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executive summary
new Classrooms Innovation Partners was awarded an Investing in Innovation (i3) grant from 
the u.S. Department of Education to implement its Teach to One: Math (TtO) model in five 
schools in Elizabeth, nj for three academic years, beginning in September 2015 and continuing 
through june 2018. The Consortium for Policy Research in Education (CPRE) at Teachers 
College, Columbia university, recently concluded a four-year evaluation of these efforts. The 
evaluation had two primary strands: 1) a methodologically rigorous quantitative study of TtO’s 
impact on student mathematics performance; and 2) a systematic qualitative analysis of TtO’s 
implementation processes, combined with yearly new Classrooms and school staff interviews, 
student focus groups, and classroom observations in each of the five TtO schools. This report 
describes the results of the first strand, focusing exclusively on the quantitative impact results.   

data and methods
Our analyses employed a sample of 36,158 student-level measurements, nested within 209 
school-by-year cohorts, located within five TtO schools and a demographically and academically 
comparable group of 16 non-TtO schools, all in Elizabeth, NJ. Although a small number of fifth 
graders participated in TtO, our analyses focus solely on sixth, seventh, and eighth graders in 
these K-8 schools. The data include student demographic measures and test scores for seven 
years prior to the i3 implementation and three years of data from the implementation period. 
Our primary analyses entailed a comparative interrupted time series (CITS) approach (also 
known as the difference-in-differences technique). We used these models to compare changes 
in state-mandated standardized test scores among TtO schools before and after program 
implementation to the changes in outcomes among a similar group of schools in Elizabeth that 
did not implement TtO during the same period. 

Findings
Performance patterns across the five TtO treatment schools were quite inconsistent, and the 
TtO estimates for each of the three implementation years were statistically non-significant. We 
found similar results using a measure indicating the combined (averaged) three-year impact 
and models that excluded a number of relatively higher-achieving control schools. Importantly, 
however, during the implementation period, participating TtO schools in Elizabeth asked for 
a variety of program configurations and alterations. Specifically, different schools requested 
adjustments that either emphasized or deemphasized the extent to which their students received 
grade-level mathematics content. This heterogeneity in both outcomes and the specific nature 
of the treatment itself leaves us unable to draw generalizable conclusions, positive or negative, 
regarding TtO’s impact on student mathematics performance as measured by state-mandated 
grade-level assessments. 
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limitations
These results come from a single school district, with a particular set of teachers in a single 
three-year implementation period. TtO may well have had different results—either positive or 
negative—in a different context at a different point in time. and, although the models accessed 
over 36,000 student-level test scores and seven years of prior achievement data, the analyses 
still include only five treatment and 16 control schools. While adequate from an analytical 
perspective, our ability to identify statistically significant treatment effects that were modest in 
size—again, either positive or negative—was somewhat limited by the school sample size.  

Readers should bear in mind an additional factor when interpreting these results, or indeed the 
results of any study of personalized learning that employs standardized test scores as outcomes. 
a central characteristic of TtO is that students who are missing foundational math skills are 
provided the time and space to experience below grade-level content. One result of this dif-
ferentiation is that TtO and non-TtO students with the same initial test scores likely receive 
quite different mathematics content during the academic year. Because TtO students may 
receive content that is below grade-level, their performance on state-mandated, grade-level 
standardized assessments may lag behind their non-TtO peers who are being exposed to new, 
grade-level skills over the course of the academic year. This would be the case regardless of 
whether non-TtO students possess the fundamental skills needed for long-term success in 
mathematics. In other words, mere exposure to increased amounts of grade-level content—
although possibly inappropriately advanced—may provide a near-term impact on grade-level 
assessments. But it may not be the best approach for all students in the longer term. 

A final consideration is that the TtO model continues to evolve. Its design elements and 
algorithms are not fixed and can presumably improve over time. As such, it is unclear the 
extent to which the model examined during this implementation period in Elizabeth, nj is 
representative of the TtO model currently being used in schools today. In sum, these analytic 
complications, which would likely be common to many evaluations of personalized learning 
models, obviously warrant further consideration. 

conclusions
TtO is a blended learning intervention that represents a fundamental disruption of traditional 
classroom processes. Indeed, it is a unique and distinct approach to mathematics teaching and 
learning. unlike so many other educational reforms, TtO is a deep reform that seeks to directly 
influence the instructional core and to improve how students and teachers interact around 
academic content. Moreover, its focus is middle school mathematics, which has received far 
less research attention, particularly compared to the elementary grades. Future research should 
continue to explore TtO’s promise, and seek to establish its effectiveness in other contexts and 
with different implementation and evaluation strategies. 
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Final impact results From the i3 
implementation oF Teach To one: MaTh

background
Practitioners and researchers have long explored the appropriate way to manage academic 
diversity in the classroom (Corno, 2008). Because students in the u.S. are typically grouped 
into same-age classrooms regardless of academic background, teachers confront a tremendous 
amount of variability in student skills. Indeed, despite considerable stratification and segregation 
across schools and classrooms, nationally representative data suggest that almost 62% of 
variability in fifth-grade mathematics ability remains within classrooms, with the additional 
variability split relatively evenly between classrooms in the same school and between schools 
(Martinez, Stecher, & Borko, 2009). Such academic diversity has historically been handled via 
ability grouping in the lower grades (Barr & Dreeben, 1983; Pallas, Entwisle, Alexander, & Stluka, 
1994) and curricular differentiation and “tracking” in the upper grades (Lee & Ready, 2009; Oakes, 
1985). unlike these traditional approaches, which typically do not serve low-achieving students 
well, advocates have instead argued for “adaptive instruction” (Snow, 1980) and “personalized 
learning” approaches (Gates Foundation, 2014), which seek to respond to individual students’ 
needs amidst the diversity of the collective social classroom environment (Corno, 2008). Similar 
to Vygotsky’s (1978) “zone of proximal development,” personalized approaches aim to situate 
students in cognitive spaces that are slightly beyond their current skills, and “scaffold” their 
learning by concentrating efforts into more manageable sets of tasks (Bruner, 1978).

although various efforts to personalize learning have existed for decades, technological 
innovations over the past several years have made it much easier to individualize instruction 
based on each student’s level of content mastery and developmental trajectory (Wolf, 2010). 
These contemporary approaches entail individualized and personalized learning plans based 
on student-level data, recognize progress that is based on demonstrated knowledge rather than 
seat time, and employ multiple and flexible pedagogical and learning environments (Gates 
Foundation, 2014). With the assistance of “blended learning” approaches, which combine 
computer-based and live teacher-directed instruction, instructional models that incorporate 
personalized learning approaches have been implemented in hundreds of schools across the 
u.S. 
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teach to one: math
One such program that involves both personalization and blended learning is Teach to One: 
Math (TtO), developed by new Classrooms Innovation Partners. TtO currently serves students 
in 39 charter and traditional public schools across 11 states. TtO has been highlighted in the 
new york Times, Wall Street journal, the atlantic, and Time Magazine, which named an earlier 
version of the program as one of the top 50 “inventions of 2009.” at a recent conference, Bill 
Gates referred to TtO as “the future of math” (newcomb, 2016). TtO is often cited by technology 
advocates and reformers as one of a small number of archetypal examples of technology-based 
personalized learning. TtO redesigns classroom instruction in an attempt to match students 
with the specific content that best supports their academic growth. The key design features 
of the program have remained largely consistent since its inception in 2009 as a summer pilot 
program called “School of One” within the new york City Department of Education. Central to 
the program is the “skills map,” which outlines the roughly 300 discrete skills that students must 
master and the dependencies among them. a second component is each student’s individual 
learning profile, which is initially generated from a baseline assessment administered at the 
start of the year, then updated frequently (often daily) based on student performance. 

TtO physically reorganizes the learning environment into one large room containing multiple 
teachers and students from different classes simultaneously, at times including students from 
multiple grade levels. upon entering the room, students meet in their Math advisory (Ma) 
sections, open personal laptop computers, log into the TtO online portal, and consult their 
personal “playlists,” which tell them what content they will be learning that day and how they will 
be learning it. The program incorporates a variety of learning modalities, including independent 
work, peer-to-peer learning, and traditional teacher-led instruction. Large TV screens around 
the classroom direct students to a designated area designed for their first assigned modality. 
although TtO provides teachers with instructional resources to use in teacher-led modalities, 
teachers may customize them or use different materials of their own design if they so choose. 
The TtO period is split into two, approximately thirty-minute sessions. After the first session, 
students again consult the large TV screens and report to a different area of the room for their 
second modality and skill assignment for the period. at the end of each day, students return to 
their Ma sections to take a short, multiple choice “exit ticket” to determine their mastery of 
that day’s content. The program then uses the exit ticket results to update students’ individual 
learner profiles and determine their assignments for the next day.
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Prior Studies
TtO has not previously undergone a rigorous impact evaluation. However, several studies 
evaluated the earlier version of TtO, known then as School of One. The nyC DOE received an 
i3 grant to expand School of One into four new york City middle schools during the 2012-13 
and 2013-14 school years. Evaluators conducted a cluster randomized controlled trial with four 
treatment and four matched control schools. Findings from the study indicated no statistically 
significant impacts of the program on either New York State standardized assessments or 
the northwest Evaluation association’s Measures of academic Progress (MaP) assessment 
(Rockoff, 2015). However, the study encountered considerable implementation problems, such 
as the loss of several months of participation due to severe Hurricane Sandy damage and a 
non-compliant treatment school. As the study’s author suggested, these null findings should, 
therefore, be interpreted with caution. an even earlier evaluation involved three new york City 
School of One pilot schools and a comparative interrupted time series (CITS) design during 
a single implementation year (2010-11). The study authors reported considerable outcome 
heterogeneity across schools, concluding that it was “impossible to draw definitive conclusions 
about the overall effectiveness of the program or the conditions under which it might be more 
effective” (p. ES-3; Cole, Kemple, & Segeritz, 2012). It is important to bear in mind that this 
study explored a much earlier version of TtO. More recently, a descriptive report using data 
from all seven TtO schools operating in 2012-13 and all fifteen operating in 2013-14 found 
that students attending TtO schools exhibited gains that surpassed national nWEa MaP norms 
(Ready, 2014). However, as the author noted, such an approach clearly cannot establish the 
causal impact of TtO on student mathematics performance, given the unknown comparability 
of comparison students and schools that constituted the national sample.

the tto model in elizabeth, nJ 
Even with the exposure to grade-level skills that is built into the TtO algorithm, many districts 
and schools request additional adjustments to either emphasize or deemphasize grade level 
content. In the first two years of this study, nationally across all TtO schools, these adjustments 
came in the form of “floors” which limited the content that students had access to. For example, 
students needing skills that were two years below their effective grade level could access that 
skill only if the floor was set at two or more years below grade level. Similarly, some schools 
asked that TtO incorporate “ceilings” that limited how far ahead students could go in relation to 
grade level standards. While some students were fully capable of accelerating into above-grade 
content, particular schools and districts preferred that such students instead review and deepen 
their understanding of grade level material. Finally, in addition to these changes, some schools 
requested a more focused “test-prep” period during the weeks directly prior to the administration 
of high-stakes state assessments.  This further prioritized grade level material above and beyond 
the floors and ceilings that may have been imposed throughout the school year.
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In Elizabeth, over the first two years of implementation, the incorporation of floors and ceilings 
based on school and district preferences varied widely across schools, semesters, and even 
across grade level cohorts within schools. However, an overall floor was imposed at all Elizabeth 
schools at three years below grade level (although many students began the school year below 
that level).  In addition, during the first year of implementation two out of the five TtO treatment 
schools requested a test-prep period of five to six weeks where students worked exclusively on 
grade-level content. In the second year, four of the five schools opted for this test-prep period. 

In the third and final year of implementation, and in part based on the learnings from Elizabeth, 
New Classrooms provided more structure to the disparate set of floors and ceilings that schools 
and districts requested, and created a set of “Outcome Strategies” to pilot in select schools. One 
option mirrored the traditional test-prep window many schools previously employed: students 
were allowed to work up to three years below their registered grade for the majority of the 
year, but were abruptly moved to grade-level skills for the last four to six weeks before the 
state assessment administration. In addition to this approach, new Classrooms developed two 
other Outcome Strategies. In one approach, grade level floors were gradually introduced over 
the school year to avoid an abrupt shift to grade level skills at the end of the year. In another, 
students began each unit with grade level skills and were only moved to specific below-grade 
content if they were missing the foundational skills necessary to grasp specific grade-level 
content. Two Elizabeth schools employed this model during the third year of implementation.

Lastly, it is important to note that in new jersey, districts have the option of focusing the 
eighth-grade and end-of-year testing on either the eighth-grade state standards or algebra 
(which includes more advanced mathematical concepts than the eighth-grade standards). 
Elizabeth chose the latter for its eighth graders, and thus for purposes of TtO, “grade-level skills” 
were defined as those skills that relate to Algebra. This choice may be appropriate for those with 
the requisite predecessor knowledge. But for other students, skipping over the eighth-grade 
curriculum may have further exacerbated the gap between their zone of proximal development 
and the content they received in Teach to One. 

data and methods

the implementation context
These analyses employed student-level data from five treatment and 16 comparison schools in 
Elizabeth, new jersey, a high-minority enrollment, high-poverty school district within the new 
york City metropolitan area. In Elizabeth, 26 K-8 schools and six high schools serve approximately 
23,000 students, 90% of whom are either black or Hispanic, with a similar proportion eligible 
for free or reduced-price lunch. Over 13% of students are enrolled in bilingual classes. new 
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Classrooms worked with the district to identify a subset of treatment schools that met two 
criteria. First, the schools were willing to participate in the implementation for the full three-year 
study period. Second, the schools were required to have the physical/structural capacity to 
combine several classrooms into one large TtO space, or were willing to devote an existing 
large space to TtO during TtO instructional time (as one school did with its media center). as 
we describe below, the process produced a set of treatment and control schools there were quite 
well matched in terms of student academic and socio-demographic backgrounds. additionally, 
given that TtO is a “deep” intervention, with a substantial investment in infrastructure and 
technological components, there was no cross-school contamination of the TtO model to other 
non-TtO schools. In other words, replication at other sites within EPS was not possible without 
the support of new Classrooms. 

The fact that both TtO and comparison schools are drawn from the same relatively homogeneous 
district supports our ability to make claims about TtO’s impact on student achievement. To 
further ensure comparability, we eliminated two district-wide gifted and talented schools and 
three schools that were using TtO but were not involved in the i3 implementation. The resulting 
sample of five TtO and 16 control schools was quite balanced in terms of student characteris-
tics in the years prior to TtO implementation. However, to test the robustness of the impact 
estimates, we also constructed a series of models that eliminated six higher-performing control 
schools. We report the results of all models from both samples below.  

The five treatment schools implemented TtO in grades 6-8 for all three implementation 
years. During the first two years, three TtO schools also had fifth graders participate; however, 
during the third implementation year, one of these three schools dropped fifth grade from the 
implementation. Given the unequal treatment of fifth grade during the study period (and the 
attendant reduction in fifth-grade sample sizes), we eliminated fifth grade students in both the 
treatment and control schools from our analyses and focused exclusively on grades 6-8.  

comparative interrupted time series models
To provide evidence of the extent to which TtO improves student learning in mathematics, 
we used a comparative interrupted time series (CITS) approach (Bloom, 2003; Shadish, Cook, 
& Campbell, 2002), with state-mandated standardized assessment scores as outcomes. These 
models were constructed within a multi-level framework (see Raudenbush & Bryk, 2002) with 
students nested within school cohorts, which were nested within schools. Within the context of 
the current evaluation, the CITS approach compared changes in outcomes among TtO schools 
before and after program implementation to the changes in outcomes among a similar group 
of schools that did not implement TtO in Elizabeth during the same period. We employed a 
multi-level baseline means model, which reduces sensitivity to noise in student achievement 
and reduces the risk of misspecified slopes (see Bloom, 2003). 
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The model can be described as:

Level-1 (students): Yijk = π0jk + π.jk (Xij ) + eijk 

Level-2 (cohorts): π0jk = β00k + β01k (TrtYr1jk ) + β02k(TrtYr2jk ) + β03k(TrtYr3jk ) + β0.k(Xjk ) + r0jk

Level-3 (schools):  β00k= γ000 + γ001 (TtOk ) + u00k

                β01k= γ010 + γ011 (TtOk ) 

                                     β02k= γ020 + γ021 (TtOk ) 

                                     β03k= γ030 + γ031 (TtOk ) 

where:  Yijk = test score for student i in cohort j in school k

  Xij  = a vector of student covariates, centered around their within-cohort means

  eijk  = the error term associated with child ijk, assumed to be normally distributed 
           with a mean of zero and a constant Level-1 variance, σ2

  TrtYr1jk = 1 if treatment year 1 (2015-2016 academic year), 0 if pre-treatment year   
             (2008/09-2014/15 academic years)

  TrtYr2jk = 1 if treatment year 2 (2016-2017 academic year), 0 if pre-treatment year   
               (2008/09-2014/15 academic years)

  TrtYr3jk = 1 if treatment year 3 (2017-2018 academic year), 0 if pre-treatment year   
               (2008/09-2014/15 academic years)

  Xjk = a vector of cohort (within-school) covariates (aggregates of student-level measures),  
                centered around their within-school means

  r0jk = error associated with cohort j in school k

  γ000 = the mean for comparison (non-TtO) schools during pretreatment years  

  γ001 = the average difference between TtO and non-TtO schools for pretreatment years

  u00k = error associated with school k

  γ010 = the average difference between pretreatment and year 1 for the comparison 
          schools  
  γ011, γ021, and γ031= our focus: the separate treatment effects for year 1, 2 and 3 (the 
  difference-in-differences estimators). We also ran a series of models with a single 
  treatment indicator (i.e., the combined TtO effect in years one through three).

The CITS models leveraged seven years of prior student-level achievement and socio-demo-
graphic data. as in many states, new jersey’s school accountability system has experienced 
considerable flux over the past several years, with changing standardized assessments over time. 
The models presented here employed data from two large-scale mathematics assessments. For 
pre-test academic years 2008-09 through 2013-14, we used student-level results on the new 
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jersey assessment of Skills and Knowledge (njaSK).1 Beginning with the 2014-15 academic year, 
new jersey adopted assessments organized by the Partnership for assessment of Readiness for 
College and Career (PaRCC).2  For pre-treatment year 2014-15, as well as all three treatment years 
(2015-16, 2016-17, and 2017-18), we used the student-level PaRCC scale scores as outcomes. all 
test scores were standardized (z-scored) within year and grade. Data were received directly from 
EPS. 

Covariates
Student-level covariates for the CITS models included gender (female=1, male=0), limited 
English proficiency (LEP) special education status (yes=1, no=0), and separate indicators of race/
ethnicity (black, Hispanic and Asian/Pacific Islander students, all compared to white students). 
We also incorporated separate measures of free- and reduced-price lunch status (yes=1, no=0), 
mobility (student changed schools at any point during grades 5-8; yes=1, no=0), and grade level 
(sixth and eighth, compared to seventh). The cohort-level (Level-2) models included aggregate 
indicators of these student-level measures (except grade) to capture changes in student social 
and academic background characteristics over time within schools. at the school-level (Level-3), 
the sole indicator is whether the school participated in TtO. The student-level and cohort-level 
measures were group-mean centered within the CITS models (analogous to fixed effects). There 
was virtually no missing covariate data. Students missing test score outcomes were eliminated 
from the sample.3 

results
Table 1 provides baseline descriptive information on student socio-demographic and academic 
characteristics across TtO and non-TtO comparison schools prior to the first implementation 
year (pre 2015-16). although all models employed covariate adjustments, it is important that 
the treatment and control schools be as similar as possible on all pre-treatment indicators. This 
is indeed what Table 1 suggests, with no substantively or statistically significant differences in 
student background characteristics between students enrolled in TtO and non-TtO schools. all 
schools had somewhat larger proportions of male compared to female students, and LEP and 
special education enrollments were roughly 8-12% of school enrollments. These schools also 
served high-poverty student clientele, with roughly three out of four students eligible for free- 
or reduced-price lunch, and a largely non-white student demographic, with black and Hispanic 
students constituting roughly 90% of school enrollments.

1 For more information on njaSK, see www.nj.gov/education/assessment/es/njask/
2 For more information on PaRCC, see www.parcconline.org/about
3 Fewer than 9% of cases were missing test scores, including students not enrolled in an EPS school during the 

testing period. 
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To establish baseline equivalence in prior mathematics achievement, we constructed a reduced 
(unadjusted) form of the multilevel CITS model described above that employed only pre-im-
plementation years as outcomes and the TtO school-level indicator as the sole predictor. The 
estimates from these models, which are also presented in Table 2, indicate no statistically 
significant difference in student mathematics achievement between TtO and non-TtO schools. 
We also constructed a fully adjusted version of this baseline model, which produced virtually 
identical estimates. This is unsurprising, given the good pre-treatment covariate balance across 
TtO and non-TtO schools. 

Table 1. Baseline (Pre-Treatment) Academic and Socio-Demographic 
              Characteristics for TtO and non-TtO Students

TtO Schools 
(n=5)

Non-TtO Schools 
(n=16)

Baseline Measurements (n=5,297) (n=19,379)

% Female               47.3                  48.7

% Limited English Prof.               11.6                    8.9

% Special Education               11.4                    9.2

% Free Lunch               73.6                  77.9

% Reduced-Price Lunch                 9.7                  10.3

% Mobile               19.5                  19.0

% Asian                 2.5                    1.3

% Black               22.6                  22.6

% Hispanic               64.4                  68.6

Baseline Math Ach. (z-scored)              -0.17                  0.04
No differences significant at the p<.05 level. Full sample (including implementation years) includes 
36,158 student-level measurements nested within 209 school-by-year cohorts, within five TtO and 
16 non-TtO schools. 

Figure 1 below displays standardized test score means for students in both TtO and non-TtO 
schools. In the years prior to TtO implementation, student mathematics achievement in TtO 
and non-TtO schools was quite constant, fluctuating only slightly within a very narrow range. 
The somewhat higher rate of variability among TtO schools across years is explained largely by 
the smaller number of treatment compared to control schools. The dotted lines in each figure 
represent the mean performance of TtO and non-TtO schools prior to TtO implementation 
projected into the implementation years. Note that TtO school performance in the first 
implementation year was (at least visually) somewhat higher than what was predicted based on 
the trend-line established using TtO school prior performance; in year two it was slightly below; 
and in year three, TtO school performance was roughly where it was pre-implementation. The 
CITS models compare differences in scores among TtO schools pre- and post-implementation, 
to the differences in scores among non-TtO schools, pre- and post-implementation.   
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treatment group heterogeneity 
Achievement patterns differed both within and between the five TtO schools during the 
implementation period. Figure 2 displays school means for pre-treatment years on the far left 
of the figure, as well as mean mathematics achievement among TtO schools for each treatment 
year.4 Note that during the first implementation year (2015-16), performance for schools A, D, 
and E was quite close to average pre-treatment levels. However, performance among students in 
school C was below pre-treatment levels, while test scores in School B were above pre-treatment 
levels. after year two, achievement at Schools a, C, and D was stable from the prior year, while 
achievement at Schools B and E declined. With the final implementation year, School B and 
E recovered somewhat from the prior year decline, while Schools a and D experienced minor 
declines. But the anomaly here is obviously School C, whose mean achievement increased by 
roughly 0.6 standard deviations during the third implementation year. The explanation for a 
portion of this dramatic increase is relatively straightforward. For several years School C had 
served as (what the district termed) a “port of entry” school, meaning it enrolled substantial 
numbers of recent immigrant students, many of whom had limited English skills, as well as 
substantial numbers of students with limited histories of formal schooling. Due to this role, 
during the first two implementation years School C had LEP enrollments that averaged almost 
40%—three to four times the district school average—and free-lunch rates over 50%. In the 
third implementation year, however, the school no longer served in this capacity. as a result, the 

4 The patterns are very similar whether we use the average of pre-implementation years for each school for the 
initial baseline markers on the far left (as we did here) or only data from the 2014-15 school year.
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school’s LEP enrollment declined precipitously to only 4.4%, and fewer than 30% of students 
were free-lunch eligible. as we describe below, we ran a series of alternative models to determine 
the extent to which this school influenced our results.  

We also explored whether the slightly different permutations of the TtO model implemented 
in Elizabeth explained these differential outcomes among the five TtO schools. Table 2 below 
summarizes the different approaches schools used in terms of grade-level content (as described 
above). When we map the strategies in Table 2 onto the achievement patterns in Figure 2, we 
find no relationship—variability across schools in the content delivery strategy was unrelated 
to these achievement patterns. For example, of the three schools that did not have a test-prep 
period during the first implementation year, performance at one school rose slightly (School 
A), declined considerably at another (School C), and was essentially flat at the third (School 
E). In implementation year 2, scores at the sole test-prep school (School B) declined, while 
mean scores at three of the four non-test-prep schools were essentially flat (Schools A, C, 
and D), and performance at School E declined. Recall that new Classrooms staff changed the 
content approach in the third year, eliminating the notion of test-prep rounds. In the final 
implementation year, Schools a and E both used the same strategy (Outcome Strategy B.2), 
but performance at one school increased (School E) while it decreased at the other (School a). 
among the schools using the second strategy (Outcome Strategy aB.2), performance at one 
school increased (School B) and decreased at another (School D). as noted above, performance 
at School C in year three was strongly influenced by a changing student clientele.  
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Table 2. Test Prep Period Usage and Outcome Strategy by School and Year 
2015-16 2016-17 2017-18

School A No Test Prep Period Test Prep Period Outcome Strategy B.2

School B Test Prep Period No Test Prep Period Outcome Strategy AB.2

School C No Test Prep Period Test Prep Period Outcome Strategy AB.2

School D Test Prep Period Test Prep Period Outcome Strategy AB.2

School E No Test Prep Period Test Prep Period Outcome Strategy B.2

cits results
This section presents the results of the comparative interrupted time series (CITS) models, our 
primary analyses establishing the impact of TtO on student mathematics performance. The 
first column in Table 3 indicates the unadjusted TtO treatment effects for each of the three 
treatment years, represented by the cross-level treatment year by TtO interaction terms. The 
direction and magnitude of the estimates here mirror exactly the V-shaped pattern of TtO school 
performance shown descriptively above in Figure 1, where TtO school test scores were (at least 
visually) above trend in year one, slightly below trend in year two, and essentially at trend in 
year three. Indeed, this is the picture portrayed in the first column. TtO estimates in years one 
and three are statistically non-significant and quite close to zero, with a slightly larger (but still 
statistically non-significant) negative estimate for year two. The estimates in the second column 
are adjusted for student academic and socio-demographic background characteristics, as well 
as aggregate indicators of these characteristics at the within-school cohort level. although the 
adjusted TtO estimates here are slightly larger (more negative) in year two and negative in year 
three, all of the yearly estimates remain statistically non-significant. In sum, the results of the 
CITS models were statistically non-significant in each of the three implementation years. 

We should also note that compared to Elizabeth Public School students in the same cohort 
within the same school, regardless of whether they participated in TtO, females slightly 
underperformed their male peers in mathematics, while language minority, special education, 
and free-lunch status were negatively associated with math achievement, all else equal. 
asian students generally exhibited somewhat higher mathematics performance compared to 
white students, while black and Hispanic students had lower average test scores compared 
to their white peers, even on an adjusted basis. The small, positive estimate associated with 
reduced-price compared to full-price lunch is more difficult to explain. To capture changing 
demographics within EPS schools over time, these models also included aggregate indicators 
of these student-level measures at the cohort level. Increased proportions of LEP, special 
education, and black students across cohorts within schools were negatively associated with 
student performance, even holding the student-level associations constant.   
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Table 3. CITS (Difference-in-Differences) Estimates of TtO Impact on Student Mathematics 
              Achievement in Elizabeth, New Jersey, Implementation Years One through Three

Unadjusted Adjusted

Students (Level 1)
Female --               -0.076 (0.009)***

Limited English Prof. --               -0.739 (0.015)***

Special Education --               -0.864 (0.016)***

Free Lunch1 --               -0.059 (0.014)***

Reduced-Price Lunch1 --                0.067 (0.020)**

Mobile --               -0.148 (0.013)***

Black2 --               -0.461 (0.021)***

Hispanic2 --               -0.170 (0.019)***

Asian2 --                0.197 (0.043)***

Sixth Grade3 --                -0.007 (0.011)

Eighth Grade3 --                 0.000 (0.012)

Cohorts (Level 2)
% Female --                 0.315 (0.320)

% Limited Eng. Prof. --                -1.443 (0.290)***

% Special Education --                -1.387 (0.328)***

% Free Lunch --                -0.574 (0.317)

% Red.-Price Lunch --                -0.922 (0.526)

% Mobile --                 0.114 (0.208)

% Black --                -1.006 (0.612)

% Hispanic --                -0.190 (0.548)

% Asian --                -1.709 (1.204)

Schools (Level 3)
Ever TtO   -0.168 (0.117)                -0.165 (0.117)

Trt. Year 1
     Intercept   -0.037 (0.045)                -0.019 (0.044)

     TtO     0.067 (0.093)                 0.062 (0.089)
Trt. Year 2
     Intercept    0.011 (0.044)                 0.026 (0.045)

     TtO   -0.082(0.091)                -0.113 (0.087)
Trt. Year 3
     Intercept   -0.008 (0.044)                 0.033 (0.051)

     TtO     0.030 (0.092)                  -0.170 (0.087)

Intercept    0.038 (0.057)                 0.038 (0.057)
*p<.05; **p<.01; ***p<.001. Standard errors are in parentheses. Outcome is z-scored (standardized) within grades and years. Sample 
includes 36,158 student-level measurements nested within 209 school-by-year cohorts, within five TtO and 16 non-TtO schools. 
1 Free and reduced-price lunch compared to full-price lunch students.
2 Racial/ethnic comparisons to white students.
3 Grades compared to seventh grade.
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Alternative Model Specifications
We also ran a series of alternative models. The first of these employed an indicator that captured 
the combined (averaged) three-year TtO treatment effect (see Table 4). As indicated in the first 
and second columns, both the adjusted and unadjusted combined three-year TtO estimates 
were close to zero and statistically non-significant. We constructed a second set of models 
in response to the dramatic change to the demographics in School C. These models removed 
this school from the sample. The results (not presented here) were nearly identical to those 
presented in Table 3, with no significant (positive or negative) TtO estimates in any treatment 
year.  

a third set of models eliminated six control schools with pre-implementation means above the 
upper bound of the highest-scoring TtO school (see Table 5). as above in Table 3, the Ever TtO 
coefficients here represent the estimated difference in mathematics achievement between TtO 
and non-TtO schools prior to the TtO implementation. Both the unadjusted and adjusted Ever 
TtO estimates are non-significant, as they were with the full sample, but the estimates here 
are closer to zero. This suggests a somewhat better pre-treatment balance with this reduced 
sample. However, the TtO treatment estimates for all three years, both adjusted and unadjusted, 
remain statiscially non-significant.
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Table 4. CITS (Difference-in-Differences) Estimates of TtO Impact on Student Mathematics 
              Achievement in Elizabeth, New Jersey, Implementation Years One through Three Combined

Unadjusted Adjusted

Students (Level 1)

Female --               -0.076 (0.009)***

Limited English Prof. --               -0.739 (0.015)***

Special Education --               -0.864 (0.016)***

Free Lunch1 --               -0.059 (0.014)***

Reduced-Price Lunch1 --                0.067 (0.020)**

Mobile --               -0.148 (0.013)***

Black2 --               -0.461 (0.021)***

Hispanic2 --               -0.170 (0.019)***

Asian2 --                0.197 (0.043)***

Sixth Grade3 --                -0.007 (0.011)

Eighth Grade3 --                 0.000 (0.012)

Cohorts (Level 2)
% Female --                 0.315 (0.320)

% Limited Eng. Prof. --                -1.443 (0.290)***

% Special Education --                -1.387 (0.328)***

% Free Lunch --                -0.574 (0.317)

% Red.-Price Lunch --                -0.922 (0.526)

% Mobile --                 0.114 (0.208)

% Black --                -1.006 (0.612)

% Hispanic --                -0.190 (0.548)

% Asian --                -1.709 (1.204)

Schools (Level 3)
Ever TtO    -0.168 (0.117)                  -0.165 (0.117)

Trt. Years 1-3
     Intercept                    -0.011 (0.029)                 0.011 (0.034)
     TtO X Trt. Yrs. 1-3                     0.005 (0.060)                -0.077 (0.059)

Intercept                       0.038 (0.057)                   0.038 (0.057)
*p<.05; **p<.01; ***p<.001. Standard errors are in parentheses. Outcome is z-scored (standardized) within grades and years. Sample 
includes 36,158 student-level measurements nested within 209 school-by-year cohorts, within five TtO and 16 non-TtO schools. 
1 Free and reduced-price lunch compared to full-price lunch students.
2 Racial/ethnic comparisons to white students.
3 Grades compared to seventh grade.
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Table 5. CITS (Difference-in-Differences) Estimates of TtO Impact on Student Mathematics   
          Achievement in Elizabeth, New Jersey, Implementation Years One through Three, Reduced Sample

Unadjusted Adjusted

Students (Level 1)
Female --               -0.067 (0.012)***

Limited English Prof. --               -0.771 (0.018)***

Special Education --               -0.876 (0.019)***

Free Lunch1 --               -0.031 (0.019)***

Reduced-Price Lunch1 --                0.122 (0.026)***

Mobile --               -0.130 (0.015)***

Black2 --               -0.450 (0.027)***

Hispanic2 --               -0.157 (0.025)***

Asian2 --                0.221 (0.053)***

Sixth Grade3 --                -0.014 (0.014)

Eighth Grade3 --                -0.001 (0.014)

Cohorts (Level 2)
% Female --                 0.301 (0.312)

% Limited Eng. Prof. --                -1.357 (0.305)***

% Special Education --                -1.259 (0.325)***

% Free Lunch --                -0.266 (0.378)

% Red.-Price Lunch --                -0.930 (0.612)

% Mobile --                 0.120 (0.212)

% Black --                -1.040 (0.637)

% Hispanic --                -0.475 (0.623)

% Asian --                -1.131 (1.292)

Schools (Level 3)
Ever TtO -0.019 (0.085)                -0.015 (0.086)

Trt. Year 1
     Intercept                   -0.037 (0.050)                -0.053 (0.048)

     TtO                   -0.019 (0.087)                 0.102 (0.083)
Trt. Year 2
     Intercept                    0.011 (0.049)                 0.068 (0.052)

     TtO                    0.078 (0.085)                -0.136 (0.083)
Trt. Year 3
     Intercept                   -0.008 (0.049)                 0.043 (0.055)

     TtO                   -0.086 (0.085)                -0.161 (0.082)

Intercept                    0.021 (0.049)                 0.022 (0.049)
*p<.05; **p<.01; ***p<.001. Standard errors are in parentheses. Outcome is z-scored (standardized) within grades and years. Sample 
includes 24,666 student-level measurements nested within 149 school-by-year cohorts, within five TtO and 10 non-TtO schools. 
1 Free and reduced-price lunch compared to full-price lunch students.
2 Racial/ethnic comparisons to white students.
3 Grades compared to seventh grade.
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conclusion and discussion
This study described the effects of Teach to One: Math (TtO) on student mathematics outcomes 
during a three-year implementation in Elizabeth, new jersey. Our primary causal analyses 
entailed a comparative interrupted time series (CITS) approach (also known as the differ-
ence-in-differences technique), with a sample of 36,158 student-level measurements, nested 
within 209 school-by-year cohorts, located within five TtO schools and a demographically and 
academically comparable group of 16 non-TtO schools, during the 2015-16, 2016-17, and 2017-18 
schools years. We used this technique to compare changes in state-mandated, grade-level 
standardized test scores among TtO schools before and after program implementation to the 
changes in outcomes among a similar group of non-TtO schools in Elizabeth. 

We found that performance patterns across the five TtO treatment schools were quite 
inconsistent, and the TtO estimates for each of the three implementation years were statistically 
non-significant. We found similar results using a measure indicating the combined (averaged) 
three-year impact and models that excluded a number of relatively higher-achieving control 
schools. Importantly, however, during the implementation period, participating TtO schools in 
Elizabeth asked for a variety of program configurations and alterations. Specifically, different 
schools requested adjustments that either emphasized or deemphasized the extent to which 
their students received grade-level mathematics content. This heterogeneity in both outcomes 
and the specific nature of the treatment itself leaves us unable to draw generalizable conclusions, 
positive or negative, regarding TtO’s impact on student mathematics performance as measured 
by state-mandated grade-level assessments. 

limitations
as with any impact study, despite the use of robust methods and data, our results should be 
interpreted in light of limitations related to both research design and program implementation. 
First, these findings come from a single school district, with a particular set of teachers in a 
three-year implementation period. These five schools represented only about 15% of the total 
number of schools implementing TtO nationally during this period. TtO may well have had 
different results—either positive or negative—in a different context in a different point in time. 
Second, although we had access to over 36,000 student-level test scores and seven years of prior 
achievement data, the study still involved only five treatment and 16 control schools. Although 
adequate from an analytic perspective, our ability to identify statistically significant treatment 
effects that are modest in size—again, either positive or negative—was somewhat limited.  

Readers should bear in mind an additional factor when interpreting these results, or indeed the 
results of any study of personalized learning that employs standardized test scores as outcomes. 
a central characteristic of TtO is that students who are missing foundational math skills are 
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provided the time and space to experience below grade-level content. One result of this dif-
ferentiation is that TtO and non-TtO students with the same initial test scores likely receive 
quite different mathematics content during the academic year. Because TtO students may 
receive content that is below grade-level, their performance on state-mandated, grade-level 
standardized assessments may lag behind their non-TtO peers who are being exposed to new, 
grade-level skills over the course of the academic year. This would be the case regardless of 
whether non-TtO students possess the fundamental skills that new Classrooms staff argue are 
needed for long-term success in mathematics. In other words, mere exposure to increased levels 
of grade-level content—although possibly inappropriately advanced—may provide a near-term 
impact on grade-level assessments. But it may not be the best approach for all students in the 
longer term. 

A final consideration is that the TtO model continues to evolve. Its design elements and 
algorithms are not fixed and can presumably improve over time. As such, it is unclear the extent 
to which the model examined during this implementation period is representative of the TtO 
model currently being used in schools today. In sum, these analytic complications, which are 
likely common to any evaluation of any personalized learning model, obviously warrant further 
consideration. 
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