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Abstract

To help secondary school students develop the mmatties skills and depth of knowledge by
integrating algebra and geometry concepts, alotig edta and statisti¢soughton Mifflin
Harcourt has published;ioughton Mifflin Harcourt Integrated Mathematics €2015for
students in grades 9 to.12

In order to evaluate the program’s effectiveneisyghton Mifflin Harcourt contracted with

the Educational Research Institute of AmericiERIA) to conduct a one semester study to test
the effectiveness of the program. The study waslected with secondary students in grades 9
to 12 during the second semester of the 2014/2648eaic year. A small number of grade 8
students also participated in the study.

Pretest and post-test assessments were developedetothe standards and content which the
teachers agreed to complete during the second samoéshe school year. Three teachers in one
school participated in the study. Each of the theaehers used a different level of the program.
The level 1 classes included students in gradesl8.tThe level 2 and level 3 teachers included
higher grade level students with level 3 being cosagl of mostly grade 11 and grade 12
students.

The teachers used the program as the primary coempohtheir mathematics instruction.
Teacher surveys showed the teachers used the prdgran average of 4.5 days per week and
about 40 minutes per class.

The results showed that th®ughton Mifflin Harcourt Integrated Mathematicsclasses made
statistically significant gains for all three lesaf the program over the course of the one
semester study. The effect size for the total g@iugiudents was large.

The total group was divided into two approximatetyual groups of high pretest scoring students
and low pretest scoring students. Analyses shohetdobth of these groups made statistically
significant growth with a large effect size for tlogv pretest scoring group and a medium effect
size for the high pretest scoring group. In faut, fower pretest scoring group increase their test
scores twice the increase of the higher pretesirgrgroup.

An independent analysis of each of the three Igkalps revealed that all three groups increased
their scores statistically significantly. The etfeze for level 1 was medium and for levels 2 and
3, the effect sizes were large.
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Overview of the Study

This report describes a 2015 one-semester wittestadn grades 9 to 12 to determine the
impact of theHoughton Mifflin Harcourt Integrated Mathematics €2015program for
secondary school students.

Houghton Mifflin Harcourt School Publishecentracted with th&ducational Research Institute
of America(ERIA) to conduct a one semester study duringsde®nd half of the 2014/2015
academic year study to determine the program’s&fness. Théloughton Mifflin Harcourt
Integrated Mathematics © 201&as the primary instructional program in the tryolatsses.

The program is described by the publisher on thegHton Mifflin Harcourt web site as follows:

Houghton Mifflin Harcourt Integrated Mathematics2,,3 offers an engaging and interactive
approach to covering new state standards. Thigytiuhovative high school mathematics
program is designed for today’s students with seamintegration of digital features for in-class
and on-the-go learning. Focused, balanced, andrage instruction encompasses the
philosophy and intent of the new state standards.

Houghton Mifflin Harcourt’s Integrated Mathematipsogram for secondary students:

* Helps prepare students for the Smarter Balance@gssaents through Houghton Mifflin
Harcourt's Personal Math Train& powered by Knewton™, a digital adaptive
assessment, intervention, and acceleration systatrptovides learning tools and real-
time feedback to students, and reports studenttssroom achievement to instructors

* Allows students to interactively explore new cote#rough the Explore Activities,
virtual manipulatives, Animated Math tutorials, ®altutorials, and Personal Math
Trainer’s scaffolded assessment support

* Reinforces the Common Core Standards with Teactigioks that provide Professional
Learning with a focus on teaching for depth, anmdtsgies for incorporating the
Mathematical Practices into every lesson, as welPeofessional Development videos.

» Delivers the next generation interactive digitali&nt Edition that works on all Internet-
enabled devices—including tablets and smartphon&grsavrite-in functionality and
note-taking capabilities, and contains point-of-lisk&s to Math On the Spot Video
Tutorials, Animated Math activities and simulatipasd Personal Math Trainer online
practice and help.
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Research Questions

The following research questions guided the desfghe study and the data analyses:

1. IsHoughton Mifflin Harcourt Integrated Mathematicseffective in helping
secondary school students develop the matheméiltssaand depth of knowledge by
integrating algebra and geometry concepts, alotig edta and statistics in each
course?

2. Is Houghton Mifflin Harcourt Integrated Mathematicseffective in helping higher
pretest scoring and lower pretest scoring studgaielop the mathematics skills and
depth of knowledge by integrating algebra and gepnwncepts, along with data
and statistics in each course?

Design of the Study

The program’s efficacy was evaluated using a prigtesttest design. The study took place
during the second semester of the 2014/2015 acadear in one school. The Level 1 and
Level 2 programs included students in grades 8n@8,10. The Level 3 program included
students in grades 10, 11, and 12. Each leveleoptbgram was taught by a different teacher.

Pre-tests and post-tests were administered ateifiaring and end of the semester. The test
were based on the assessments developed for dggdted Mathematics program. Each of the
three teachers indicated the program modules tlmeydabe teaching during the semester. Those
modules were used as the basis for each of the tasés. The instructional modules included the
following:

Level 1: Modules 7 to 13
Level 2: Modules 9 to 17
Level 3: Modules 9 to 13

The pretests and post-tests carefully matchedtémelards that were the focus of the identified
instructional modules. Pretest and post-test adnation was under the direction of the
classroom teacher. All tests were returned to ERIAcoring and analysis.

Timeline and Program Use

The teachers used thiughton Mifflin Harcourt Integrated Mathematicdext as their primary
instructional program. The teachers reported ugiegporogram an average of 4.5 days per week
and for an average of about 40-45 minutes per daythe entire semester. Pretests were
administered the beginning of January, 2015 anttggis were administered the end of May,
2015.
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Description of the Research Sample

Table 1 provides the demographic characteristithke@tchool included in the study. It is
important to note that the school data does notigeoa description of the make-up of the
classes that participated in the study. Howeverddita does provide a general description of the
school and, thereby, an estimate of the make-tipeotlasses included in the study.

Table 1
Demographic Characteristics of the School

%
Free/Reduced
School| State |Location| Grades [Enrollment| % Minority Lunch
1 WI Rural 9-12 1440 2204 42%

Description of the Assessments

The pretest and posttest used in the study werel@jgad to assess standards-based on the
literary analysis of various texts. Based on ttetaadards 40 item multiple-choice assessment
pre/post tests were developed focusing on mathesnskills and depth of knowledge by
integrating algebra and geometry concepts, alotiy déta and statistics

Table 2 provides the statistical results for thenigstration of the pretest and the post-test for a
three Integrated Math pretests and post-teststandvierages for the pretests and post-tests. The
KR 20 Reliability and the Standard Error of Measueat for the post-test indicates both the
pretest score results and the posttest score seseie reliable for arriving at decisions regarding
the achievement of the students to whom the tests administered.

Table 2
Pretest and Post-Test Test Statistics

Test Reliability* SEM**
Integrated Math 1 Pretest .59 2.68
Integrated Math 1 Post-test .68 2.56
Integrated Math 2 Pretest 84 2.95
Integrated Math 2 Post-test .79 2.28
Integrated Math 3 Pretest .63 2.88
Integrated Math 3 Post-test .63 2.88
Average Pretests .69 2.85
Average Post-tests .70 2.73

*Reliability computed using the Kuder-Richardsonf@inula.
** SEM is the Standard Error of Measurement.
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Data Analyses

Standard scores were developed in order to pravidere normal distribution of scores. The
standard scores were a linear transformation ofatvescores. A mean raw score was translated
to a mean standard score of 300 and the standaiatida of the raw scores was translated to
50. Standard scores were then used for the statisinalyses.

Data analyses and descriptive statistics were ctaddor the standard scores from the
Integrated Mathematicaissessments. TRe05 level of significance was used as the level at
which increases would be considered statisticadiigiBcant for all of the statistical tests.

The following statistical analyses were conducteddmpare students’ pretest scores to posttest
scores:

» For the total group of students across all 3 legéthe program a paired comparigen
test was used to compare the pretest mean stasclanes with the posttest mean
standard scores for all students. Standard scon@axasons were used to equate the
scores across the three levels.

» Descriptive statistics were also used to compagtept and post-test standard test scores
for the total group as well as the higher and lopretest score groups.

* The total group students was split into two grobi@sed on pretest scores. Paired
comparisort-tests were used with the group that scored highdrthe group that scored
lower on the pretest to determine if the programs egually effective with students who
had lower and higher pretest scores. As with the ggoup standard scores were used for
the comparisons.

» For each of the three groups, levels 1, 2, anciBe@ comparisotrtests were computed
for each group.

An effect-size analysis was computed for each efpired-tests. Cohen’d statistic was used
to determine the effect size. This statistic presgidn indication of thetrengthof the effect of
the treatment regardless of the statistical sigaifce. Cohen’d statistic is interpreted as
follows:

.2 = small effect
.5 = medium effect
.8 = large effect
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Analysis Results

Across All Three Levels

A paired omparisort-test to determine if the difference from preteahdard scores to posttest
standard scores for the total group of studentsstasstically significant. For this analysis,
pretest and posttest scores were matched forleofatd5 students. Students who did not take
both the pretest and the posttest were not includéte analysis.

Table 3 shows that the average standard scoreegorétest was 281, and the average standard
score on the posttest was 319. The increase wiasistdly significant £.0001). The effect size
was large.

Table 3
Paired Comparisont-test Results
Pretest/Posttest Comparison of Standards Scores

Number Mean Standard Effect
Test Students Score SD t-test | Significance| Size
Pretest 115 281 46.0
8.381 <.0001 .83
Posttest 115 319 46.1

Higher and Lower Scoring Students

An additional analysis was conducted to deternfiséudents who scored lower on the pretest
made gains as great as those students who scogjeet loin the pretest. For this analysis students
were ranked in order on the basis of their pretestdard scores. The group of 115 students was
divided into two approximately equal sized groupS§ofor the lower scoring students and 58

for the higher scoring students. The lower scohad a mean score of 247 with scores ranging
from 179 to 313. The higher scoring group scored\arage standard score on the pretest of 314
with scores ranging from 276 to 383.

Pretest-to-posttest comparisons are shown in Tafdethe lower and higher pretest scoring
students. Scores were analyzed using a paired cmopatest to determine if both groups
made significant gains

For both the higher and the lower scoring groups,average scores increased statistically
significantly €.0001). The effect size for the lower pretest sgpgroup was large and for the
higher pretest scoring the effect size was medlartine with those results, the data shows that
the lower pretest group increased 58 standard ganés and the higher pretest scoring group
increased 20 standard score points.
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Table 4
Paired Comparisont-test Results for Pretest/Posttest Standard Scores
for the High- and Low-Scoring Pretest Groups
Test Number Standard Effect
Form Students Score SD t-test | Significance | Size
Lower Scoring Group
Pretest 57 247 33.0
8.269 <.0001 1.35
Posttest 57 305 51.0
Higher Scoring Group
Pretest 58 314 29.5
4.014 <.0001 .62
Posttest 58 334 35.6

Figure 1 provides a pretest-to-posttest compardahe standard scores of the total group and
the lower and higher scoring pretest students.l@lwer scoring pretest group increased their
scores more than the higher scoring pretest gresydting in scores that showed a 67 point
difference at the beginning of the academic yedraaB9 point difference by the end of the
academic year.

Figure 1
Standard Score Increases for Students and for Subgups of
Lower and Higher Pretest Scoring Students
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Analyses for Each Program Level

ERIA conducted a pairecbmparisort-test to determine if the difference from pretéahdard
scores to posttest standard scores was statigt&ggiiificant for each of the program level
groups. These three analyses were somewhat praitdmaause the number of students in each
group was small. For Level 1, the pretest and pssftandard were available for 51 students.
For Level 2 the number of students was 41, andléoel 3, the total number of students was 23.
Students who did not take both the pretest angdistest were not included.

Table 5 shows that the average standard scorease@/eraged about 40 standard score points.
The increase was statistically significant fortatee programs. The effect size was medium for
the Level 1 program and large for the Level 2 aqudgjrams.

Table 5
Paired Comparisont-test Results
Pretest/Posttest Comparison of Standards Scores

Number Mean Standard Effect

Test Students Score SD t-test | Significance| Size
Level 1 Program
Pretest 51 282 43.9

5.223 <.0001 g7
Post-test 51 318 49.8
Level 2 Program
Pretest 41 279 47.7

5.637 <.0001 .92
Post-test 41 321 43.3
Level 3 Program
Pretest 23 281 49.2

3.369 <.003 .81
Post-test 23 319 441
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Conclusions

This study sought to determine the effectivenedsdanfghton Mifflin Harcourt Integrated
Mathematics © 2015a grade 9 to 12 mathematics program published mghkkon Mifflin
Harcourt. The study was carried out with secondahpol classes and included program levels
1, 2, and 3.

Each program level was taught by a different teadbiasses included students from grade 8 to
grade 12. The teachers were using the prograthédiirst time and received no special
instruction in using the program. Teachers usegtbhgram for an average of 4.5 days per week
and for about 40 minutes for each class.

Two research questions guided the study:

Question 1:Is Houghton Mifflin Harcourt Integrated Mathematicseffective in helping
secondary school students develop the matheméiltssaand depth of knowledge by integrating
algebra and geometry concepts, along with datastatistics in each course?

Pretests and post-tests were developed to matdtahdards of the Integrate Mathematics
program for Levels 1, 2, and 3. The assessmeneredwnly those units that teachers were
expected to complete during the second semesthe @014-2015 academic year. For the total
group of students across the combined group oestisdor each the three levels, statistical
analyses of students’ scores showed that the stidemeased their scores statistically
significantly and the effect size was large.

The sample size for each of the three program Igneelps was small. However, the results
comparing pretest to post-test scores producegtstat significance for each of the three
programs. The effect size for the Level 1 prograas wiedium while the effect sizes for both the
Level 2 and Level 3 programs were large.

Question 2:Is Houghton Mifflin Harcourt Integrated Mathematicseffective in helping higher
pretest scoring and lower pretest scoring studeetgelop the mathematics skills and depth of
knowledge by integrating algebra and geometry cptg;a@along with data and statistics in each
course?

The total group of all 115 students across alleéhesels of the program was sorted on the basis
of each students pretest score. The students vanedstowest on the pretest were considered the
lower performing group. While those students whared highest on the pretests were
considered the high scoring group.

A dependent samptetest was used to determine differences from piateto post-testing. The
results showed that for both groups the increasee statistically significant. For the lower
scoring group the effect size was large and foihigher scoring group the effect size was
medium. A comparison of the standard score pouregses showed that the lower scoring
group increased their average score by more thae tive average point increase of the higher
pretest scoring group.
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On the basis of this study, both research questiande answered positively.

» TheHoughton Mifflin Harcourt Integrated Mathematicss effective in helping
secondary school students develop the matheméiltssand depth of knowledge by
integrating algebra and geometry concepts, alotig edta and statistics in each
course?

» TheHoughton Mifflin Harcourt Integrated Mathematicss effective in helping
higher pretest scoring and lower pretest scoringesits develop the mathematics
skills and depth of knowledge by integrating algend geometry concepts, along
with data and statistics in each course?
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