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ABSTRACT ARTICLE HISTORY

We report on a randomized controlled trial of an intervention that lev-
erages the availability of laptops for all public-school students in the
state of Maine. The intervention, called “ASSISTments,” provides feed-
back to students as they solve mathematics homework problems and
automatically prepares reports for teachers about student perform-
ance on daily assignments. Teachers received training and coaching
on formative assessment. Data was collected from 43 schools, 87
teachers, and 2769 7th grade students. Planned analyses describe use
of the intervention, analyze the impact of the intervention on an end-
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of-year standardized assessment, and explore variables that may mod-
erate or mediate impacts. Findings indicate that students in the
schools assigned to use ASSISTments learned more and the impact
was greater for students with lower prior mathematics achievement.
Although evidence shows that teachers used the intervention to tar-
get instruction to students’ needs, the mediating role of this practice
was unclear. We also examined the generalizability of the findings and
found generalizability to be limited due to the setting in Maine.
Implications for policy, practice, and future research are discussed.

Introduction

We report an investigation of an intervention that addresses increasingly common and
important policy contexts—the one-to-one technology initiative, the assignment of
homework in mathematics classrooms, and the use of computers to provide students
with automated, immediate feedback and to support teachers’ use of data. Increasingly,
districts and states are making technology available to students for one-to-one use in
school and at home. For middle school mathematics, requiring teachers to assign and
review homework is a common policy and yet there is also widespread dissatisfaction
with the value of homework, as we discuss below. A common use of technology in
mathematics education is to provide students with feedback to guide their learning
(Roschelle et al., 2017). Further, educators are also increasingly called upon to use data
to adapt instruction and improve student learning (US Department of Education, 2016),
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and formative assessment is a recommended practice in mathematics (National Council
of Teachers of Mathematics, 2013). However, to best of our knowledge, this is the first
rigorous, large-scale experiment at the intersection of all three of these common policy
contexts: (a) one-to-one technology, (b) mathematics homework practices, and (c)
immediate feedback and formative assessment.

We observe that despite the controversies around homework (cf. Cooper, 2015),
assigning homework is still a standard practice, particularly in math classes, with middle
school and high schools students spending anywhere from 30 min to several hours per
week on math homework depending on the grade level and course (Loveless, 2014;
Pope et al., 2015). Although reviews of the research have shown mostly positive effects
of homework on students grades and achievement (Cooper et al., 2006; Fan et al,
2017), parents, teachers, and students are often dissatisfied with the degree to which
homework supports learning. Given that homework is both a widespread policy and
also often unsatisfying as a learning experience, it is a sensible target for improvement.

A range of factors that could be important for improving homework is discussed in
the literature. For example, Cooper et al. (2012) group the factors as (1) demographic
and other “given” factors, (2) assignment characteristics such as frequency and length,
(3) classroom facilitators for doing homework, (4) home-community factors, (5) class-
room follow-up, and (6) outcomes. The present study does not attempt to address or
collect data on every factor in the available literature. Instead, its logic is organized
around (1) how homework is completed by students and followed up by teachers in
classrooms and (2) new possibilities for feedback and formative assessment when tech-
nology is available both for students to take home and to help teachers to analyze stu-
dent work. As such, one early precedent is Elawar and Corno’s (1985) experiment in
which 18 elementary school teachers were trained to provide constructive, written feed-
back on the mathematics homework of their sixth-grade students. In the intervention
group, teachers provided written feedback to each student three times weekly for
10 weeks. Students in the intervention group learned more, and the intervention was
associated with smaller achievement gaps between girls and boys. Yet today, teachers
rarely provide constructive feedback to every student on each homework assignment,
likely because doing so is burdensome. This burden is changing in the technology era.

This article reports on a homework study that leveraged the availability of personal
computing devices at home and in school in Maine. As a result of the state’s one-to-one
(computers-to-student) policy, the Maine Learning Technology Initiative (Silvernail
et al, 2011) enables all middle school students to take home computers." The study
investigated a homework intervention, ASSISTments, that provides relevant feedback to
students as they solve mathematics problems on their take-home devices and automatic-
ally prepares reports for teachers about students’ answers to the problems. For example,
teachers can see which homework tasks led to frequent errors and can inspect common
wrong answers. To support the use of these capabilities, teachers in the study were also
provided with professional development aligned with formative assessment practices
(Black & Wiliam, 2010; Scriven, 1967) and coached on how to use “short-cycle” learning

"In 2000 the state of Maine, through the Maine Learning Technology Initiative (MLTI), decided to provide laptop
computers to every 7th and 8th grade student in the state. Maine now supplies computing devices to 80,000 teachers
and students each year, including high school students.
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data (Wiliam & Thompson, 2007) to make instructional decisions. Many of the instruc-
tional decisions were closely related to how to structure their daily homework review
time during class, that is, how teachers follow up based on information about how their
students are performing on homework tasks.

In this study of ASSISTments use, the intended use of the ASSISTments platform was
to support assigning, completing, and reviewing of mathematics homework.> Teachers
in treatment schools were asked to use ASSISTments to assign homework problems
from their existing textbooks using the platform so that students could receive auto-
mated feedback and so they would receive automated reports on their students’
responses to homework items. Teachers were not asked to change math content or
homework policies more generally. Nor were they asked to change how they give course
grades to students, involve parents, or incentivize homework compliance. Thus, the
study was narrowly focused on presumed advantages of technology regarding feedback,
automated reporting, and support for formative assessment.

In a prior publication (Roschelle et al, 2016), a research team reported that the
ASSISTments intervention had a positive main effect on student learning of 0.18 stand-
ard deviation units (Hedges’ ¢) and a larger effect for students with lower prior math
achievement (g=0.29) relative to peers with higher prior math achievement (g=0.12)
(Roschelle et al., 2016). The estimated impacts were modeled using a student-school
hierarchical linear regression (HLM) model, a two-level HLM. The re-analysis presented
in this article employs a three-level HLM (student-classroom-school) to account for
clustering at both the school and teacher levels and to allow for exploring how teacher
practices and behaviors (mediation variables) may contribute to and help explain
impacts of the intervention on student learning. (It is not possible to explore teacher
effects in the prior two-level student-school model.) This article also analyzes how the
effects of ASSISTments might vary for a broader set of policy-relevant student sub-
groups (whereas Roschelle et al.,, 2016 included a subgroup analysis based on prior math
achievement only). To provide readers with greater context for the intervention as
deployed in this study and to help interpret the impact results, this article also analyzes
data on teacher and student use of ASSISTments during the school year (this data was
captured by the ASSISTments platform and was not previously reported). Finally, we
report new findings from a generalizability analysis that compares the characteristics of
school districts nationwide to school districts in the study in Maine.

Literature Review

To support framing and interpreting the study, we discuss the literature on homework,
research on feedback and formative assessment, and prior literature on ASSISTments.

Research on Homework

The value of homework and how much nightly homework to assign has been widely
debated amongst school administrators, teachers, researchers, and parents (Bennett &

2ASSISTments can be used for other purposes including as a supplemental instructional activity for the whole-class or
targeted interventions with specific groups of students including students in need of remediation or enrichment.
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Kalish, 2006; Buell, 2004; Cooper, 2015; Cooper et al., 2006; Gill & Schlossman, 2004;
Kohn, 2000; Pressman et al., 2015). In particular, critics of homework emphasize the
time pressures it places on students, particularly those students involved in extracurricu-
lar activities or who carry a heavy academic course load or who work or have caretaker
responsibilities at home (Pressman et al., 2015). Homework has also been discussed as a
source of potential tension between students and parents including homes where parents
heavily monitor their children’s homework, in households with multiple school-age chil-
dren, and where parents are working one or more jobs or the night shift or might not
have the subject matter knowledge to provide their children with support (Karbach
et al., 2013; Kralovec & Buell, 2000; Nunez et al.,, 2017). When students cannot do or
learn from homework, their negative academic attitudes may increase; also teachers or
parents may develop overly general negative expectations about students based on
homework (Cooper et al., 2012). Inequities between homes in the resources available to
support homework, including access to a quiet study space and technology, have also
been cited by authors as potentially contributing to achievement gaps between low- and
high-income families (McDermott et al., 1984; Scott-Jones, 1984). On the topic of paren-
tal involvement in homework, some researchers have suggested that parent involvement
may be more important in elementary schools than in middle school and high school
where, on average, parents might be less proficient in the content to effectively support
their children (Patall et al.,, 2008). Finally, as previously mentioned, there are the bur-
dens that homework places on teachers who need to plan, organize, and distribute the
assignments, collect the student work and, when time allows, provide students with con-
structive feedback on their work.

Despite the ongoing debate about the value of homework, the research suggests that
when properly used and developmentally appropriate there are several potential benefits
of homework to both students and teachers. Homework can be a time for students to
practice new skills learned during class and to prepare for future assignments (Cooper,
2015; Cooper et al., 2006), and the added academic time on task can produce achieve-
ment gains (Cooper et al., 2012). Proponents also argue that homework can provide stu-
dents with opportunity for autonomy and to develop self-regulation skills (Bembenutty,
2011; Ramdass & Zimmerman, 2011), such as self-efficacy as a learner and resilience in
the face of challenge (Alleman & Brophy, 1991). Research has found associations
between (a) teachers’ emphasis on student autonomy and self-regulation (b) better stu-
dent effect and achievement (Trautwein et al, 2009). Other authors have promoted
homework’s value to keep parents connected to their children’s teachers, school work,
and learning process (McDermott et al., 1984; Patall et al., 2008).

Scholars have studied factors that can enhance the benefits of homework. As previ-
ously mentioned, providing actionable feedback to students enhances learning (Elawar
& Corno, 1985; Hattie & Timperley, 2007; Shute, 2008); feedback and formative assess-
ment are the focus of this study and will be discussed in more detail shortly. Other fac-
tors were not explicitly manipulated in this study, but are useful for interpreting it.
Students’ perceptions of homework quality are important to how much effort they put
into homework. Homework can be perceived by students as higher quality based on the
assignment itself, but also on the degree to which the homework process supports their
learning and is relevant to what happens in class, such as the nature of teacher follow-
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up (Dettmers et al., 2010). A student’s perception of homework quality is linked to their
motivation to do it, per the expectancy-value framework (Trautwein, Ludtke, Kastens,
et al., 2006). Putting effort into homework makes increased learning from it more likely
(Trautwein, Ludtke, Schnyder, et al., 2006). One study has suggested that student auton-
omy in doing homework is a better predictor than effort (Fernandez-Alonso et al,
2015). A study based on PISA found that providing more homework support resources
to students was positively associated with achievement (Kitsantas et al., 2011). Overall,
researchers have recommended to paying attention to three clusters of factors, the learn-
ing value of doing homework to the student, the motivational factors (including expect-
ancy and value), and changes in teacher practices related to homework that increase
learning (Trautwein & Koller, 2003). Also, there is a literature on homework compliance
and ways to incentivize compliance. Overall, this literature has shown mixed results
regarding factors that influence homework (see discussion in Trautwein et al., 2009).
This study did not aim to improve compliance.

Research has also been conducted on potential moderator variables, which address
how the effects of homework on learning vary for students, for example, by gender,
prior achievement, and family income. Some opponents of homework have argued that
differences in the homework support resources between low- and high-income families
may contribute to existing achievement gaps due to students from higher-income fami-
lies benefiting more from homework as these students, on average, are more likely to
live in homes where more effective forms of support are available (McDermott et al.,
1984; Scott-Jones, 1984). The issue of the availability of resources in the home to sup-
port homework may be particularly relevant for low achieving students and students
with special learning needs who receive special supports in the classroom but may lack
similar supports in the home (Katz et al., 2012). In contrast to some other student char-
acteristics, gender difference in both time and effort spent on homework has been
widely documented (OECD, 2015; Mau & Lynn, 2000; Xu, 2006). Compared to boys,
girls in the United States and internationally have been found to spend more time doing
homework, including math homework, and using more effective self-regulating practices
while doing so (Gershenson & Holt, 2015; Trautwein, 2007).

Homework as Source of Formative Assessment and Feedback

A central role of the use of ASSISTments for homework is to help teachers engage in
effective formative assessment, a theory- and research-based practice (e.g., Black &
Wiliam, 1998; Heritage, 2013). Leading researchers and practitioners in formative assess-
ment define it as a process comprised of multiple components working together to
make a difference in teacher practice and student learning (Bennett, 2011; Black &
Wiliam, 2009; Brookhart, 2007; Guskey, 2007; Heritage, 2013). One definition that is
relevant to this study states:

Assessment refers to all those activities undertaken by teachers, and by the students in
assessing themselves, which provide information to be used as feedback to modify the
teaching and learning activities in which they are engaged. Such assessment become
“formative assessment” when the evidence is actually used to adapt the teaching to meet
the needs (Black & Wiliam, 1998, p. 2).
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This definition emphasizes that data on the students’ recent performance is used to
guide teachers on how to adapt instruction (see also Marsh et al,, 2006; Means et al.,
2010). Technology can play a role in this process. For example, in one rigorous study
that found a positive effect of technology-supported formative assessment, teachers
collected answers to mathematics problems from students via networked handheld
calculators and used this to data adapt their instruction to fit students’ needs (Pape
et al., 2012).

The definition also encompasses students taking an active role in their own learning,
for example, by monitoring their own performance and potentially self-regulating
further learning behaviors. A relevant literature at the student level is organized around
the concept of formative feedback (Shute, 2008). Not all feedback is equally helpful to
students; more effective forms of feedback are specific to the task at hand, are delivered
in a timely manner, and direct students toward specific revisions to their approach
(Hattie & Timperley, 2007).

Broadly speaking, evidence from prior research suggests formative assessment (with or
without technology) improves learning outcomes (Black & Wiliam, 1998; Hattie &
Timperley, 2007), although there has been criticism of the quality of the research (Dunn &
Mulvenon, 2009; Kingston & Nash, 2011). A 2011 meta-analysis of 19 studies of formative
assessment in mathematics found a mean effect size of 0.17, with a 95% confidence interval
ranging from 0.14 to 0.20 (Kingston & Nash, 2011). The effects of teachers’ formative assess-
ment practices may differ depending on whether the cycle from gathering data to making an
instructional decision is immediate (e.g., within days) or happens after a longer period of
time (e.g., within months) (Wiliam & Thompson, 2007). Others have highlighted the critical
roles of allocating sufficient time for teachers to review and reflect on the data and their
instruction and the availability of meaningful professional development opportunities to
help teachers learn how to make sense of different sources of learning data and use it to
inform subsequent instructional decisions (e.g., Bennett, 2011). Sufficient time for review
and planning and meaningful professional development is often lacking from many forma-
tive assessment interventions. More recent studies of formative assessment-based interven-
tions have found no or mixed effects (Carlson et al., 2011; Cordray et al., 2013;
Konstantopoulos et al., 2013; Quint et al., 2008). In many of these studies that reported a no-
effects finding, the interventions involved the use of infrequent assessments, such as interim
or benchmark tests and provide feedback across a broad set constructs, content areas, and
skills. In contrast, the homework intervention considered in this current study uses technol-
ogy to provide regular and immediate feedback (i.e., several times a week) to students and
teachers at the individual task, problem, and topic level. It also provides teachers with profes-
sional learning opportunities and coaching geared toward helping teachers use data from
nightly homework to inform instructional decisions. Through assigning and collecting stu-
dent homework, teachers may also use homework as a source of formative feedback on their
own instruction, including as an opportunity to identify students who are struggling with
different areas of the content, as a gauge on the effectiveness of their lessons, and as a basis
to modify subsequent instruction (Cooper, 1989; Kingston & Nash, 2011; Wiliam &
Thompson, 2007).
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Prior Research on ASSISTments

Broadly, this study is also concerned with how to effectively use educational technology
for mathematics teaching and learning. By national and local policy, schools are increas-
ingly encouraged to use educational technology for all school subjects (e.g., US
Department of Education, 2016) and studies have generically reported small but positive
effects of doing so (Kingston & Nash, 2011). Yet mathematics teachers are reported to
be the least intensive users of educational technology (e.g., Becker, 2000); further the lit-
erature is replete with mixed results, depending on which specific technology and
approach is implemented (Cheung & Slavin, 2013). This study explores one promising
type of use of educational technology, which is for feedback and formative assessment
(see Roschelle et al., 2017 for types of uses in mathematics).

ASSISTments is a Web-based platform that uses a cognitive tutoring approach devel-
oped at Carnegie-Mellon University to support mastery learning in mathematics
(Bloom, 1971) and to provide formative feedback on learning progress to students and
teachers (Feng & Heffernan, 2006). Consistent with Bennett’s (2011) recommendation
to provide teachers with support to implement more effective formative assessment
practices, the developers of ASSISTments have also invested considerable resources on
the development of a coaching model to support teachers use of student performance
data provided by the platform to inform instructional decisions and better support
their students.

Prior effectiveness research studies on ASSISTments had reported positive effects on
student math learning, but, in contrast to the study in Maine, those studies were rela-
tively short in duration and involved small numbers of teachers (Kelly et al., 2013;
Mendicino et al., 2009; Singh et al. 2011). Recent research of the use of the platform in
middle school has reported greater learning gains for students with lower prior mathem-
atics achievement relative to others (Fyfe, 2016).

Current Study

The research results and findings reported in this article build off prior analyses of a
randomized control trial study of ASSISTments in the state of Maine (Roschelle
et al., 2016). In the study, the ASSISTments platform was used by 7th grade teachers
to assign mathematics homework. Student received immediate feedback on their per-
formance and teachers received performance reports at the class- and individual-level
for each assignment and professional development and coaching on how to use the
data to inform instructional decision making. The new analyses described below
examine (1) how the effects of ASSISTments vary for different types of students; (2)
whether a teacher formative assessment practice facilitated by the platform (focusing
homework review on problems students’ found the most difficult) can explain (or
mediate) the effects of the use of the platform on student learning; (3) the associ-
ation between levels of teacher and student use of the platform and student math
achievement; and (4) the generalizability of the findings in the state of Maine to dis-
tricts in other states across the United States.



242 R. MURPHY ET AL.

Methods
Research Design

Following the design set out in a proposal funded by the U.S. Department of
Education’s Institute of Education Sciences, the evaluators implemented a school-level,
randomized controlled trial design to test the efficacy of the use of ASSISTments to sup-
port math homework in 7th grade classrooms in the state of Maine. Forty-six schools,
each with at least one 7th grade math teacher, were recruited. Schools were randomly
assigned to an immediate use of ASSISTments condition (treatment) or a delayed use of
ASSISTments condition (control). Prior to random assignment, schools were blocked on
school type (K-8 or other). Within blocks, schools were matched on prior 6th grade
state assessment scores. Three schools could not be paired and were treated as a single
group for random assignment.

Schools remained in their assigned condition for two full academic years (see the
research design in Figure 1). After the second year, the control schools were given
access to ASSISTments and teacher professional development to support its use
(i.e., delayed access). For schools assigned to the treatment condition, the first year of
implementation was a pilot or “warm up” year, allowing teachers to become familiar
with the ASSISTments’ features and to practice using it. Treatments teachers used
ASSISTments in the second implementation year with a new cohort of 7th grade stu-
dents. The primary data collection activities (e.g., interviews, observations, surveys, logs)
were conducted in the second year of implementation along with the administration of
standardized math achievement assessments in the spring to assess the impacts of
ASSISTments use on students’ math learning.

2012 2013 20|14 20}15 2016

! ! | | ! ! : : : . | -

T T T T T T T T Ll gl

I | |
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Random Assignment
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Group
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Professional development and technical support

1st Year
Implementation
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*State NECAP test administered in October.

Figure 1. Study design. Two cohorts were recruited in consecutive years and schools in each cohort
were randomly assigned to condition.
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School and Teacher Sample

All schools that completed a participant application to confirm their commitment to
meeting the requirements of the research, including participation in all research activ-
ities, were accepted into the sample. The 46 schools in the original sample served a mix
of grade levels including K-8, 6-8, and 7-8. Schools were recruited in two cohorts with
the 1st cohort of schools starting in the research in the summer of 2014 (N=17) and
the 2nd cohort (N=29) the following summer, 2015. The research team documented
details of the recruitment procedures in a separate technical report (Roschelle et al.,
2014). Of the original 46 schools recruited, one dropped out after being matched, but
prior to randomization. In this case, its pair school was re-matched and randomly
assigned. A second school (treatment condition) dropped out after the start of the pro-
ject. While its paired school remained in the project, data from both schools in this pair
were excluded from analyses, resulting in a final analytical sample of 43 schools, 22 treat-
ments, and 21 controls. Eighty-seven teachers participated from these schools; many
schools had only one 7th grade mathematics teacher. The school-level overall attrition
rate was 6.5%, and the school-level differential attrition rate was 3.8%. Details regarding
student-level attrition are presented below.

The ASSISTments Intervention in Maine (Treatment Condition)

As previously discussed, the intervention consisted of assigning, doing, and reviewing
student homework using ASSISTments, along with related professional development on
formative assessment best practices. Seventh grade math teachers in treatment schools
were expected to use the ASSISTments platform to assign math homework at least 3
nights per week. Students in the treatment schools accessed their math homework
assignments by logging on to ASSISTments. Students worked on their assignments dur-
ing and outside the regular school day. All seventh-grade students were allowed to take
their school-issued laptop home at the end of the school day. If students did not have
access to the Internet at home, students could download assignments while they were at
school and upload their solutions to the problem set the next day. When working in off-
line mode, students still receive immediate feedback on the correctness of their answers.

Using the ASSISTments platform, teachers could assign problems from their textbook,
create their own problems to assign, or assign problems from an existing set of Skill
Builder problems, a common set of problems available to all users of the platform that
support mastery learning. With regard to problems from textbooks, WPI entered into
the platform the item and page number and correct solution for each end-of-unit text-
book problem for every textbook used by teachers in the treatment schools. When a
homework assignment includes problems from the textbook, students refer to the actual
problem in their textbook, can use paper and other resources (e.g., a calculator) to do
their work, and enter their solutions in the ASSISTments platform. Students then
receive immediate feedback on the correctness of their solution (correct or incorrect). If
the solution is incorrect, the students make additional attempts and enter new solutions.

In contrast to the assignment of problems from the textbook, Skill Builder problems
are available in a library on the platform and are indexed by state math standards. If
they are struggling with a solution to a particular Skill Builder problem, students can
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request and receive step-by-step hints to the solution of the problem. Students receive
similar problem types until they answer a string of three problems correctly (with a
limit of ten unsuccessful attempts). To check on the retention of the acquisition of
knowledge and skills, teachers also have the option of turning on a feature that reas-
sesses students automatically on skills one week or two weeks after the successful com-
pletion of Skill Builder problem set (few teachers in the study used this feature).
Ultimately, teachers decided how much and what type of homework was assigned, and
they were asked to do so in accordance with their existing school homework policy.
Further, as previously discussed, no attempt was made to intervene with regard to fac-
tors that have been found to have uncertain benefits to learning, such as addressing stu-
dent’s compliance on homework, how teachers gave student grades or incentives, or
how parents were involved.

Nightly Reports on Homework Performance

Teachers receive reports via email or by logging in to the platform. The reports allow teach-
ers to quickly review whether students completed the assignment, student performance on
each problem, the average percentage of problems answered correctly for individual students
as well as for the class, and the most common wrong answers per problem at the class-
room level.

Teacher Professional Development and Technical Assistance

WPI hired a former math teacher and experienced ASSISTments user to provide profes-
sional development and technical assistance to teachers in treatment schools.
Professional development consisted of a single two-day summer training and an add-
itional day of technical assistance distributed across the school year via webinars, email,
and in-person visits. The first summer training session introduced teachers to the plat-
form and helped prepare them for using it with their students including how to create
and deliver assignments. A second summer training session, after the first year of use,
focused on advanced features of ASSISTments and the practice of formative assessment.
Teachers also received specific guidance on how to use the information in the reports to
facilitate their daily homework review time in the classroom including focusing atten-
tion on the homework problems that students had the most difficulty with, reviewing
correct solution procedures for those problems as well as the common wrong answers
to address underlying misunderstandings.

Homework Practices in the Control Condition

Participating teachers in control schools were expected to continue to implement any
homework practices already in place or that were planned during the course of the
study (“business as usual condition”). This included the use of the school’s learning
management system to assign homework or the use of an online homework resource.
Teachers in both the treatment and control schools were expected to abide by any for-
mal district homework policy. Previously reported findings from classroom observations
in study classrooms (Fairman et al., 2016) found that teachers in the control group
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spent about the same amount of class time reviewing homework (23% of class time) as
in the treatment group (25%).

Instruments and Measures

A variety of instruments were used to collect data relevant to the logic model, to moni-
tor implementation of ASSISTments in the treatment classrooms, and assess the contrast
in homework and homework review practices in classrooms across both experimen-
tal conditions.

Student Demographic Information

Student demographic information was collected directly from the Maine Department of
Education’s State Longitudinal Data System. This included student gender, free and
reduced-price lunch status, and individualized education program (IEP) status. In add-
ition, the evaluators collected classroom rosters from each teacher participating in the
study. Rosters included information that identified the specific class, student names,
grade level (for mixed grade classes), and students’ special education and IEP status.

Student Prior Mathematics Performance

This experiment used students’ 6th grade mathematics scores on the New England
Common Assessment Program (NECAP) as a measure of prior achievement. The test
was administered in the fall of 6th grade. Data for this statewide standardized assess-
ment was also collected directly from the State Longitudinal Data System. Due to the
state’s transition from the NECAP to a Common Core-based state-wide standardized
assessment, the last available NECAP scores were from Fall 2013.

Student 7th Grade Mathematics Performance

During the period of the study, Maine phased out the NECAP as their statewide assess-
ment and did not administer any assessment during the 2014-2015 school year. As a
result, the research team purchased and administered the TerraNova Common Core
Assessment for mathematics at the end of 7th grade so that a consistent achievement
measure would be collected across the participating schools in the two cohorts. The
Terra Nova is published by Data Recognition Corporation and is nationally normed.
Teachers were trained by the research team on how to administer the assessment.
Completed test booklets were returned to the test publisher for scoring and scorers were
blind to the assigned condition.

Teacher Homework Review Practices

Measures of teachers’ homework review practices were based on data from teacher
instructional logs. All teachers in both conditions were asked to complete daily
10 minute online logs across three different weeks selected by the research team and
distributed equally across the second implementation year. At the end of each day dur-
ing the selected weeks, teachers were asked to report if they reviewed the previous
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night’s homework with their classes that day and how they chose the problems that they
reviewed from the assignment (e.g., whether they reviewed all problems or reviewed
only a select group of problems). Figure 2 shows the relevant item from the daily
instructional log for teachers in the treatment group. We constructed separate measures
based on the percentage of the total numbers of daily log days completed that a teacher
reported the use of the practices represented in the sub-items of the question.’

System Use Data

The research team also used the electronic records collected by the ASSISTments system
as a source of implementation data for the treatment group. For each classroom, the
system collects time-stamped data (time and date) for each interaction with the plat-
form. Data were extracted for the 23 treatment schools, 43 7th grade teachers, and 2,327
students. The data was extracted from the second implementation year (2013-2014
school year SY for schools in cohort 1, and 2014-2015 SY for schools in cohort 2).
Teacher use measures computed from system use data included the number of weeks
with one or more problem set assigned, total number of assignments, percent of student
performance reports opened, and the percentage of problems assigned that were Skill
Builder problems. The single student use measure included in the analysis was the total
number of problems attempted on the ASSISTments platform.

6. How did you determine which problems to review with students?

(Mark all that apply.)

| reviewed all the problems O
| reviewed a sample of problems that | think my students might have difficulty on O
| used ASSISTments reports to identify difficult problems for students O
| used reports provided by other computer programs to identify the hard problems.
Specify the program(s):

O]
| asked my students what they wanted to go over O

Figure 2. Relevant item from the daily instructional log (treatment group) used to construct measures
of homework review practice (See related footnote for details on construction of the targeted home-
work review measure).

3Multiple sub-items were combined to construct the targeted homework review measure. In a prior item, if teachers
indicated that they reviewed homework with their class that day, they were then asked to report how they determined
which problems to review (see Figure 2). Teachers in the treatment condition were considered to use a targeted
homework review practice if they selected one or more of the following responses—I reviewed a sample of problems
| thought teachers had the most difficulty on, | used ASSISTments reports to identify difficult problems for students, and
| used reports from other computer programs to identify hard problems (Teachers in the control condition did not see the
sub-item about the use of ASSISTments). We then counted up the number of times a teacher self-reported they used a
targeted review practice and divided this by the total number of daily instructional logs completed.
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Data Analyses

We conducted four types of analysis:

1. A descriptive analysis of the sample and sample attrition, as well as the use of
ASSISTments by teachers and students in the treatment condition.

2. An analysis of the impact of the intervention on student achievement in math-
ematics, including an analysis of student subgroups as potential moderators.

3. An analysis of a teacher homework review practice as a potential mediator
between ASSISTments use and student learning.

4. An analysis of the generalizability of our findings to other settings in the
United States.

Descriptive Analysis

An analysis of sample and sample attrition was conducted using the student demo-
graphic information and prior achievement measures (6th grade NECAP scores in read-
ing and mathematics) provided by the state of Maine, classroom roster information
provided by the districts, and records of students who completed a TerraNova assess-
ment administered by the research team. We tracked both students who joined and left
the study after the start of the school year (joiners and leavers), to examine differential
attrition rates between conditions, and to see whether the population that dropped out
of the study differed systematically from the students who remained. The descriptive
analysis of classroom usage of ASSISTments was conducted using system use data col-
lected automatically by the platform.

Impact Analysis
For the main impact analysis, we investigated the main effect as well as possible moder-
ators and mediators of impacts. We used a three-level hierarchical model in which
students were nested within classrooms and classrooms nested within schools. Student-
level covariates used in the model included: prior 6th grade NECAP math score, student
gender (0=female, 1 =male), free and reduced-price lunch status (0 =not free/reduced
eligible, 1 =free/reduced eligible), and individualized education program status (0 =no
IEP, 1=1IEP). Classroom-level covariates included the mean prior 6th NECAP math
score for all students in the classroom, the variance in prior 6th grade NECAP math
scores for all students in the classroom, and the number of students in the classroom.
In addition to the school-level treatment condition (control = 0, ASSISTments = 1),
and 20 school matched-pair indicator variables, school-level covariates included the
mean prior 6th grade NECAP math score for all current 7th grade students, the school-
wide percentage of students receiving free and reduced-price lunch, and the size of 7th
grade enrollment. All analyses were conducted with students’ mathematics TerraNova
scale scores as the dependent variable. Table 1 shows the Pearson correlations amongst
the covariate, treatment status, and outcome variables.

The three-level hierarchical regression model used to estimate the main impact of
assignment to the immediate use of ASSISTments on student TerraNova performance is
shown below:
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Table 1. Pearson correlations amongst the covariate (student-level), treatment status, and outcome
variables in the three-level hierarchical linear model.

1 2 3 4 5 6 7 8 9 10
Male —_ 0.135%*% —0.041* —0.019 —0.015 —0.01 —0.226%* —0.218** 0.031 —0.037
IEP status 0.135%* — 0.094%* —0.004 —0.313** —0.295%* —0.335%* —0.334** 0.007 —0.310**
Free/reduced- —0.041%* 0.094** —_ 0.079*%* —0.267** —0.271** —0.236** —0.232** —0.058** —0.266**
price lunch
Ethnic minority® —0.019 —0.004 0.079** — —0.084** —0.078** —0.018 —0.027 —0.01 —0.073**
Grade 6 math —0.015  —0.313** —0.267** —0.084** —_ 0.969**  0.633**  0.630** 0.007 0.749%*
(scaled score)b
Grade 6 —0.01 —0.295%* —0.271** —0.078**  0.969** — 0.629%*  0.636** 0.01 0.753**
math (percentile)
Grade 6 reading —0.226%* —0.335%* —0.236** —0.018 0.633**  0.629** — 0.967** —0.015 0.546**
(scaled score)
Grade 6 —0.218%* —0.334%* —0.232** —0.027 0.630%*  0.636%* 0.967** — —0.014 0.550%*
reading (percentile)
Treatment 0.031 0.007 —0.058** —0.01 0.007 0.01 —0.015 —0.014 — 0.115%*
7th grade math —0.037  —0310%* —0.266** —0.073** 0.749** 0.753** 0.546** 0.550** 0.115%* —

score (TerraNova)

Note. ®Ethnic Minority includes Asians, Blacks and Latinos with Asians representing 25% of the nonwhite sample.
New England Common Assessment Program.

*p < .05.

**p < .01.

**kp <.001.

Level 1 Model (Student)
TN,J = T[Ojk + ﬂljkPYiOTMath,‘jk + ﬂizjkMale,‘jk + TE3JkIEP,]k + 7T4ijRL,jk + e,‘jk
Level 2 Model (Classroom)

7ok = PBook + PorxMathClay + oo ClaVary + o3 NClay + rojx
Tlojk = Pook>  ® =1 to 4, for mj through myj

Level 3 Model (School)
Book = Yooo + Yoor Trx; + yooaMathSchy + ygo3 FRLSchi + 7904 NSchi+
20

Zy00<x+4)SchPairk + Uook

x=1
Boek = Voeo» ® =1 to 3, for By through By

Beok = Vo0 e =1 to 4, for By through By

The analyses were conducted in three steps. First, we tested for the main effect of the
treatment on student math achievement using the model above (y001). Second, we
tested for possible moderator effects associated with various student characteristics
(prior Mathematics achievement, gender, special education status, and free and reduced-
price lunch status) by adding an interaction term (treatment indicator by student char-
acteristic) at the school level, testing the model separately for each variable and with all
moderator interaction terms in the model (complete moderation model). Third, we
examined the role of teacher-reported homework review behavior (the extent to which
they focused their daily homework review activity on the homework problems students
had the most difficulty solving) as a potential mediator of the effect of ASSISTments on
TerraNova scores.
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Mediation Analysis

Next, we analyzed whether a specific homework review practice that can be facilitated
by the ASSISTments platform—using in-class time set aside for homework review to
focus on those problems that proved to be the most difficult for students—might help
explain (or mediate) the effect of ASSISTments use on students’ math achievement.
While there are several strategies for assessing mediation, each have their own limita-
tions (Cheung, 2009; MacKinnon et al., 2002; MacKinnon & Pirlott, 2015; Pituch, et al.,
2005; Schochet et al., 2014). In general, all the strategies share a common causal frame-
work represented by Figure 3 for a single mediator mediation model. In the unmediated
model, path ¢ represents the total effect of the treatment on student test scores (7001 in
the Level 3 Model shown above). In the mediation model, the hypothesized mediation
paths, a and b, represent the paths through which the treatment may have its effect on
student achievement scores (i.e., the use of ASSISTments leads to a change in teacher
practice and it is the change in teacher practice that leads to the gains in student
achievement relative to the control group). Path a is the effect of the treatment on the
teacher practice mediator variable (targeted homework review) while path b is the effect
of the mediator on students’ spring TerraNova score. The mediation effect (also known
as the “indirect” effect) is the product of the two mediation paths (ab). Path ¢ is the
direct of effect of the treatment on student test scores. The total effect of the treatment
on the student achievement (c) is the direct effect (¢’) plus the mediation effect (ab).

Spring TerraNova
Treatment —3 Score
c (Student Outcome)
Unmediated Model
Targeted
Homework
Review
(Mediator)
a b
Spring TerraNova
Treatment > Score
o (Student Outcome)
Mediation Model

Total Effect=c=c’ +ab

Figure 3. Single mediator mediation path diagram. Path diagram showing (1) the total effect (path ¢)
of the treatment (ASSISTments) on the student outcome (math achievement) and (2) the indirect
effect of the treatment on the student outcome (paths a and b) through the mediator (targeted
homework review).



250 @ R. MURPHY ET AL.

To estimate the mediation effect (ab) and test for its statistical significance we imple-
mented two different strategies—a joint test of significance approach (MacKinnon et al.,
2002) and the empirical M-test (MacKinnon et al,, 2004).* The mediation paths a and b
were estimated using hierarchical regression models that accounts for clustering and
included covariates at each level of the models and the interactions of the covariates
with the treatment status indicator. For the joint test of significance approach, the first
step is to estimate the effect of the treatment on the mediator using a two-level regres-
sion model (teachers clustered within schools). If this treatment effect is not statistically
significant, then the analysis is halted with a finding that no mediation is present since
there is no statistically reliable evidence that the treatment changed the hypothesized
teacher practice mediator. If the effect of the treatment on the mediator is statistically
significant, the next step involves the use of a three-level regression model (students
clustered within classrooms within schools) to estimate the effect of the mediator on the
outcome variable controlling for the treatment condition. If the effect of the mediator
on the outcome is statistically significant, mediation is indicated, without implying caus-
ality since the mediator was not experimentally manipulated (i.e., teachers were not ran-
domly assigned to different levels of the mediator variable). While this approach is
commonly used and its logic is easy to follow, the approach does have limitations includ-
ing (1) a requirement that the path coefficients a and b are uncorrelated, (2) it doesn’t
provide confidence intervals for the indirect effect (ab) and (3) has lower statistical power
to detect a mediation effect in the case of multi-level mediation (e.g., effect of a teacher
practice on a student outcome) relative to the empirical M-test approach (MacKinnon
et al, 2002; Pituch et al, 2005). For the empirical M-test approach (MacKinnon et al.,
2004), the first step is to estimate the indirect effect by taking the product of the path
coefficients from treatment to mediator (a) and from mediator to outcome (b). These
parameters were estimated in steps 1 and 2 of the joint test of significance approach. The
statistical significance and (asymmetric) confidence intervals for the product ab (indirect
effect) are calculated using the PRODCLIN procedure in SAS and the values of the esti-
mated path coefficients a and b along with their standard errors (MacKinnon et al,
2007). If the indirect effect is statistically significant (i.e., the confidence interval does not
include 0), mediation is indicated, without implying causality.

Analysis of Relationship Between System Use and Math Achievement

We also examined how end-of-year math achievement varied with ASSISTments use
within the treatment schools. Specifically, in a single three-level hierarchical regression
model, we examined the relationship between several measures of teachers and stu-
dents use of ASSISTments and student math achievement. These analyses were
restricted to the treatment sample only. Specifically, we analyzed whether the follow-
ing teacher use variables were significant predictors of student achievement: (1) the
number of weeks in which at least one problem set was assigned, (2) the number of
total homework problem sets assigned, (3) the percent of problems assigned that were
Skill Builders, and (4) the percent of problem sets for which a teacher reviewed a
report. In addition, in the same model, we also analyzed whether the number of

“The joint test of significance approach is a variation of the widely used causal steps approach (Baron & Kenny, 1986).
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homework problems completed by a student on ASSISTments was a significant pre-
dictor of math achievement. All of the use measures analyzed were based on data
automatically captured by the ASSISTments platform.” The total number of weeks
used, total problem sets assigned, and the rate at which teachers reviewed the student
performance reports are proxy measures of teachers’ commitment to complying with
the research team’s expectation for the use of ASSISTments and its features to sup-
port instruction. Including a measure of the extent to which teachers assigned prob-
lems from the system’s Skill Builder problem library allows us to analyze whether
greater exposure to mastery-based problem sets is associated with higher math
achievement scores. Finally, to examine the association between students with more
direct exposure to the ASSISTments platform and immediate feedback on homework
and student math achievement we included in the model a measure of the total
number of problems completed by each student.

Generalizability Analysis

Since the schools recruited into the sample were not randomly selected from the popu-
lation of schools in the state Maine, we used the Generalizer software tool (thegeneral-
izer.org) to assess the extent to which the impact findings from the study’s school
sample might apply to all 547 schools in the state of Maine as well as to schools in
other states in the United States (Tipton & Miller, 2016). The tool computes a general-
izability index between 0 and 1 using pretreatment covariates (school size, characteris-
tics of the school population, urbanicity, district size, and percent unemployment) and
a propensity score that summarizes the degree of similarity between the study sample
and the inference population and the extent to which the study’s Average Treatment
Effect (ATE) is unbiased for the inference population (Tipton, 2014). The Generalizer
software tool utilizes school data from the National Center for Education Statistics’
Common Core of Data and the U.S. Census Bureau’s American Community
Survey dataset.

Study schools were compared to the population of schools in Maine and the other
49 states in the U.S. meeting the inclusion criteria based on a propensity score that
estimates the probability that a school in the population would be selected into the
study given its value on the covariates. The larger the generalizability index, the
more similar are the sample and inference population schools and, thus, the higher
the probability the impact estimates from the study generalize to the inference popu-
lation. An index above 0.90 indicates “very high generalizability”; 0.70-0.90 “high
generalizability”; 0.50-0.69 “medium generalizability”; and below 0.50 “low
generalizability.”®

SFor our measure of the rate at which teachers reviewed the performance reports generated by the ASSISTments
system, for each problem set assigned, we counted the number of occasions teachers “opened” a report by clicking on
a link in the online teacher interface that takes the teacher to a presentation of class and student performance on each
problem in the set.

A generalizability index in the high and medium ranges indicate statistical adjustments are needed to remove
potential bias due to difference between the study sample and inference populations (Tipton, 2014). While statistical
adjustments are expected to perform well when an index is in the high range, statistical adjustments may not remove
all of bias when the index is in the medium range. When the index is less than 0.50, statistical adjustments are not
expected to perform well and generalization of the results to the inference population is unjustified.


https://www.thegeneralizer.org
https://www.thegeneralizer.org
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Results and Findings
Sample, Attrition Rates, and Baseline Equivalence

As reported above, 43 schools and students in classroom taught by 87 teachers were
included in the analytical sample. In finalizing the student-level analytic sample, we first
analyzed the students who left the study (leavers) and joined the study (joiners) after
the study schools were randomly assigned to condition. With regard to leavers, student-
level attrition from the study was based on student’s enrollment in 6th grade, the grade
the students were entering when the study commenced (1st Year Implementation). The
initial sample based on 6th grade enrollment was 3,035 students, of whom 2,653
remained enrolled in their schools during the course of the study and had a valid
TerraNova assessment score at the end of 7th grade. Of the 387 students who did not
complete the study, 221 were in the control condition and 161 were in the
ASSISTments condition. The resulting overall student-level attrition was 12.6% with a
differential attrition between Treatment and Control groups of 6.9%, a level which is at
the boundary between (a) acceptable and (b) acceptable under optimistic assumptions in
relation to potential bias associated with individual-level attrition (What Works
Clearinghouse, 2017).

Table 2 shows the prior achievement scores and demographics for students in the ori-
ginal sample at the start of the school year by experimental condition. The sample was
overwhelmingly White (92%) and just under 40% received free or reduced-price lunch
(39%). Thirteen percent of the student sample had an individualized education program
indicating that these students potentially received some type of specialized instruction
and related services during their mathematics instruction. We found small statistically
significant differences (p < 0.01) between conditions on two baseline variables including
percentage of free and reduced-price lunch and percentage ethnic minority (Latinos,
African-Americans, Asians, American-Indian, and 2 or more races) with students in
treatment schools being less likely to receive free and reduced-price lunch (37% versus
42%) and less likely to be a member of an ethnic minority (7% versus 10%) compared
to students in the control schools. There were no statistically significant differences

Table 2. Mean and standard deviation of demographic characteristics and prior test scores for all
students enrolled in the study schools at the start of the school year and separately for treatment
and control group students along with results of tests for group differences.

All (N=3,035) Treatment (N =1,689) Control (N=1,346)

Difference
Variables Mean (SD) Mean (SD) Mean (SD) (T-0
Male 0.50 0.50 0.51 0.50 0.48 0.50 0.03
IEP status 0.13 0.34 0.13 0.34 0.13 0.34 0
Free/reduced-priced lunch status 0.39 0.49 0.37 048 0.42 0.49 —0.05%*
Ethnic minority® 0.08 0.27 0.07 0.25 0.10 0.30 —0.03**
Grade 6 math (scaled score)® 644.25 11.20 644.59 10.78 643.83 11.71 0.76
Grade 6 math (percentile) 54,03 27.40 54.74 26.87 53.13 28.03 1.61
Grade 6 Reading (scaled score) 648.10 11.60 647.94 11.25 648.30 12.04 —-0.36
Grade 6 reading (percentile) 54,99 27.74 54.60 27.48 55.49 28.07 —0.89

Note: ®Ethnic minority includes Asians, Blacks and Latinos with Asians representing 25% of the nonwhite sample.
PNew England Common Assessment Program.
*¥p < .01,
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between the conditions for 6th grade standardized test scores in reading or mathematics
(Table 2).

We also tracked the students who joined a study school after the start of the school
year. One hundred and sixteen students (57 in the control group and 59 in the treat-
ment group) joined a study school after the start of the school year and completed the
study by taking the TerraNova assessment in 7th grade. Since joiners in each condition
were equivalent on the baseline 6th grade reading and math scores, joiners were
included in the final analytical sample (see Table 3).” Thus the total student sample
included in the impact analyses was 2,769 students comprised of the 2,653 students who
were initially enrolled and completed the study plus the 116 joiners (Table 4).

Table 3. Mean and standard deviation of demographic characteristics and prior test scores for stu-
dents who joined the study after the start of the school year (joiners) by treatment and control
groups along with results of tests for group differences.

Treatment (N =59) Control (N=57) .
Difference
Variables Mean (SD) Mean (SD) (T-Q)
Male 0.34 0.48 0.49 0.5 —0.15
IEP status 0.19 0.39 0.16 037 0.03
Free/reduced-priced lunch status 0.61 0.49 0.75 0.43 —0.14
Ethnic minority? 0.19 0.39 0.04 0.19 0.15%*
Grade 6 math achievement (scaled score)® 639.42 11.73 642.4 10.56 —2.98
Grade 6 math achievement (percentile) 43.52 26.23 48.14 26.03 —4.62
Grade 6 reading achievement (scaled score) 646.02 12.93 644.51 10.54 1.51
Grade 6 reading achievement (percentile) 50.25 2833 45.82 26.71 4.43

Note: *Ethnic Minority includes Asians, Blacks and Latinos with Asians representing 25% of the nonwhite sample.
New England Common Assessment Program.
**p < .01.

Table 4. Mean and standard deviation of demographic characteristics and prior test scores for all
students in the final analytical sample and separately for the treatment and control group students
along with results of tests for group differences.

All (N=2,769) Treatment (N=1,587) Control (N=1,182)

Difference
Variables Mean (SD) Mean (SD) Mean (SD) (T-C)
Male 0.49 0.50 0.50 0.50 0.47 0.50 0.03
IEP status 0.11 0.32 0.11 0.32 0.11 0.31 0.00
Free/reduced-price lunch status 038 049 0.35 0.48 0.41 049  —0.06**
Ethnic minority® 0.07 0.26 0.07 0.25 0.07 0.26 0.00
Grade 6 math achievement (scaled score)b 645.01 10.55 645.07 10.44 644.93 10.69 0.14
Grade 6 math achievement (percentile) 5573 26.54 55.96 26.26 55.42 26.91 0.54
Grade 6 reading achievement (scaled score) 648.56 11.34 648.41 1.1 648.75 11.66 —0.34
Grade 6 reading achievement (percentile) 56.07 27.16 55.75 27.04 56.51 27.33 —0.76

Note: ®Ethnic Minority includes Asians, Blacks and Latinos with Asians representing 25% of the nonwhite sample.
ENew England Common Assessment Program.
*¥p <.01.

“Students joining the treatment schools were more likely to be a member of an ethnic minority—19% of the joiners in
the treatment group compared to 4% in the control group—or 22 of the 59 joiners in the treatment group and 5 of
the 57 students in the control group.
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Teacher and Student Use of ASSISTments

Measures of teachers’ use of ASSISTments were compiled by aggregating data from the
platform’s user log files at the section or class level. Many teachers taught multiple sec-
tions or classes. There was variation in how teachers between schools used
ASSISTments, as well as within schools and, often, how the same teachers used the plat-
form across different sections. Thus, for the purpose of describing teachers and students
use of ASSISTments, for each use variable, we computed a separate use statistic for each
section a teacher taught and then aggregated these measures across sections. Table 5
shows the descriptive statistics for the teacher and student ASSISTments use variables.

To assess the frequency to which ASSISTments was used for homework in treatment
classrooms, we counted the number of weeks in which a teacher assigned a class at least
one ASSISTments assignment. Although there are 38 weeks in a school year, teachers
and students only had access to ASSISTments for a portion of this time. In Maine, it
takes schools up to 6 weeks from the start of the school year to distribute laptops to stu-
dents. Further, teachers typically did not use ASSISTments during weeks in which stu-
dents were reviewing for or taking state-mandated tests. Overall, we found that the
median classroom used ASSISTments for 22weeks or little more than half of the
instructional weeks available (55%) and the median section received a total of 78 prob-
lem sets (assignments) during the school year or between three and four assignments
per week in a week when ASSISTments was used. This level of use was consistent with
the study leaders’ expectations. During the initial teacher training sessions, teachers
were told to use ASSISTments to assign homework 2-3 times per week.

A majority of the homework problems assigned by teachers were from their textbook
(about 99% of problems in the median section); the rest were Skill Builder problems.
However, based on the difference between the percentage of Skill Builders assigned for
the median and average sections (1% for the median compared to 13% for the average
section), some teachers relied heavily on the assignment of this problem type, while
others rarely assigned Skill Builders. In fact, slightly more than half of all teachers in the
treatment schools (53%) assigned Skill Builders. We also examined whether assignments
were made to a whole classroom or to a subset of students (this data is not included in
Table 5). Although the predominant use pattern was to assign the whole class the same
problem sets for homework, about 20% of assignments were issued to a smaller sub-
group of students, suggesting some teachers were using ASSISTments to customize and
differentiate homework assignments for different groups of students.

We also analyzed the proportion of ASSISTments reports that a teacher opened a
report by clicking on a link in an email sent to the teacher or on the ASSISTments plat-
form. We use the opening of reports as an indicator that a teacher is using

Table 5. Median, mean and standard deviation of teacher and student use of ASSISTments variables

by section.

Variables N Median Mean SD
Total number of problems attempted by students 1,335 733 846 620
Percent of assignments that teacher reviewed reports 86 0.75 0.73 0.25
Total number of assignments assigned 86 78 93 71

Percent of problems assigned that were skill builders 86 0.01 0.13 0.20

Number of weeks with at least one assignment 86 22 21 1
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ASSISTments to review student homework performance, which is a precondition to
using homework data to adjust instruction. In the median section, teachers opened 75%
of the reports available to them.

In terms of students use of ASSISTments at the class level, students in the median
class attempted a total of 733 problems on ASSISTments across the entire school year
or approximately 33 problems per week in the weeks ASSISTments was used to assign
homework problems.

We also investigated whether student use of ASSISTments differed for different
groups of students, including by gender, prior achievement, free and reduced-price
lunch status, and IEP status (see Table 6). For each group we found statistically signifi-
cant differences in the amount of problems completed on the ASSISTments platform.
Males attempted 10% more problems than females. Students with higher prior achieve-
ment (at or above the median) attempted 23% more problems than students with lower
prior achievement (below the median). Students not receiving free and reduced-price
lunch attempted 16% more problems than those students who do. Finally, students
without an IEP attempted 32% more problems than student with an IEP.

Main Effect of Intervention

Results from our three-level hierarchical linear main effects model are presented
in Table 7 (see results for Main Effects). Controlling for student, classroom, and school--
level covariates, we found a significant positive treatment effect of approximately 8.5
scale points for those students who used ASSISTments (y50;=8.501, p <.001). This cor-
responded to an effect size (Hedge’s g) of 0.22 standard deviation units and a 95% con-
fidence interval (CI) for the effect size of 0.15 to 0.30.® This is a slightly greater effect
than was reported in the prior publication (g=0.18) using a two-level model (Roschelle
et al., 2016).

Table 6. Mean, standard deviation tests for differences in teacher and student use of ASSISTments
by gender, prior math achievement, free and reduced-price lunch participation, and individualized
education program status.

Total

Problems Attempted
Variables N (Mean) Standard deviation Difference
Male 760 895 657 87**
Female 761 808 638
Grade 6 math achievement (above median) 766 937 713 173%**
Grade 6 math achievement (below median) 741 764 566
Do not receive free/reduced-price lunch 977 896 688 125%**
Receive free/reduced-price lunch 534 771 566
No individualized education program (no |EP) 1,337 876 654 214%%*
Indiviualized education program (IEP) 174 662 587
Note. **p <.01.
#E¥D < 001,

8We also ran the main effects analysis with the 116 joiners removed from the analysis sample. The results were very
similar to the results for the full analytical sample. With the joiners removed, the estimated main effect of ASSISTments
use was 8.612 points (t(18) = 4.525, p < 0.001) on the 7th grade TerraNova math assessment.



256 @ R. MURPHY ET AL.

Table 7. Results of three-level hierarchical regression model to estimate main effect of treatment

(ASSISTments).

Parameters

Unconditional
(standard errors)

Main effects

All interactions

Regression coefficients (fixed effects)

Intercept (y000)

Treatment status (Ttx) (y001)

Mean grade 6 math achievement®-
school (y002)

Mean free/reduced-price
lunch-school (y003)

7th Grade enrollment-school (y004)

Mean grade 6 math achievement-
class (y010)

Grade 6 math achievement
variance-class (y020)

688.666 (2.287)***

685.239 (1.473)***
8.492 (1.952)***
0.624 (0.624)
0.073 (0.160)

0.013 (0.030)
0.743 (0.134)***

0.030 (0.019)

685.144 (1.473)*%**
8.505 (1.952)***
0.602 (0.623)
0.101 (0.160)

0.022 (0.031)
0.828 (0.135)***

0.035 (0.019)

Class size-class (y030) — —0.010 (0.132) —0.009 (0.132)
Grade 6 math achievement (y100) — 2.257 (0.055)*** 2.393 (0.076)***
Male (y200) — —2.455 (0.886)** —4.209 (1.359)**
Individulized education program — —8.571 (1.522)*** —11.002 (2.311)***

(IEP) (y300)
Free/reduced-price lunch (FRPL) (7400) — —4.043 (0.988)*** —5.055 (1.491)**
Grade 6 math achievement x Trx (y101) — — —0.284 (0.102)**
Male x Trx (y201) — — 3.192 (1.788)
IEP x Trx (y301) — — 4,142 (3.069)
FRPL x Trx (y401) — — 2.049 (1.969)
Variance components (random effects)

Residual (¢?) 919.22 505.01 501.38
Level 2 Int (rnz) 533.41 56.63 56.22
Level 3 Int (1:,;2) 57.98 8.71 8.82
Model summary

Deviance statistic 27,149.52 24,988.23 24,968.71
Number of estimated parameters 4 35 39

Note: Treatment Status (Trx) = 0 = Control, 1 = Treatment.
*New England Common Assessment Program.
*p <05, ¥¥p < .01, ¥**p <.001.

We also note that 6th grade scores on the NECAP mathematics assessment was posi-
tively related to TerraNova mathematic scores in spring of 7th grade (y;00=2.257,
p<.001). Lower TerraNova math scores were associated with being male (y00 =
—2.455, p <.01), students receiving special education services (y3p0 = —8.571, p <.001),
and students receiving free and reduced-price lunch (y40 = —4.043, p <.001).

Moderator Effects

We then analyzed whether a set of exogenous student characteristics moderate the
effects of ASSISTments use on student math achievement by testing for interaction
between the student-level characteristics and treatment condition. The student charac-
teristics investigated include gender, prior mathematics achievement, free and reduced-
price lunch status, and IEP status. Results are shown in Table 7. A separate analysis was
conducted for each moderator variable and the final model included all interaction
terms in the model by adding the interaction terms to the school-level of the Main
Effects model described above (see results for All Interactions model).

As shown in Table 7, when all interaction terms are included in the same model, we
found a statistically significant and negative effect between prior math scores (6th grade
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NECAP math scores) and the treatment condition favoring students entering the study with
lower prior math schools (y;; = —0.284, p < 0.01). We found no statistically significant evi-
dence that the other student-level characteristics moderated the effects of ASSISTments use on
math achievement.” To provide readers with a sense of the size of the moderation associated
with prior math achievement, the treatment effect for students with higher prior math achieve-
ment (one SD above the mean on 6th grade NECAP) was 4.87 points, while the treatment
effect for students with lower prior math scores (one SD below the mean) was 12.13 points.

Test for Mediation

Two approaches were used to examine whether teacher behavior (i.e., reviewing targeted
homework problems with the class) was a mediator of the effect of ASSISTments on
student math achievement: the joint test of significance (MacKinnon et al., 2002) and the
empirical M-test (MacKinnon et al., 2004). Results from the application of both strategies
found no support for a mediational effect of the targeted homework review measure.

Joint Test of Significance

Based on the results of the joint test of significance approach, we found no evidence to sup-
port a finding that the targeted homework review practice measured mediates the effect of
ASSISTments use on student math achievement (see Table 8). Specifically, while treatment
had a statistically significant effect on the mediator variable—treatment teachers reported
using targeted homework review in 33% more of the instructional logs relative to control
teachers (Model A; a=33.454 t(13) = 3.414, p < .01)—the teacher review practice variable
was not a statistically significant predictor of 7th grade math achievement scores (b =
—0.062, £(103) = —1.521, p > .05) when the variable was added to the classroom-level of the
All Interactions model (Model B). This is inconsistent with a finding of mediation.

Empirical M-Test

To apply the empirical M-test, we first computed the indirect effect by taking the prod-
uct of the mediation path coefficients a and b from the hierarchical regression models
A and B in Table 8 (ab = (33.454) (—0.062) = —2.074). We then computed the asym-
metric 95% confidence interval for the indirect effect (the product of two normally dis-
tributed random variables) using the PRODCLIN computer program and the values of
a and b and their standard errors (Mackinnon et al., 2007). The results are summarized
in Table 9. The resulting 95% confidence interval is [—51.825, 8.7737]. Since the interval
includes the value of 0, we can’t reject the possibility at a 95% confidence level that
there is no mediation effect due to the impact of the treatment on teachers’ use of a tar-
geted homework review practice. Thus, the finding from the empirical M-test replicates
the finding from the joint test of significance.

°Note Table 7 shows that when the student variable by treatment status interaction terms were analyzed separately, we
found statistically significant and positive moderation of the effects of ASSISTments on math achievement of being
male and having an individualized education program. However, these results are no longer statistically significant
when all the interaction terms are included in same model.
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Table 8. Results of the mediation analysis examining whether a measure of teacher targeted home-
work review mediates the effect of the treatment (ASSISTments) on student learning.

Model A Model B
Coefficients Coefficients
Parameters (standard errors) Parameters (standard errors)
Regression coefficients (fixed effects) Regression coefficients (fixed effects)
Intercept (y000) 43,147 (6.979)***  Intercept (y000) 685.625 (1.850)***
Treatment status (Trx) (y001) 33.454 (9.798)**  Treatment status (Trx) (y001) 10.157 (2.423)**
Mean 6th grade math-school (y002) 0.132 (2.449) Mean 6th grade math-school (7002) 0.721 (0.650)
Mean free/reduced-price —0.124 (0.830) Mean free/reduced-price 0.194 (0.165)
lunch-school (y003) lunch-school (y003)
7th Grade enrollment-school (y004) 0.031 (0.147) 7th grade enrollment-school (y004) 0.012 (0.029)
Mean 6th grade math-class (y010) 0.261 (0.256) Mean 6th grade math-class (y010) 0.752 (0.156)***
6th Grade math variance-class (y020) 0.029 (0.045) 6th Grade math variance-class (y020) 0.036 (0.024)
Class size-class (y030) —0.645 (0.374) Class size-class (y030) 0.160 (0.175)
Targeted homework —0.062 (0.041)
review-class (y040)
6th Grade math (y100) 2.413 (0.088)***
Male (7200) —4.445 (1.545)**
Individualized education program —8.754 (2.650)**
(IEP) (y300)
Free/reduced-price lunch —4.960 (1.676)**
(FRPL) (y400)
6th grade math x Trx (y101) —0.328 (0.113)**
Male x Trx (y201) 4.190 (1.964)*
IEP x Trx (y301) 2.076 (3.384)
FRPL x Trx (y401) 1.724 (2.154)
Variance components (random effects) Variance components (random effects)
Residual (¢?) 310.027 Residual (¢?) 479.061
Level 2 Int (z,2) 554.088 Level 2 Int () 63.403
Level 3 Int (1% 0.021
Model summary Model summary
Deviance statistic 1,117.72 Deviance statistic 20,491.37
Number of estimated parameters 2 Number of estimated parameters 40

Note: *p < .05, **p < .01, ¥**p < .001.
Treatment Status (Trx) = 0= Control, 1= Treatment.

Table 9. Results of the M-test mediation analysis approach, examining whether a measure of teacher
targeted homework review mediates the effect of the treatment (ASSISTments) on student math
achievement.

Path coefficients Coefficients (standard errors)
Path c (total effect of treatment on student math achievement)® 8.505 (1.952)***

Path a (effect of treatment on mediator)® 33.454 (9.798)**

Path b (effect of mediator on student math achievement)© —0.062 (0.041)

Path ¢’ (direct effect)® 10.157 (2.423)**
Mediation effect (ab) [confidence interval]® —2.074 [—51.825,8.7737]

Note: ®Estimated treatment status (Ttx) (y001) parameter in Table 7.

PEstimated treatment status (Ttx) (y001) parameter from Model A in Table 8.

“Estimated targeted homework review-class (y040) parameter from Model B in Table 8.

dEstimated treatment status (Trx) (y001) from Model B in Table 8.

®Mediation effect = the product of path coefficients a and b. Confidence interval computed using PRODCLIN (MacKinnon
et al., 2007).

*p <.05, ¥*p < .01, ***p <.001.

Limitations

There are several methodological limitations to the mediation analysis. First, since the ana-
lysis was considered a secondary analysis, the study’s sample size was not designed to be suf-
ficiently large to find small, yet perhaps meaningful, mediation effect. In addition, we tested
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mediation of a single formative assessment practice mechanism—a measure of whether
teachers targeted their homework review time to those problems that proved to be the most
difficult for students. We can’t rule out the possibility that important unmeasured teacher
and student mediators may exist that might help explain the effect of the treatment on stu-
dent math achievement including increases in students’ perceptions of homework quality,
their expectancy and value regarding homework, or other indicators of their autonomy, self-
regulation or effort. We must also acknowledge the strong possibility of the existence of
unobserved confounding variables, including unobserved mediators, that are correlated with
both the selected mediator—in our case targeted homework review—and student achieve-
ment. Since teachers were not randomly assigned to the different levels of the mediator, by
not accounting for the existence of confounding variables in the analytical models, the
strength of the relationship between the hypothesized mediator and outcome variable may
be overestimated and spurious if the unobserved variables are the true source of mediation.
A final limitation we need to consider is bias due to measurement error associated with the
mediator.'® The regression-based approaches used in the mediation analysis assume the
mediator is perfectly measured without measurement error. However, in practice, all varia-
bles have some degree of unreliability. The presence of measurement error will lead to an
underestimation of the strength of the association between the mediator and outcome vari-
able, lower statistical power, and reduce the study’s ability to detect a true mediational rela-
tionship.'" Although we expect some degree of unreliability in our self-reported measure of
the mediator, we have no reason to believe that accounting for the unreliability of the meas-
ure would have significantly changed the findings of the mediation results.

Relationship Between System Use and Math Achievement

We found positive relationship between two use variables and end-of-year 7th grade
math achievement—the percentage of homework problems assigned by teachers that
were Skill Builders and total number of problems completed by students. Table 10
shows the results for three-level hierarchical linear regression model examining the rela-
tionship between teacher and student use of ASSISTments and student math achieve-
ment within the treatment sample. Controlling for a range of individual, classroom, and
school characteristics, students in classroom whose teachers assigned a greater percent-
age of Skill Builder problems (#(66) =2.073, p <.05) and students who completed more
problems through the ASSISTments platform (#(1,312) =4.913, p <.001) had higher 7th
grade math achievement scores. These analyses are exploratory and cannot be used to
make definitive claims about causal relationships between different types and levels of
use of ASSISTments and student math achievement. While it is possible that higher
achievement scores result from assigning more mastery-based homework problems (in

%0One other possible limitation of mediation analysis cited in the literature is the possibility of reverse causation, i.e., the
possibility that the changes in the level of outcome variable caused by the treatment cause changes in the proposed
mediator variable. However, since in the present study the measure of targeted homework review happened weeks prior
to the assessment of student math achievement, reverse causation is not possible and was not a considered a threat to
the interpretation of the mediation analysis results.

"Note that the effects of bias on the size of the mediator effect (path b) due to the presence of (1) unobserved
confounding variables and (2) measurement error will be in opposite directions and will offset each other to
some extent.
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Table 10. Results of three-level hierarchical model to test the relationship between teacher and
student use of ASSISTments and student math achievement (treatment group only).

Parameters Coefficients (standard errors)
Regression coefficients (fixed effects)
Intercept (y000) 694.110 (1.849)***
Mean grade 6 math achievement®-school (y001) 0.451 (0.812)
Mean free/reduced-price lunch-school (y002) —0.074 (0.178)
7th Grade enrollment-school (y003) —0.003 (0.039)
Mean grade 6 math achievement-class (y010) 0.762 (0.176)***
Grade 6 math achievement variance-class (y020) 0.048 (0.031)
Class size-class (y030) —0.055 (0.161)
Report review rate-class (y040) 8.656 (5.180)
Total number of assignments-class (y050) 0.025 (0.029)
Percent of skill builders assigned-class (y060) 13.030 (6.285)*
Number of weeks of use-class (y070) —0.287 (0.173)
Grade 6 math achievement (7100) 2.057 (0.076)***
Male (y200) 0.449 (1.138)
Individualized education program (7300) —6.152 (1.968)**
Free/reduced-price lunch (y400) —2.321 (1.279)
Total number of problems attempted (7400) 0.009 (0.002)***
Variance components (random effects)
Residual (¢?) 433,503
Level 2 Int (z,2) 48.639
Level 3 Int (z4%) 40.865
Model summary
Deviance statistic 12,890.54
Number of estimated parameters 19

Note: ®New England Common Assessment Program.
*p <.05, ¥¥p < .01, ¥**p < .001.

the form of Skill Builders) and students attempting more homework problems with
immediate feedback, it is also possible that teacher and student factors that are con-
founded with these use variables explain some or all of the relationship between these
use variables and higher math achievement scores (and despite our use of covariates in
our model to adjust for potential observable confounding factors). For example, we
know from the results of analyses described above that students who attempted more
ASSISTments problems were also more likely to have higher prior math achievement
than others, less likely to receive free and reduced-price lunch (a proxy for family
income) and less likely to have an individualized education program. We also know that
just over half of the teachers assigned Skill Builder problems to their students (52%).
Thus, it is possible that teachers who assigned Skill Builders (1) were more likely to
assign these problems to students who were more advanced math learners or (2) were,
in general, more likely than their peers to use effective instructional strategies in
the classroom.

Generalizability of Study Findings

Of the 43 schools involved in the study, the Generalizer program was able to identify 41
schools in its database using the National Center of Education Statistics school identifier
number. Generalizability was assessed for each of the 50 states and the United States as
a whole. The population was restricted to schools that included 7th grade, the target
population of this study. As described above, the Generalizer program produces a gener-
alizability index that can be used to summarize the strength of the similarity between
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the study sample and the inference population. For the current study sample, the esti-
mated generalizability index was above 0.90 for the state of Maine, indicating that the
study sample generalizes to the inference population in Maine and that the estimated
impact is unbiased for this population. In contrast to the generalizability findings for
Maine, when we look across the United States, four states had a generalizability index
between 0.70 and 0.90; fourteen between 0.50 and 0.69; and for the remaining thirty-
one states the index was below 0.50—indicating the results from this study have low
generalizability to districts in a majority of states. Figure 4 below provides a visual rep-
resentation of the results (high and medium generalizability states are combined into a
single category in the graphic, 0.50-0.90).

Generalizability Index By State
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Figure 4. The results of a generalizability analysis of the sample indicated the study findings might
apply well throughout the state of Maine (green) and somewhat in 18 other states (orange). The study
does not generalize well in the 31 other states (red), primarily in the West, South, and some parts of
the Northeast.

Discussion

The evaluation team planned and successfully implemented a randomized control trial
to evaluate the impact of an online homework intervention, ASSISTments, on student
mathematics achievement. They recruited and maintained a sufficient number of schools
to statistically power the study, randomly assign them to condition and avoid contamin-
ation between conditions. Student attrition, overall and between groups, was within
guideline levels for a cluster-random assignment design study. The quality of the ori-
ginal study as well as the prior published results (Roschelle et al., 2016) motivated this
deeper investigation of findings, particularly with regard to moderators, mediators, and
generalizability.
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Use of the ASSISTments platform to assign homework by teachers generally fit the
expectations established prior to the experiment: teachers assigned student work in
ASSISTments three to four times per week and they opened reports (a precursor to for-
mative assessment) 75% of the time. The median classroom used ASSISTments for
22 weeks of a 38-week school year and students in the median classroom completed
almost 733 problems. Given the lag between the start of the school year and when
schools in Maine typically distribute the laptops to students and extracurricular activities
and test preparation that take away from regular instruction, 22 weeks of ASSISTments
use is considered a meaningful duration.

Although the research team and trainers encouraged treatment teachers to assign
homework using ASSISTments at least three nights per week, variation in how and how
often the platform used was expected. A “one-size-fits-all” approach was not the intent
of ASSISTments’ developers; ASSISTments was designed to be used in a multitude of
ways. In fact, during this study some teachers clearly used ASSISTments to assign cus-
tomized assignments to small groups of students and individuals as well as the
whole class.

Consistent with the findings of Roschelle et al. (2016) in a previous analysis using a
two-level hierarchical linear regression model, using a three-level model we found a stat-
istically significant main effect of the intervention on the standardized math assessment
administered by the research team (Hedges’ g=0.22); 7th grade students in schools that
used ASSISTments had higher scores on the study’s measure of math learning, the 7th
grade TerraNova math assessment To help put the size of this effect of ASSISTments’
use in Maine into context, the research team published a technical report (Roschelle
et al., 2017). In terms of conventional benchmarks associated with the findings from rele-
vant, published meta-analyses, an effect size of 0.22 standard deviation units is about
30% greater than the average effect size reported in a meta-analysis of formative assess-
ment interventions (Hedges’ g=0.17, reported in Kingston & Nash, 2011) and two and
one-half times larger than the average effect size reported in a meta-analysis of rigorous
studies of computer-based interventions (Hedges’ g=0.09, reported in Cheung & Slavin,
2013). In relation to measures of annual expected progress for 7th grade math learning,
an effect size of 0.22 represents an additional two-thirds of a year of gain in math learn-
ing for the average 7th grade student in the treatment group when compared to the
0.30 expected gain due to a full year of 7th grade math instruction (Lipsey et al., 2012).
In terms of policy relevant performance gaps, the main effect of 8.5 points on the 7th
grade TerraNova math assessment is two times larger than the difference in scores
between the average student in the sample who receives and does not receive free-and-
reduced-price lunches (—4.0 points) and similar in size to the difference between stu-
dents with and without an individualized education program (—8.6 points).

We also found a differential positive effect of the intervention for students with dif-
ferent prior math achievement upon entering the study. Specifically, we found a statis-
tically significant interaction effect between prior mathematics scores and the treatment:
7th grade students with lower prior mathematics scores experienced a greater benefit
from the ASSISTments intervention. As in the earlier Elawar and Corno (1985) study,
providing more and better feedback to students may be especially beneficial to lower
performing students (higher performing students are more likely to get math problems
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right without feedback and thus may experience less need for feedback). As lower per-
forming students are more likely to struggle with homework, they may have benefited
more from treatment teachers’ greater propensity to target their homework review
around common errors or deeper discussion around solutions to math problems that
are challenging. These discussions were enabled in the treatment condition through the
nightly homework performance reports the ASSISTments platform sends to teachers.
Also, the intervention may have influenced student perceptions of homework quality;
plausibly, giving a student feedback at home along with the opportunity to try problems
again could increase their ability to learn from homework and their sense that doing
homework is a worthwhile activity. As discussed in the literature, perceptions of home-
work quality relate to students’ expectancy and value judgement; these correlate to stu-
dent effort; and student effort drives learning (Dettmers et al., 2010; Trautwein, Ludtke,
Kastens, et al., 2006). Alternatively, one might interpret the results in terms of providing
students more autonomy to do homework by giving them immediate feedback
(Fernandez-Alonso et al, 2015) or more support while doing homework (Kitsantas
et al., 2011)—both factors are consistent with the prior literature. It is also reasonable to
interpret the autonomy and support as supporting student self-regulation. Self-
regulation is associated with more learning from homework (Ramdass & Zimmerman,
2011). (We also noticed that students who attempted more problems in ASSISTments
had greater learning, but we are reluctant to interpret this as more student effort per
cautions in the literature). We do not have specific measures of each of these individual
student factors that may mediate the effect of the intervention on student learning for
students with lower prior math achievement—autonomy, support, self-regulation,
expectancy-value motivation—and thus cannot model whether these factors may explain
why ASSISTments homework-based intervention was more beneficial for students with
lower prior achievement in mathematics.

We do not expect that other factors discussed in the literature are explanatory.
For example, we did not intervene with respect to a teacher’s homework compliance
policy. Surveys given to teachers in both the treatment and control teachers show
that a few teachers in each group perceived homework compliance as slightly higher,
but overall there was no major shift. Overall, most teachers in both groups reported
compliance was above 50%. We also have no reasons to suspect that parents were
involved differently in the two conditions as a result of the intervention.

Teachers homework practices were also found to be influenced and impacted by the
intervention. A previous analysis of interviews and observations from this experiment
had identified a distinctive change in teaching practice (Fairman et al., 2016). In particu-
lar, teachers in the ASSISTments condition used the reports from ASSISTments to target
specific problems during their classroom review of homework, focusing on those prob-
lems that most students had difficulty solving on the nightly homework assignment.
ASSISTments provided teachers with information about common wrong answers for
each assignment and teachers were observed to address these specific wrong answers.
These teacher behaviors would be visible to students and might also have influenced
student perception of homework quality (as discussed in the previous paragraph) and
student’s feeling of teachers’ paying attention to their learning. From our analysis of the
system use logs we know that a majority of nightly homework performance reports
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were opened by teachers (75% of all reports). Further, data collected from both treat-
ment and control teachers through teacher instructional logs indicated statistically sig-
nificant differences in homework review practices with treatment teachers more likely to
shift toward a targeted review of homework. However, the present analysis did not find
a mediating effect of a self-reported measure of the extent to which teachers focused
their review of homework in the classroom on those problems that students experienced
the most difficulty solving.

We also found a statistically significant association between spring test scores and
teachers who assigned a greater percentage of Skill Builder problems and students who
attempted more problems on the ASSISTments platform. While this analysis was correl-
ational and exploratory, it does suggest that it might of value if future research on the
ASSISTments platform included a rigorous test of whether a blended mastery-learning
homework approach (a mix of textbook and Skill Builder problems) might be a particu-
larly effective implementation model for the use of the platform.

Finally, we considered the generalizability of our findings from the state of Maine to
other states across the nation. One advantage of conducting the study in Maine was the
equitable distribution of one-to-one computing devices to all students under the states’
one-to-one laptop program, making it possible for all students to have access to
ASSISTments when they were away from school. However, one corresponding limitation
of siting the study in Maine is the potential lack of generalizability of the study’s find-
ings to states, regions and districts where computing devices are not equitably available
for homework. In addition, the generalizability of the findings from this study are lim-
ited due to the fact that the student population in Maine is more homogeneous and the
population densities lower than in many other regions of the country. Our generalizabil-
ity analysis, which examined the degree of similarity between the sample and popula-
tions in other regions of the United States and the nation overall, found that
generalizability was medium to high for only 19 states (including the state of Maine).
Consequently, we would recommend caution in extrapolating these findings to regions
of the country with different population demographics. A replication in North Carolina,
a state with a more diverse student population, is now underway. Finally, we highlight
that implementation quality has often been found to be an important variable in other
studies of the impact of formative assessment and educational technology interventions.
In this study, the ASSISTments team provided ample training and coaching to teachers
that was well-received by participants. Our findings might not generalize to weaker or
shorter-term implementations.

Conclusions

We conducted a rigorous, large-scale experiment at the intersection of all three relevant
policy contexts: (a) one-to-one technology, (b) mathematics homework practices, and
(c) formative assessment. The findings show that the area of overlap can be fruitful
point of intervention in the enduring quest to improve middle school mathematics
achievement.

Although schools could design interventions with only two of these factors, we believe
there are good reasons to continue to explore all three factors. For example, it is
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possible to take a formative assessment approach to improving mathematics homework
but without technology. Yet, in this case, we see potential advantages to using technol-
ogy, such as providing immediate feedback directly to students as they do their home-
work and making homework a more productive learning opportunity for all students,
particularly those with limited access to supportive adults and peers outside of school.
Further, the ASSISTments intervention was designed to be easy for teachers to use
including reducing the burden of giving students immediate feedback on their home-
work. For example, the homework problems in their existing textbooks were available in
ASSISTments to be assigned to students; teachers did not have to find and align new
homework items to their instructional plans. Also, teachers reported that the automatic
scoring and reporting that makes students’ homework performance immediately visible
to teachers enabled them to re-focus their energies away from grading and toward
adapting their instruction. Hence, we suggest that while educators could see this study
as validating their investment in only two of the three factors, there are reasons why
they may want to focus efforts on using technology to improve mathematics homework
via formative assessment practices.

With regard to research, there is much more to be done. Although we found a prom-
ising impact of the intervention on teaching practice (the switch to targeted homework
review), our model of mediation did not show a relationship between change in practice
and increased student learning. In future research, it would make sense to investigate a
range of theory-based teacher and student mediators, and design experiments and
strengthen measurements so as to be better able to analyze mediation. Also, we pointed
out the limited generalizability of this work, due to the specifics of the setting in Maine.
This work will inform an ongoing replication study in North Carolina, also funded by
U.S. Department of Education, which will further explore for whom and under what
conditions and practices this type of intervention can yield positive student impacts.
Finally, there is much more that could be explored at the three-way intersection of
homework, formative assessment, and technology. We did not yet explore parent
involvement for example, but this is a much-discussed factor in the literature, and it is
plausible that technology could help with positive parent engagement and involvement
in homework. There is also more that an online homework platform like ASSISTments
could provide in terms of resources to students as they do homework, such as an online
support community and guides to additional learning resources.
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