R E S E A R C H
RESULTS:
Hardin County Schools

®

Hardin County Schools recognized
their students struggling in
mathematics needed additional
support. It was clear the support
they provided would only be
effective if it addressed both the
needs of the students as well as
their teachers.

PROFILE
DISTRICT:
Hardin County Schools, KY
GRADES:
5– 8
STUDY DESIGN:

Silver Level1

EVALUATION PERIOD:
2016–2017 school year

THE CHALLENGE
Hardin County Schools in Kentucky was implementing the MATH 180 program with
212 students in 16 of its schools. MATH 180 was being used to assist students in

MEASURES:
MATH 180 ® course software use,
Math Inventory,®
NWEA® MAP ®

Grades 5 and up who were struggling with multiplication, division, fractions, and
decimal operations. The district was interested in understanding the effects of the
program on student growth in mathematics. The study involved the 212 students
who participated in MATH 180 in the 2016–2017 school year and 212 matched
comparison students from the same schools. The study sought to answer the
following research questions:
1. What are the effects of MATH 180 on student mathematics achievement?
2. How does MATH 180 differentially affect subgroups of students?
3. What is the association between student mathematics achievement
and program implementation—are changes in MATH 180 participants’
mathematics test scores associated with variation in program implementation?

Silver level studies typically use a quasi-experimental design (QED) to designate treatment and control groups. Selection methods may include identifying eligibility, cutoff scores, convenience
groups, or self-selection into a group. These studies are eligible to receive the second highest rating for Meeting Evidence Standards from the WWC. Following the ESSA categories, these
studies provide moderate evidence.
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THE SOLUTION
MATH 180 is an intervention program for struggling students in Grades 5 and up. MATH 180 Course I focuses on rebuilding
students’ understanding of multiplicative thinking, division, fractions, and decimals as students progress towards algebra
readiness. Built around nine blocks of instruction, each covering three topics, MATH 180 uses a blended learning model of
instruction to build reasoning and elicit student thinking. In this blended model students rotate between teacher-facilitated
instruction and personalized software that adapts to their needs.

WHOLE-CLASS
DO NOW
This classroom management routine
develops mathematical thinking and
makes connections to prior topics.

GROUP
INSTRUCTION

PERSONALIZED
SOFTWARE

BRAIN ARCADE

The teacher facilitates instruction
to build conceptual understanding,
develop reasoning and communication
skills, and interpret student thinking.

The MATH 180 software adapts to each
student’s needs, providing added practice
for those who need it and accelerating
those ready to move on.

Available anytime, anywhere, the Brain
Arcade provides each student with a
personalized playlist of games that build
strategic and procedural fluency.

THE STUDY
The analytic sample included a total of 212 MATH 180 students in Grades 5–8 who received MATH 180 in 2016–2017 and 212
matched comparison students. RMC Research used propensity score matching to create a matched set of comparison students
from a total of 3,639 possible comparison students who did not receive MATH 180 but were eligible for the intervention. The
purpose of using propensity score matching was to identify a sample of non-MATH 180 students that most closely resemble the
MATH 180 students. Students were stratified by grade and matched on baseline NWEA Measures of Academic Progress (MAP)
scores (averaged across the 2014–2015 school year) and four demographic variables:
• gender,
• race (White/non-White),
• special education status, and
• eligibility for free or reduced-price meals.
The majority of participating students were White (75% of MATH 180 and 73% of comparison students) and eligible for free or
reduced-price meals (71% of MATH 180 and 76% of comparison students). Almost one-quarter (23% of MATH 180 and 24% of
comparison students) were special education students.
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Students using MATH 180 demonstrated
significantly greater gains on the NWEA
MAP assessment in relation to a matched
comparison group; this finding was more
pronounced for students designated as SPED.

BASELINE EQUIVALENCE
A baseline equivalence test conducted on the final analytic sample revealed baseline equivalence between the MATH 180 and
comparison groups. Specifically, in the final analytic sample, no significant differences between groups existed on baseline
assessment scores, gender, race, special education status, or eligibility for free or reduced-price meals. These results support the
sampling goal of establishing a comparison student sample that resembles the MATH 180 student sample. Table 1 presents the
baseline equivalence results.

TABLE 1. BASELINE EQUIVALENCE RESULTS
VARIABLE
Fall 2016 NWEA MAP Score

MATH 180

COMPARISON

208.74

208.32

Percent Female

51%

47%

Percent White

75%

73%

Percent SPED

23%

24%

Percent eligible for free or
reduced-price meals

71%

76%
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RESULTS
What are the effects of MATH 180 on student mathematics achievement?
NWEA MAP SCORES: FALL 2016 TO SPRING 2017
Overall effects
An analysis of covariance (ANCOVA) model was conducted to test whether MATH 180 had an effect on student gains on NWEA
MAP scores. Exhibit 1 shows that Hardin County Schools’ MATH 180 students’ gains on NWEA MAP scores from fall 2016 to spring
2017 were significantly greater than comparison group gains (F = 13.08, p < .001).

EXHIBIT 1. NWEA MAP SCORES
230

215 MATH 180
214 Comparison

207
205

190
Fall 2016

Spring 2017

Notes. MATH 180 n = 208; Comparison n = 207.

How does MATH 180 differentially affect demographic subgroups of students?
Demographic subgroup effects
Additionally, moderating effects were examined to determine whether MATH 180 was equally effective across student
demographic groups. ANCOVA results revealed no interaction effects for race (White versus non-White), gender, or
socioeconomic status. However, findings revealed a significant interaction of MATH 180 and special education status on NWEA
MAP. Specifically, the magnitude of the effect of MATH 180 was significantly greater for students in special education than those
who were not in special education (F = 4.94, p < .05).
Further analysis examined effects of MATH 180 for the following subgroups: special education students and non-special education
students. Exhibit 2 shows that Hardin County Schools’ MATH 180 students’ gains on NWEA MAP scores from fall 2016 to spring
2017 were significantly greater than comparison group gains for students who were in special education (F = 12.45, p < .001) and
for those who were not in special education (F = 4.01, p = .046).
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EXHIBIT 2. NWEA MAP SCORES BY SPECIAL EDUCATION STATUS
230

217 non-SPED
MATH 180
217 non-SPED
Comparison
209
207

208 SPED
MATH 180
204 Comparison

199
198
190
Fall 2016

Spring 2017

Notes. SPED MATH 180 n = 45; SPED comparison n = 49; non-SPED MATH 180 n = 161;
non-SPED comparison n = 158.

What is the association between student mathematics achievement and program implementation?
Are changes in MATH 180 participants’ mathematics test scores associated with variation in
program implementation?
High versus low implementation subgroup effects
Subgroup analyses were conducted to examine differences between high MATH 180 implementers (i.e., students who were more
engaged with the software) and low MATH 180 implementers (i.e., those who engaged less with the software). RMC Research
created an implementation variable based on students’ number of sessions on the MATH 180 software. MATH 180 students who
had 50 or more sessions during the 2016–2017 school year were classified as “high implementers,” and those with fewer than
50 sessions were classified as “low implementers.” Comparison students were assigned the same high or low implementation
designation as their matched MATH 180 counterpart. Results showed that MATH 180 students who were high implementers
exhibited significantly greater gains between fall 2016 and spring 2017 on NWEA MAP math scores than their comparison
student counterparts (p < .001). However, MATH 180 students who participated in fewer than 50 sessions did not differ from their
comparison group counterparts on NWEA MAP math score gains (p = .939). Exhibit 3 presents the fall 2016 and spring 2017
NWEA MAP math scores for each of these groups.
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EXHIBIT 3. NWEA MAP SCORES BY IMPLEMENTATION STATUS
Group

Low Implementers

High Implementers

Fall 2016

Spring 2017

Gain

Fall 2016

Spring 2017

Gain

MATH 180

201.90

209.95

8.05

205.85

216.44

10.59

Comparison

206.00

213.20

7.20

207.26

214.38

7.12

Note. Low implementer MATH 180 n = 42; Low implementer comparison n = 42; high implementer MATH 180 n = 170;
high implementer comparison n = 170.

Further analyses examined whether an interaction effect between MATH 180 and implementation existed—that is, whether the
difference in NWEA MAP math score gains between MATH 180 students and their comparison counterparts (the MATH 180
effect)—was significantly greater for the high implementation than for the low implementation group. Though the subgroup
analyses showed a significant effect of MATH 180 on high implementation students but not on low implementation students,
ANCOVA results indicated that the interaction—difference in effect between the two groups—was not significant.

MATH INVENTORY SCORES: FALL 2016 TO SPRING 2017
Math Inventory gains
RMC Research conducted a paired t-test to evaluate the extent to which students’ scores on the Math Inventory (MI) improved
after participating in MATH 180 2. Exhibit 4 presents MI scores for MATH 180 students from fall 2016 to spring 2017.

EXHIBIT 4. MATH INVENTORY SCORES
Group
MATH 180

n

Fall 2016

Spring 2017

Gain

143

446.19 (207.43)

664.90 (171.36)

218.71 (189.52)

On average, MATH 180 students who had a fall 2016 and spring 2017 MI score (n = 143) experienced statistically significant
improvement on the MI between fall 2016 and spring 2017 assessments, t(142) = 13.80, p < .001, d = 1.15. After participating
in MATH 180, students scored an average of 218.71 points higher on the MI, a large3 improvement.

Because comparison students did not complete an MI assessment, only MATH 180 students are included in this analysis.
The average amount of improvement can be classified as large to very large based on the calculated effect size (d = 1.15) (Cohen, 1988; Sawilowsky, 2009).
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CONCLUSION
A sample of students in Grades 5–8 who received MATH 180 during the 2016–2017 school year in Hardin
County Schools was compared to a statistically equivalent sample of students who did not participate
in MATH 180 in the same district. The findings showed that MATH 180 students made significantly
greater gains than the comparison students on NWEA MAP scores. Additional analyses of subgroup
differences on NWEA MAP scores also revealed significant findings. Specifically, MATH 180 special
education students made significantly greater gains on NWEA MAP than comparison special education
students, and MATH 180 non-special education students made significantly greater gains on NWEA MAP
than comparison non-special education students. Further, these MATH 180 effects were significantly
greater for special education students than for non-special education students. A similar subgroup
analysis conducted on high versus low MATH 180 implementers as defined by number of MATH 180
sessions revealed a MATH 180 effect (i.e., a significant difference between MATH 180 and comparison
students) on NWEA MAP score gains for high implementers but not for low implementers. A test of the
interaction—difference in MATH 180 effects between high and low MATH 180 implementers—was not
significant. Analyses of MI scores were also conducted for MATH 180 students only and revealed that
those students made significant gains on the MI between fall 2016 and spring 2017.

REFERENCES
Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: Lawrence
Erlbaum Associates, Publishers.
Sawilowsky, S. S. (2009). New effect size rules of thumb. Journal of Modern Applied Statistical Methods,
8(2), 597–599.

7

hmhco.com

hmhco.com

R E S E A R C H
RESULTS:

R E S E A R C H
FOUNDATIONS:

Early Outcomes

®

HMH Research
Publications
Research Into
Practice Into
Results

Rejecting

the complacency of “good
enough”, used the resources
guidance of the international center
and the SPN to identify significant
hmhco.com

Research Foundations
Research Foundations papers,
which include the Evidence and
Efficacy papers, provide an indepth account of the theoretical
underpinnings, evidence base,
and expert opinions that guide the
design and development of new
and revised programs. Research
Foundations map known research
and design principles to practical
applications of the program.

hmhco.com

Research Results papers document
the efficacy of a program in terms
of Gold level studies (strong
evidence), Silver level studies
(moderate evidence), and Bronze
level studies (promising evidence).
At HMH®, program efficacy is
monitored closely and continuously
in a variety of settings, including
varying geographical locations,
implementation models, and
student populations.

hmhco.com

opportunities to provide its students

R E S E A
R Ctechnical
H
with the academic
and
skills
STUDY
needed to CASE
successfully
transition
HMH SERVICES
from high school to college or the
workplace. The International Center
ProfessionalLQHS in developing
and SPN assisted
Services
programs, courses,
and instructional
support to improve performance
on the CAHSEE. By adding rigor and

Research Results including
Efficacy Compendiums

R E S E A R C H
PROFESSIONAL
PAPER:

R E S E A R C H
TECHNICAL
GUIDE

Striving Readers

relevance to instruction

and motivating students, LQHS helped
ensure that all students acquire
skills they will need for success in
college, career, and beyond.
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Research Case Studies

Research Professional Papers

Research on Assessments

Research Case Study papers
showcase research that is primarily
qualitative and/or anecdotal.
Research Case Study papers
may profile a particular educator,
student, implementation, or special
population of students. Research
Case Study papers strive to provide
more context for understanding
programs in practice.

Research Professional Papers are
typically authored by an expert in
the field and highlight an important
theoretical construct, practical
application, program component,
or other topic related to learning
in the context of HMH programs.

Research Assessments such as
the Technical Guide accompany
the release of a stand-alone
assessment to demonstrate its
reliability and validity. Technical
Guides and supporting papers are
periodically updated as additional
reliability and validity evidence
is collected in support of an
assessment’s use and functionality.

RESEARCH
RESULTS PAPER

MAP® and NWEA® are registered trademarks of NWEA public benefit corporation. MATH 180®, Math Inventory®, Houghton Mifflin Harcourt®, The Learning Company™, and HMH® are trademarks or registered trademarks of
Houghton Mifflin Harcourt. © Houghton Mifflin Harcourt Publishing Company. All rights reserved. 11/18 WF653882
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