA of the four conditions—FH2T,
DragonBox, Immediate Feedback, Active Control–using the ingredients method (Levin
et al., 2018) and answering the following question: What is the cost-effectiveness of alge-
braic technological applications–specifically FH2T, DragonBox, and Immediate
Feedback–on students’ algebraic performance compared to the Active Control? Or, in
other words, which technological application–FH2T, DragonBox, or Immediate
Feedback–yields a given level of effectiveness for the lowest cost compared to the Active
Control? This CEA study uses the impact measures from a larger IES efficacy study that
used a student-level RCT to compare student learning from FH2T, DragonBox, and
Immediate Feedback to an Active Control condition. (Decker-Woodrow et al., 2023).
We use the ingredients method to estimate the costs of the four conditions and combine
those with the impact measures from the RCT efficacy study to estimate their cost-
effectiveness. The results provide cost-effectiveness ratios for FH2T, DragonBox, and
Immediate Feedback compared to the Active Control.

Methods

Background on Efficacy Study and Research Context

The goal of the larger efficacy study was to independently examine the efficacy of three
widely used treatment conditions (i.e., FH2T, DragonBox, and Immediate Feedback using
ASSISTments) on students’ algebraic understanding compared to the Active Control. In
total, 37 teachers, 156 classes, and 3,612 students were randomly assigned into the four con-
ditions, within classrooms, across 10 schools (9 in-person schools and 1 virtual school). The
RCT study randomly assigned students to study conditions, within classrooms, ensuring
study conditions were equivalent with respect to teacher characteristics and classroom cur-
ricula. This approach was possible because teachers were able to use all four technology-
based interventions within the classroom. After the pretest assessment, one school dropped
out, resulting in a final pool of 9 schools (8 in-person and 1 virtual), 34 teachers, 143
classes, and 3,271 students. From this pool of 3,271 students, 1,850 students across 127
classes and 34 teachers had both pretest and posttest assessments and served as the analytic
sample, resulting in an overall attrition rate of 48.8% (Decker-Woodrow et al., 2023). In
comparing attrition rates across conditions, differential attrition was not statistically signifi-
cant, and differential and overall attrition rates were within tolerable threats of bias under
optimistic assumptions (WWC, 2020). The analytic sample was evenly split between male
(50.4%) and female (49.6%) students. The majority of students were White (52.4%) with
24.8% identified as Asian, 14.5% as Hispanic, 4.3% as African American, and 4% as another
race/ethnicity (Decker-Woodrow et al., 2023).1

As the larger study was conducted between September 2020 and April 2021, during
the peak of the COVID-19 pandemic in the United States, the school district offered the
students and their families a choice of instructional modality (in-person or virtual acad-
emy) for the 2020-2021 school year before the start of the fall semester. Among the

1For additional information on the sample, including the random assignment process, research procedure, attrition rate,
and demographic information by condition, see Decker-Woodrow et al. (in press).
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analytic sample of 1,850 students, 1,245 students were in-person (67%) and 605 students
were virtual (33%). The proportion of in-person and virtual students in each condition
was similar to the overall proportions with 33% of students participating in the
Immediate Feedback, FH2T, and Active Control virtually (and 67% in-person) and 31%
of students participating in the DragonBox condition virtually (and 69% in-person).
Regardless of students’ instructional modality, all study sessions were administered
online during their regular math classes (for in-person students) or as part of learning
activities (for virtual students) and students worked individually at their own pace using
their devices. Students received nine 30-minute intervention sessions across the school
year, with a 2-week window to complete each session.

To assess impact, students received a pre and posttest assessment on algebraic
knowledge. The algebraic knowledge assessment consisted of ten multiple-choice
items from a previously validated measure of algebra across the conceptual under-
standing of algebraic equation-solving (e.g., the meaning of an equal sign), proced-
ural skills of equation-solving (e.g., solving for a variable), and flexibility of
equation-solving strategies. The measure of internal consistency Cronbach’s a is .89
(see Star et al., 2015b for additional information)2. The pretest assessment was
administered in September 2020, approximately 1 week prior to the intervention ses-
sions. The posttest assessment was administered between the end of March and the
beginning of April 2021, approximately 2 weeks following the completion of the
intervention. For students receiving instruction in person, teachers dedicated
instructional periods for the study assignments in mathematics classrooms. For stu-
dents receiving virtual instruction, teachers included the study assignments as a part
of students’ learning activities. To ensure that students spent a similar amount of
time (i.e., 30minutes per session) regardless of their condition assignments, a count-
down timer was embedded in all technologies. See Table 1 for intervention condi-
tions, assignment, and key ingredients.

Approach to Estimating Costs

To conduct the concurrent CEA of the four conditions, we used the ingredients method
(Levin et al., 2018; Levin & McEwan, 2001) and followed the steps in the Cost Analysis:
A Toolkit (Institute of Education Sciences, 2020) and Cost Analysis Standards &
Guidelines 1.1 (Hollands et al., 2021). The ingredients method of cost estimation
involves three main steps to obtain accurate and consistent measures of cost: 1) identify-
ing and specifying the ingredients required to obtain the evaluation results; 2) determin-
ing their costs; and 3) calculating total program costs and the average cost per
participant (Levin et al., 2018). To identify resources needed to implement the algebraic
technological applications, we collected data on all staff, materials, equipment, facilities,
training, technical infrastructure, and other inputs required for implementing the alge-
braic technological applications during implementation. We reviewed programmatic
materials, including the program’s purpose, theory of change, and logic model, and con-
ducted targeted interviews with technology coordinators and technical support personnel

2The 10 items are available at osf.io/bafdr
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to identify resource demands by four broad categories: personnel, facilities, equipment
and material, and other inputs.

To identify and estimate the price for each ingredient, we used several resources
(e.g.CostOut# Database of Educational Resource Prices, district salary schedule, and
national vendors). For the cost per unit of personnel, we used the district’s salary sched-
ule to ascribe prices to personnel based on hourly or daily rates. We also use the
national price for the teachers’ salaries in the sensitivity analysis. Based on the recom-
mendation of Institute of Education Sciences Institute of Education Sciences (2020), we
did not include students’ time in the CEA. We obtained pricing for facilities (e.g., mid-
dle school classroom, and district offices) from CostOut. For the cost per unit of materi-
als, equipment, and other inputs, we used their market value (for example, based on
prices on Amazon.com and/or, when available, CostOut). Prices from national vendors
are often the same for different locations, in which case, the national price equals the
local price (Hollands et al., 2021). The costs of equipment were annualized, and, in
some cases, prorated based on participants’ usage (e.g., equipment and materials for dis-
trict coordinator). In cases where we had to adjust prices, we adjusted to 2020-2021
dollars.

Based on the recommendations of Levin et al. (2018), we applied a societal perspec-
tive to estimate costs. That is, we include all program-related costs, regardless of who
pays or contributes to the resources. For example, we included in-kind donations, such
as the license fees for DragonBox, as part of the total costs. Also, we do not include
application development costs, since they are considered sunk costs (Cost Analysis
Standards Project, 2021) and are not relevant for districts and schools delivering the
intervention. This perspective provides a “reference case” to allow for comparisons of
the use of resources by different programs (Hollands et al., 2021).

To estimate the costs of the ingredients, for each item under the four broad catego-
ries, we established a unit of measure (e.g., hourly or daily rate of staff, sq. ft. of build-
ing), identified the quantity used by the intervention based on the approaches above,
and multiplied it by the cost per unit. We inserted the unit of measure, price, and quan-
tity of ingredients into CostOut, an existing IES-funded online tool (Hollands et al.,
2015) developed for estimating the costs of educational interventions to estimate the
costs of the ingredients for implementing each algebraic technological application. In
several instances, we followed the recommendations from Shand and Bowden (2022) to
identify the quantities used by the intervention, discussed further below.

As noted previously, the intervention took place during the peak of the COVID-19
pandemic and was implemented in a virtual and in-person setting. For this CEA, we
estimated costs as in-person, which, in essence, uses district and school ingredient prices
as shadow prices for remote ingredients. For example, the price of at-home office space
for the district coordinator is estimated as the same as district office space. Using
remote prices could potentially lower the overall costs proportionately for all conditions
and would shift the costs to different groups. In this case, costs would shift from the
district or school to an individual. But, given the RCT design that randomly assigned
students within classrooms, this approach does not have implications for the compari-
son of cost-effectiveness ratios across the algebraic technological application, and it
reflects how the interventions are intended to be implemented in the future.
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After we obtained and identified the costs, we aggregated all the costs to estimate the
total program cost across the program’s lifespan, using a 30-year lifecycle for facilities
and a 5-year lifecycle for equipment and materials. We also used a discount rate of 3%,
as recommended by the Cost Analysis Standards Project, [2021]). The total program
cost was divided by the number of participants who actually received and completed the
treatment (i.e. the analytic sample) to estimate the upper-bound average cost per partici-
pant (Shand & Bowden, 2022). To determine the cost-effectiveness ratio, we divided the
average cost per participant by the average effectiveness for each algebraic technological
application.

Sample

This CEA study uses the sample from the IES efficacy study (Decker-Woodrow et al.,
2023). Again, there was a final pool of 9 schools, 34 teachers, 143 classes, and 3,271 stu-
dents participating at the start of the interventions. We used this sample to calculate the
ingredient costs of the intervention with one exception–licenses for DragonBox. Given
this is one of the few differences between the conditions and considering the unusually
high attrition due to the COVID-19 pandemic, we use the analytic sample instead of
the initial sample. Otherwise, this approach captures the costs of the intervention as
implemented. From this pool of 3,271 students, 1,850 had both pretest and posttest
assessments and constituted the analytic sample for this study. The final analytic sample
for the IES RCT efficacy study was 1,850 students (FH2T n¼ 753, DragonBox n¼ 350,
Immediate Feedback n¼ 381, and Active Control n¼ 366) in 127 classes, 34 teachers
across 9 schools. Following the recommendation of Shand and Bowden (2022) regarding
the sample over which to divide costs in the presence of attrition, we use the partici-
pants who received and completed the intervention to obtain an upper-bound cost esti-
mate. The effectiveness measure that we adopt and apply in this study is derived from
the analytic sample.

Effectiveness Estimates

The effectiveness estimates were obtained from an IES RCT efficacy study that examined
the impact of FH2T, DragonBox, and Immediate Feedback compared to the Active
Control condition (Decker-Woodrow et al., 2023). The authors assessed intervention
effects through a series of 3-level hierarchical linear modeling (HLM) regression models,
with 1,850 students nested within classrooms (n¼ 127) and nested within teachers
(n¼ 34). Decker-Woodrow et al. (2023) conducted four HLM models predicting posttest
scores on the algebraic knowledge assessment. The interventions’ mean outcomes, that
is the average post-test scores, were FH2T¼ 4.59 (SD ¼ 2.96), DB ¼ 4.81 (SD ¼ 2.88),
Immediate Feedback ¼ 4.58 (SD ¼ 2.90), and Active Control ¼ 4.29 (SD ¼ 2.79). The
HLM model that controls for demographics such as gender, race/ethnicity, and gifted
status; factors in pretest scores of algebraic knowledge; and adds number of completed
assignments (dosage) and enrollment in physical or online classrooms as two post-ran-
domization variables (i.e., Model 3) indicates the interventions are statistically significant
(v2(3)¼20.863, p< 0.001). The model coefficients indicate both FH2T (c¼.361) and
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DragonBox (c¼.719) had significantly larger effects on algebraic knowledge than the
Active Control condition. However, Immediate Feedback had an insignificant effect of c
¼ .254. The standardized measure of intervention effects, that is the Hedges’ g effect
size estimates after controlling for all of the covariates, were FH2T¼ 0.135, DB ¼ 0.269,
and Immediate Feedback¼ 0.095.3 We use the Hedges’ g effect size estimates as the
effectiveness measures in the cost-effectiveness estimates. (See Table A1 in Appendix A
for a summary of Model 3 coefficient estimates).

Results

Ingredient Costs of Algebraic Technological Applications

The ingredients’ costs total $39 per student for FH2T, Immediate Feedback, and Active
Control, and $55 for DragonBox. Table 2 presents the ingredient costs per student for
the algebraic technological applications FH2T, DragonBox, Immediate Feedback, and
Active Control. We discuss the conditions’ ingredients costs by each category below.

Personnel
For personnel, the key ingredients identified were middle school math teachers (virtual
and in-person), a district-level math content specialist, a district-level coordinator, an
assistant coordinator, and district-level data (or information technology) staff. The
implementation of the applications occurred in the classroom during the school day and
consisted of 1 hour of teachers’ time per assignment (including time for device manage-
ment, login management, and student participation based on intervention sessions,
device tracking, and teacher reports) amounting to 25 hours per teacher (including
training) across the school year. We multiplied the number of teachers (n¼ 34) by the
25 hours per teacher to estimate the quantity of middle school math teacher hours at
850. We then multiplied the quantity of middle school math teacher hours (850) by an
hourly rate of $42.22 based on the district average annual teacher salary of $60,795 and
using the wage converter in CostOut to estimate the hourly rate using the academic
year4. resulting in an estimate of $35,890 for middle-grade math teachers. It is

Table 2. Per student ingredient costs by intervention condition.

Ingredients

FH2T, Immediate Feedback, and Active Control DragonBox

Costs per student Percent Costs per student Percent

Personnel $32 80% $40 72%
Facilities <$1 2% <$1 1%
Equipment & materials $6 15% $6 11%
Other inputs (e.g., license fees) <$1 2% $9 16%
Total $39 100% $55 100%

Note. Differences due to rounding.

3For continuous outcomes, the WWC recommends using the most commonly used effect size index, the standardized
mean difference known as Hedges’ g, with an adjustment for small samples. It is defined as the difference between the
mean outcome for the intervention group and the mean outcome for the comparison group, divided by the pooled
within-group standard deviation of the outcome measure.
4In-person and virtual teacher salaries did not vary. In CostOut, the academic year is 1,400 working hours [36 weeks, 5
days a week, 8 hours a day]
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important to note that for DragonBox, teachers spent additional time with setup, login,
and device management in August and September, estimated at 2 hours per teacher
based on teacher reports. This additional time resulted in an additional cost of $2,870 of
middle school math teacher time being attributed to DragonBox. The next largest cost
in personnel ingredients was the math coordinator that spent an estimated 315 hours, at
an hourly rate of $41.19 (based on academic year), supporting the implementation of
the applications from July to May, resulting in an estimated $12,970. The secondary
math content specialist that supported startup and initial training and served as a liaison
for district program implementation support spent an estimated 13 days, at a daily rate
of $329.55 (based on academic year), supporting the program implementation, resulting
in a cost estimate of $4,280. The remaining cost is attributable to district data staff that
pulled outcome and demographic data on students and provided implementation
reports. The time for this support includes 1 day per month of technical support for
August through May, at a daily rate of $329.55 (based on academic year), and 4.5 hours
for each of the 13 sessions at an hourly rate of $32.49 (based on academic year), result-
ing in an estimate of approximately $5,200. These estimates totaled approximately
$58,340 in personnel ingredients costs across the four conditions, with differences due
to rounding, with an additional $2,870 for DragonBox.

The personnel costs per student for FH2T, Immediate Feedback, and Active Control
are $32. This cost is mostly attributable to middle-grade math teachers’ time to imple-
ment the interventions (62%) and a district coordinator to support implementation
(22%). Other personnel support staff (e.g., district-level information technology staff,
content specialists, and assistant coordinators) account for the remaining 16% of person-
nel costs. The approximately $8 increase in the personnel costs of DragonBox compared
to the other conditions ($32 compared to $40) is attributable to increased middle-grade
math teachers’ time for setup, device, and login management only for that condition.

Facilities
For facilities, the key ingredients included middle school classrooms, district/home office
space, and district training space. Based on the usage rates above, we estimated the
quantity for each facility type and multiplied the quantities by prices available in the
CostOut database of education resource prices for regular middle school classrooms
(2020 prices) and mid-rise commercial offices (2020 prices). For example, we also esti-
mated the cost of a middle school classroom based on students’ aggregated usage during
the intervention (accounting for approximately 11% of one classroom for a calendar
year) and multiplied it by the annualized price of a classroom (using a 30-year lifecycle).
The district also held a 4-hour in-person training for teachers at the beginning of the
year in a space large enough for teachers to spread out due to COVID-19 (approxi-
mately 1020 square ft.). Based on the description of the building, we used the mid-rise
commercial office (adjusted) price per sq. ft. in the CostOut database of education
resource prices to estimate costs for a half day of use (based on a 30-year lifecycle).
These facilities estimates totaled approximately $1,540, resulting in facility ingredient
cost of less than $1 per student for each condition.

The facility cost per student for all conditions is less than $1. Approximately 85% of
the costs are attributed to classroom facilities. District office space and training space
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account for the other approximately 15% of the facility costs. Again, the lack of vari-
ation in facility costs between the conditions is attributable to the random assignment
of students to conditions within the classroom. In addition to using the same classroom
facilities, the district provided training to all the teachers as a cohort, so there were also
no differences in district training facilities between conditions. The facility costs for the
district math coordinator are also the same across conditions because the coordinator
oversaw the implementation of the four conditions equally.

Equipment and Materials
The primary equipment and materials were student tablets; other minor equipment and
materials include training materials and resources for the district-level coordinator (lap-
top, phone, printer, supplies). The RCT study team provided tablets that were purchased
at market rate for $45 in 2019 and 2020 to the students. Students shared the tablets at
approximately a 3 to 1 (student/tablet) ratio. We used the amortization calculator in
CostOut to estimate the annual cost per tablet, using a 5-year lifecycle with a 3% dis-
count rate (the recommended discount rate in Cost Analysis Standards Project, [2021]),
resulting in approximately $9.83. Using this approach, we estimated the ingredient cost
of the tablets at $10,700. The students also used district-owned Chromebooks to sign
into accounts before using the tablets for DragonBox; however, this was for the research
team needed to track student participation, so we excluded those costs and used only
the cost of tablets to reflect future implementation of the conditions. The other equip-
ment and materials (training supplies, coordinator equipment, and materials) were esti-
mated at $500. These estimates totaled approximately $11,200, resulting in equipment
and material ingredient costs of approximately $6 per student for each condition. The
tablets account for almost 96% of these costs.

Other inputs
Other inputs include licensure fees (relevant only to DragonBox at this time), transpor-
tation costs of a district-level coordinator, and translation services (for parent/guardian
letters). The DragonBox license fee is $7.99 per student, costing approximately $2,800
for 350 students. (Again, given this is one of the few differences between the conditions
and considering the unusually high attrition due to the COVID-19 pandemic, we use
the analytic sample instead of the initial sample.). The other ingredients consisted of
translation services ($900), phone services for the coordinator ($320), and coordinator
transportation ($400), amounting to a total of $1,610 (differences due to rounding). For
other inputs, the cost per student for FH2T, Immediate Feedback, and Active Control is
less than $1 compared to $9 for DragonBox. The difference in other costs across inter-
ventions is attributable to the $7.99 single-use license fee for DragonBox. While this
reflects the license costs a district would have to pay to implement DragonBox in the
future and is thus included in the primary analysis, given the licenses were donated in-
kind, we also estimate the costs without the license fee in the sensitivity analysis. We
also estimate the costs of the licenses for the initial sample of 3,271 students in the sen-
sitivity analysis to demonstrate the difference between using the initial sample and the
analytic sample for DragonBox.
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CEA of Algebraic Technological Applications

The results from the cost analysis indicate FH2T costs $39 per student. Dividing the
cost of $39 per student by the average effect size (Hedges’ g) of 0.135 on math achieve-
ment results in a cost-effectiveness ratio of $291 (differences in cost-effectiveness ratios
due to rounding). DragonBox, on the other hand, costs $55 per student and has an
average effect size of 0.269 on math achievement, resulting in a cost-effectiveness ratio
of $206. And Immediate Feedback costs $39 per student and had an average effect size
of 0.095, statistically insignificant, resulting in a cost-effectiveness ratio of $414. Given
that a lower ratio means less cost per unit of gain, these results show that DragonBox is
the most cost-effective of the three algebraic technological applications and that both
DragonBox and FH2T are more cost-effective than Immediate Feedback. The results are
presented in Table 3-CEA results by intervention condition.

Sensitivity Analysis

Estimating costs always involves uncertainty, and estimates may vary (Briggs et al.,
2012), hence it is critical to perform sensitivity analyses that vary estimates to test the
robustness of the results (Boardman et al., 2018). Approaches to sensitivity testing range
in complexity from 1) identifying the largest, most influential parameters and varying
them while holding all else equal (referred to as partial sensitivity analysis), 2) consider-
ing worst and best case scenarios based on multiple combinations of the least favorable
and most conservative assumptions, 3) conducting Monte Carlo simulations that draw
key parameter estimates from probability distributions (Boardman et al., 2018).5

We conducted a partial sensitivity analysis and varied the largest parameters in the
model (e.g., staffing salaries, facility costs, and equipment costs). Since so many of
the ingredients are similar across the algebraic technological applications, varying the
parameters in the cost model does not change the implications of the results of the
cost-effectiveness ratios. That is, we found efficiency gains moving to DragonBox and
FH2T under the different scenarios. For example, using an average teacher salary rate of
$45.20 derived from the $65,090 estimated average annual salary of teachers in public
elementary and secondary schools in 2020-21(NCES, 2021) instead of $42.22 results in a
cost per student of $41 for FH2T, Immediate Feedback, and Active Control and $57 for
DragonBox, which changes the cost-effectiveness ratios to $301 for FH2T, $213 for
DragonBox, and $427 for Immediate Feedback. Additionally, we estimated the per stu-
dent cost of DragonBox using the additional licensure fees for the initial 654 students
participating at the start of the interventions, as opposed to the 350 in the analytic

Table 3. Cost-effectiveness results by intervention condition.
Components FH2T DragonBox Immediate feedback Active control

Cost per student $39 $55 $39 $39
Effect size (Hedges’ g) on mathematic achievement 0.135 0.269 0.095 0
CE ratio $291 $206 $414 —

Note. Differences due to rounding.

5A Monte Carlo simulation is a model used to predict the probability of a variety of outcomes when the potential for
random variables is present.
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sample. Changing this parameter increase cost per student of DragonBox to $62 and
increases the cost-effectiveness ratio to $232. However, as discussed above, this rate of
student attrition is unlikely in future scenarios in the absence of the COVID-19 disrup-
tions, though districts may expect to purchase more licenses for students that initially
start the intervention than ones that complete it. While variations in cost parameters in
the model do not change the implications of the CEA, they do demonstrate the possible
range in per student costs and the cost-effectiveness ratios, which may be important for
decision-makers considering multiple alternatives and feasibility (discussed below).

There are also a couple of ways DragonBox in particular may improve its efficiency.
For example, given one of the few differences in costs for DragonBox stemmed from
additional teacher time to set up devices, mitigating this issue in the future implementa-
tion of DragonBox could potentially reduce the cost per student to $47 and improve the
cost-effectiveness ratio to $176. This may be a realistic scenario if the same teachers use
DragonBox over multiple years and become more familiar with the application. And,
while we include the license fees of DragonBox in the cost per student to capture all the
costs regardless of who pays, if the licenses were donated in-kind (as was the case with
the IES efficacy study), the cost per student decreases to $48 and the cost-effectiveness
ratio improves to $177. Both of these scenarios reflect ways DragonBox could improve
its productivity.

Discussion

Summary of Findings

While there is a large amount of research on the effectiveness of interventions and strat-
egies for teaching algebra (Star et al., 2015a), there is a lack of compariable information
about the cost-effectiveness of such algebraic interventions. This CEA study provides
information about the costs and effectiveness of three algebraic technological applica-
tions and demonstrates the efficiency of two in particular—FH2T and DragonBox.
Using DragonBox compared to FH2T increases efficiency by about one-third. Both are
relatively low-cost, effective interventions for improving students’ algebraic performance.
The Immediate Feedback condition, on the other hand, had an insignificant effect, was
the least efficient of the three conditions, and was approximately double the cost-
effectiveness of DragonBox. Furthermore, the results of this CEA indicate that
DragonBox had a large effect size (ES¼�.20) and low cost (< $500), as indicated in
Kraft’s Kraft (2020) schema for interpretation of cost-effectiveness ratios. FH2T falls
within the medium effect size (ES ¼.05 to <.20) and is low cost.

Since CEA combines costs and impact measures, there are study limitations that per-
tain to both. Firstly, regarding the effectiveness measures, all the limitations of the
impact study (Decker-Woodrow et al., 2023) pertain to this CEA study. The authors
noted several limitations, including non-trivial attrition due to the pandemic, with
almost half of the students dropping out of the study by the end of the intervention.6

This limitation is pertinent to the CEA because using the initial participating sample

6The authors also noted the dropout rate was not related to the intervention condition and there was no statistically
significant differential attrition between conditions.
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versus the analytic sample with unusually high student attrition results in a higher
upper-bound estimate than would likely be typical. Given these unusual circumstances,
we demonstrate different approaches to estimating these costs in the sensitivity analysis.

Another limitation of this CEA is the capacity to fully capture ingredients and corre-
sponding costs of students that participated virtually. As previously discussed, since we
estimated costs as in-person, district and school prices are used in the analysis instead
of remote prices. Consequently, it does not account for differences in the costs of resi-
dential vs. school or district facilities and equipment, and it may overlook some unin-
tended ingredients that are not part of the planned interventions (e.g., if parents/
guardians elected to support student engagement in the study). The cost-effectiveness
ratios are representative of implementing the interventions in person, which is how they
are intended to be, and how the majority of students participated in the study.
However, decision-makers considering using a combination of in-person and virtual
instruction to deliver the interventions should be cautious making comparisons of the
cost-effectiveness ratios to other algebraic interventions.

In addition to informing decision-makers’ choices regarding resource allocation, further
research could build on this work by comparing these cost-effectiveness estimates to other
cost-effectiveness estimates of algebraic interventions. By routinely incorporating cost-
effectiveness into evaluations of educational programs and applying a similar methodology
(see, for example, guidelines and recommendations in Cost Analysis Standards Project,
2021; Levin et al., 2018; Institute of Education Sciences, 2020; Hollands et al., 2021; Shand
& Bowden, 2022), it will allow for more precise cost-effectiveness comparisons and conse-
quently be more informative for decision-makers. Additionally, researchers should aim to
incorporate common measures into their CEA to help benchmark and compare results
(see Schneider [2020] for a discussion and EdInstruments for specific examples.)
Furthermore, advancements in CEA analysis have also led to PowerUp!-CEA, which is an
excel workbook designed to aid in power analysis for multilevel randomized cost-
effectiveness trials (Li et al., 2021) that researchers can apply in future studies. However,
an important caveat of cost-effectiveness results is that they can only be compared when
they use similar measures of effectiveness. We elaborate on how cost-effectiveness results
can be used to inform decision-making below.

The Role of CEA in Decision-Making

The value of CEA lies in informing decisions to allocate limited resources to maximize
effectiveness in achieving education aims. While the advantage of CEA analysis lies in
being able to compare two or more alternatives, one of the major disadvantages of CEA
is one can only compare cost-effectiveness ratios across interventions with similar goals,
in this case, algebraic achievement. Decision-makers using the cost-effectiveness results
from this study must only make comparisons across interventions that impact students’
algebraic achievement. That is, the results can be used to make comparisons of one
intervention to another in terms of relative cost-effectiveness on algebraic achievement.
This is also an area for future research, that is, to examine if and how so decision-mak-
ers may use this information. Decision-makers need to assess whether the ingredients
required to implement an intervention are available at comparable costs (Tsang, 1997).
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In making any comparison between our estimates of the cost-effectiveness ratios for
these conditions and estimates from other studies, decision-makers should pay close
attention to what ingredients were included in any cost estimates. While the cost per
student may be higher than reported costs of similar types of interventions (e.g., WWC
Intervention Report The Expert Mathematician; WWC Intervention Report Cognitive
TutorVR ), it is because we identified and then valued all of the resources needed to
implement the intervention using the ingredients method (Levin et al., 2018). This
approach provides a more complete version of the costs by accounting for the societal,
district, and/or school costs’ to implement the intervention. Based on publisher fees
alone, DragonBox would be approximately $8 per student instead of our estimate of
$51. While our estimate includes the opportunity costs of implementing the intervention
(e.g. costs of personnel, facilities, and equipment), districts and schools adopting the
intervention may only directly incur this additional or incremental $8 per student cost
for implementing DragonBox.

Furthermore, it is important to consider the results of the CEA in regard to the scale
of the intervention. This CEA used costs and effectiveness measures from a relatively
large-scale RCT implemented across 10 middle schools. As these types of algebraic
technological applications are brought to a larger scale, most of the variable costs will
remain similar, however, some efficiencies may be gained. As discussed in the sensitivity
analysis, in particular, as teachers implement the applications over multiple years, any
additional setup time for DragonBox compared to the other applications may decrease,
or DragonBox may find ways to streamline this process. Furthermore, any flat rate costs
for implementing the program would decrease proportionately to the number of stu-
dents using the program. These types of considerations may influence decision-makers’
assessment of cost-feasibility.

Conclusion

This study is one of a few studies to provide decision-makers with information about
the CEA of algebraic technological applications. Given the previous impact findings,
both game-based applications were promising interventions that improve students’
algebraic performance by training students’ perceptual-motor routines in algebraic rea-
soning. This study contributes to that literature by further demonstrating that these
game-based applications are also relatively low-cost interventions. Overall, the current
CEA study demonstrates the efficiency of FH2T and DragonBox as interventions for
improving algebraic performance. This information can be used by decision-makers
considering the productivity of alternative algebraic educational interventions to
improve the efficiency with which public resources are employed to address learning
loss brought on by the pandemic.
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Appendix A

Table A1. Summary of HLM Model 3 predicting posttest scores (N¼ 1,850).
Model 3

Coef 95% CI

Intercept 3.462��� [3.178, 3.745]
FH2T 0.361�� [0.092, 0.630]
Dragon 0.719��� [0.408, 1.030]
Immediate Feedback 0.254 [-0.037, 0.545]
Pretest 0.279��� [0.235, 0.323]
Asian 0.824��� [0.430, 1.219]
Other race 0.130 [-0.109, 0.370]
Male −0.255�� [-0.409, −0.100]
Gifted 0.612��� [0.325, 0.899]
Accelerated 1.668��� [1.178, 2.158]
EIP −0.183� [-0.360, −0.006]
IEP 0.208 [-0.063, 0.479]
Virtual 0.415� [0.048, 0.782]
Assign % 0.120��� [0.088, 0.153]

Note. Model 3: Condition: v2(3, N¼ 1,850) ¼ 20.863, p< 0.001; Race Effect: v2(3, N¼ 1,850) ¼ 19.962, p< 0.001.
Key: FH2T: From Here to There; Dragon: DragonBox; Immediate: Immediate Feedback; Pretest: Pretest score (centered);
Asian: Asian; Other race: Race/ethnicity other than Asian or White/non-Hispanic; Male: Male; Gifted: Identified as gifted;
Accelerated: Student in an accelerated mathematics program; EIP: Enrolled in Early Intervention Program; IEP: Has an
Individual Education Program; Virtual: Enrolled in a virtual class; Assign: Number of assignments completed.
Source: Decker-Woodrow et al., 2023.
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