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this study examines factors related to the sustainability of 
simcalc mathworlds (scmW), a technology-infused math-
ematics curriculum. We surveyed middle school teachers one 
year after their participation in a randomized trial where they 
were introduced to scmW curriculum, to identify factors 
related to their continued use of the materials in ways con-
gruent with the developers’ intent. Fifty-two percent of teach-
ers surveyed sustained their use of the scmW curriculum. 
Factors related to sustained use included student ses, pre-
intervention student mathematics ability, teachers’ perceived 
coherence and perceived utility of the intervention, and the 
active nature of the scmW professional development.
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We explore the sustainability of a technology-infused mathematics cur-
riculum intervention, where sustainability is defined as the continued use of 
the intervention in ways congruent with developers’ intent. the data report-
ed in this paper were collected one year after the completion of a multi-year 
experimental study of the impact on student learning from a replacement 
unit designed for middle-school mathematics. at that time, 52% of teachers 
who completed our survey were continuing to use the materials introduced 
as part of the experiment, while other respondents had chosen to abandon 
use of the intervention. this fact allowed us to investigate a key question in 
educational reform: What makes innovations sustainable? 

the particular replacement unit in this study provides a useful context 
for investigating this question, since its designers considered its potential for 
sustainability from the start. the software that supported the unit, simcalc 
mathworlds, was designed with the goal of democratizing access to con-
cepts related to the mathematics of change that are normally reserved for 
students of advanced mathematics, but which can be grasped much earlier 
by students with proper scaffolding (roschelle, Kaput, & stroup, 2000). 
to accomplish this, simcalc mathworlds (scmW) software uses innova-
tive graphing technologies and dynamic, multiply-linked representations 
that students can interact with as part of a restructured curriculum. scmW 
builds on extensive research in science and mathematics on the value of 
linked representations for student understanding (e.g., goldenberg, 1995; 
Kaput, 1992; Kozma, russell, Jones, marx, & davis, 1996). the curriculum 
units use the technology’s linked representations (e.g. graphs, animations, 
tables, functions) to support students in developing a robust, integrated, 
multi-faceted understanding of core middle school concepts (such as rates, 
proportionality, and linear functions) in ways that foreshadow those con-
cepts' further development in the sequence leading from algebra to calcu-
lus. For example, a key learning objective of one replacement unit was to 
enable students to understand how “rate” can be represented by slope in a 
graph, speed in an animated motion, a sequence of coordinated pairs of val-
ues in table, commonplace words like “fast” or “slow” in a story, and by m 
in the linear function y = mx + b. 

simcalc mathworlds was developed over many years through cycles of 
design-based research (hegedus & moreno-armella, 2008; moreno-armel-
la, hegedus & Kaput, 2008) that culminated in a recent experimental impact 
study that found that students in middle-grades classrooms using simcalc 
made significantly greater gains in learning about rate and proportionality 
than did students in control classrooms (http://www.kaputcenter.umassd.
edu/products/software; roschelle, shechtman, tatar, hegedus, empson, 
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Knudsen, et al., 2010). importantly, the team that organized the treatment 
condition in the experiment focused on more than preparing teachers to use 
the technological infrastructure they had developed. instead, they sought to 
develop a curricular unit in which technology use was integrated into a co-
herent sequence of rich mathematical tasks aimed at developing students’ 
understanding of complex mathematics (roschelle, Knudsen, & hegedus, 
2010). the unit included a student workbook, brief teacher notes, and soft-
ware files, which were correlated to the workbook pages. the unit also 
sought to address state standards in such a way that teachers could replace 
activities they would normally use to teach selected topics in rate and pro-
portionality; by doing so, the simcalc research team sought to make the 
unit as scalable and as sustainable as possible within that state’s policy envi-
ronment.

the goal of the research presented in this paper is to identify features of 
the replacement unit and teachers’ contexts that are related to its continued 
use after the conclusion of the experimental impact study. in this study, we 
define “sustainability” as continued use, and posit that factors related to the 
continued use of the intervention may speak to the larger question of what 
makes curricular innovations sustainable. 

THEoRETICal FRaMEWoRk

researchers have made steady progress in developing educational in-
terventions that combine curriculum materials in mathematics and science 
with integrated technological tools and teacher training to foster improved 
learning of standards-based content and to develop connections from grade 
level content to mathematics that will remain important throughout students’ 
lives. these interventions have been called “coherent curricula” (roseman, 
linn, & Koppal, 2008) or curricular activity systems (roschelle, Knudsen, 
& hegedus, 2010), and they are the carefully designed products of collabo-
rations between researchers and practitioners developed over multiple itera-
tions of design, development, and evaluation (Blumenfeld, Fishman, Kra-
jcik, marx, & soloway, 2000; cobb, confrey, disessa, lehrer, & schauble, 
2003). in mathematics, materials that function as replacement units for top-
ics reflected in standards have been tested in rigorous experimental studies 
and shown to be effective in supporting student learning of complex math-
ematical concepts (e.g., saxe, gearhart, & nasir, 2001; confrey, castro-Fil-
ho, & Wilhelm, 2000). 

an ongoing challenge to the success of replacement units such as the 
one that is the focus of this study is to create units whose impacts are sus-
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tainable, meaning that the teacher continues to employ the intervention in 
the manner intended by its designers and makes moves to “own” the inter-
vention such that it becomes a regular part of the instructional repertoire and 
does not remain a “special” departure from normal practice (coburn, 2003; 
Fishman, 2005; hall & hord, 1984). Part of the challenge is due to the di-
minished support associated with the completion of research: in “hothouse” 
research environments, support, funding, and encouragement is plentiful, 
but in everyday practice, teachers and schools have limited access to support 
for innovations and are subject to multiple competing demands (Fishman, 
marx, Blumenfeld, Krajcik, & soloway, 2004). in their planning and en-
actment, teachers must make choices about the continued use of innovative 
materials within their existing support structures and within the policy en-
vironment that includes pressures such as standardized high-stakes assess-
ment. the development of educative curriculum materials (davis & Krajcik, 
2005; Ball & cohen, 1999) represents one effort to embed the core ideas of 
curricular reform within curriculum materials, a potentially important move 
towards shaping teachers’ practice away from the immediate influence of 
developers. But the field is still early in its understanding of how such ma-
terials should be designed, and the more complex the teaching (e.g., inquiry 
vs. direct instruction), the more difficult it appears to be to communicate 
those core ideas in printed materials (crawford, 2000; Fishman & Krajcik, 
2003). 

related work on curriculum adaptation begins to explore how and why 
teachers adapt curriculum materials to their local contexts and to provide 
tools to shape adaptation to maintain consistency with designers’ intentions 
(lin & Fishman, 2006). one key finding from this work is that without sup-
port, teachers often make decisions about how to adapt curriculum materi-
als to fit with local constraints that are different than the choices curriculum 
developers might make given similar constraints, and these decisions result 
in adaptations that undercut the coherence of the curriculum. For example, 
many teachers, when faced with less time for enactment than called for in 
the materials, will omit activities such as a final capstone project in order to 
save time, even if that final project is considered crucial (by the curriculum 
designers) to students’ overall understanding of the materials (lin & Fish-
man, 2006). 

When coherent curricula are implemented in ways that are at odds with 
their original design, the strength of the interventions as measured under 
more ideal conditions of support is diminished. an example is carnegie 
learning, inc.’s cognitive tutor. the model for implementation of the cog-
nitive tutor calls for a combination of cooperative, face-to-face learning and 
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problem solving with an intelligent tutor. a number of small-scale experi-
mental studies in which implementation was supported by researchers found 
positive impacts on students’ explanations and transfer of knowledge (alev-
en & Koedinger, 2002; anderson, corbett, Koedinger, & Pelletier, 1995). 
the magnitude of effects on student learning in one of these studies (aleven 
& Koedinger) was over one standard deviation (+1.36). By contrast, a sub-
sequent study conducted in the field with multiple classrooms still found the 
program to boost achievement relative to a control group, but the magnitude 
of effects was much smaller (+0.23) (ritter, Kulikowich, lei, mcguire, & 
morgan, 2007). most of the teachers in this second study of the cognitive 
tutor were new to the intervention and half reported that they did not feel 
comfortable implementing the cognitive tutor for the first half of the school 
year. a challenge for the field is to develop high-quality interventions that 
are able to maintain positive outcomes despite well-documented hurdles to 
successful implementation common in school settings (Penuel & means, 
2005). 

the study of sustainability with respect to curriculum-based interven-
tions is still evolving, and there are not yet widely accepted frameworks or 
approaches to study sustainability. Part of the challenge is that, by defini-
tion, sustainability is something that occurs after the work of design and 
implementation, and therefore at a point in time where research funding 
has concluded and researchers have moved on to a different set of problems 
(Fishman, et al., 2004). even in the field of public health, where research on 
program implementation is much more mature than in education, research-
ers have commented that the study of “what happens after the research 
ends” (scheirer, p. 323) is not well-conceptualized. By studying the con-
tinued use of scmW materials after the formal research on implementing 
scmW has ended, we hope to contribute to understanding in this crucial 
area for research on educational innovation.

Below, we review prior research with respect to implementation of cur-
ricular innovations. We organize our review into categories or factors that 
we explore in this study, namely teacher expectations for their own students, 
teachers’ perceptions about the coherence of the innovation, and teachers’ 
perceptions about the utility of the innovation.

TEaCHER ExpECTaTIonS and MaTH InSTRuCTIon/aCHIEvEMEnT

apart from factors that are either intrinsic to an innovation or attributed 
to interventions by teachers, there is reason to believe that teachers’ percep-
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tions of their own students’ mathematics ability shape the kinds of instruc-
tion they think appropriate and are willing to enact. there is evidence of 
a relationship between expectations and achievement, as was found in the 
1988 national education longitudinal study (rowan, chiang, & miller, 
1997). analyses of survey data collected through the third international 
mathematics and science study (timss) indicate a distinguishing feature 
of u.s. teachers is their belief that conceptual teaching strategies in math-
ematics are more appropriate for high-achieving students than for low-
achieving students (desimone, smith, Baker, & ueno, 2005). 

this aspect of teacher belief may lead to a situation where “haves” get 
more and newer learning opportunities while “have nots” either stand still or 
lose what little they have to begin with. such an effect has been document-
ed in various areas of education (Walberg & tsai, 1983; stanovich, 1986), 
including mathematics (young-loveridge, 2005). if this were the case for 
scmW implementation, its curriculum developers would be especially 
troubled, because they developed scmW to enhance the accessibility of 
advanced mathematical concepts to all learners, and has been demonstrated 
to be effective at that goal across a range of studies (e.g., stroup, 2005). 
these and other developers of curricular innovations would want to be es-
pecially attuned to perceptions that lower-achieving students are not capa-
ble of learning advanced concepts, because it could explain a component of 
teacher decision making about whether materials are a good “fit” for their 
students, and thus whether they would choose to sustain the use of a par-
ticular innovation. it may also explain whether or not a teacher is likely to 
make adaptations in the implementation of an innovation that significantly 
alter the nature of the teaching strategies. For an innovation such as scmW, 
which is designed to foster greater access to important and readily-applica-
ble mathematical ideas among students, this is an important concern (Kaput 
& schorr, 2007; Kaput, 1994).

studies have also found a strong relationship between teachers’ beliefs 
about who should be in control of decision-making about mathematics ac-
tivity in the classroom, the nature of mathematics ability, and mathematics 
instruction (stipek, givvin, salmon, & macgyvers, 2001; Wilkins, 2008). 
even when teachers do believe in the potential value of conceptual teach-
ing in mathematics, teachers often perceive that standards and accountabil-
ity pressures make it difficult for them to implement these strategies with 
students (Bolden & newton, 2008), a phenomenon that we discuss further 
below as contributing to the construct we refer to as perceived coherence.
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pERCEIvEd CoHEREnCE

one way to describe teachers’ perceptions of an innovation is in terms 
of the innovation’s coherence. the first two authors explored coherence in 
relation to teachers’ perceptions of professional development for a K-12 
science education reform curriculum called global learning and observa-
tions to Benefit the environment (gloBe; Penuel, et al., 2007). our first 
explorations of coherence were inspired by the garet, et al. (2001) study of 
eisenhower math and science professional development, in which it was 
found that professional development programs were more effective when 
viewed as part of a “coherent program” (p. 927). garet et al. (2001) con-
structed their model of coherence based on connections between the pro-
fessional development and other activities teachers were engaged in, align-
ment with state and district standards, and the extent to which teachers par-
ticipated in professional development either by themselves or as part of a 
group. in the gloBe study, we examined a confluence of factors that we 
hypothesized would be related to how teachers perceived the coherence of 
the professional development, based on findings from literatures related to 
policy and practice in teacher learning and reform. this included evidence 
that teachers use their own interpretative frames when making sense of how 
the messages in an intervention relate to the policy demands (state and local 
standards) placed upon them (coburn, 2004; cuban, 1986; cuban, Kirkpat-
rick, & Peck, 2001). research on the implementation of particular curricu-
lar materials provided evidence that school context plays a key role in how 
teachers decide either to enact or reject particular innovations (rivet, 2006). 
if teachers perceive the innovation to be coherent or congruent with their 
own or their school’s goals for reform, this should lead to an increased com-
mitment to enact the innovation. 

in the Penuel, et al. (2007), study of gloBe, we found that perceived 
coherence was related to observed levels of implementation of the curricu-
lum. note that in the gloBe research we were not studying sustainability, 
but rather initial levels of implementation following professional develop-
ment. it is logical, however, that implementation is a necessary precursor 
of sustainability and that the same issues related to coherence would be at 
play. in this study we turn our attention to coherence as expressed by teach-
ers after the curriculum was initially implemented and ask them to reflect on 
how the features of the entire intervention (curriculum and professional de-
velopment and subsequent support are related to their perceptions of coher-
ence with respect to the same factors we explored for gloBe professional 
development). We hypothesize that higher levels of perceived coherence for 
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the simcalc mathworlds intervention should be associated with sustainabil-
ity in the current study.

aCTIvE lEaRnIng In pRoFESSIonal dEvElopMEnT

the overall design of professional development activities has been 
shown to be important in both how teachers’ beliefs are affected by profes-
sional development (garet, et al., 2001) and as predictive of the adoption 
of an innovation by teachers (Penuel, et al., 2007). in science education, 
there has long been a belief that teachers need firsthand experiences within 
professional development with the style of teaching called for in materials, 
if they are to successfully enact that teaching in the classroom (gess-new-
some, 1999), and the same is likely to be the case for teachers of mathemat-
ics. the developers of the scmW curriculum materials intend for teachers 
to enact an interactive approach to mathematics learning that employs com-
puter simulation to support student understanding. the professional devel-
opment associated with the scmW curriculum employs an active, hands-on 
approach that models the teaching called for in the materials so that teachers 
can experience and practice that kind of teaching. We hypothesize that the 
extent to which teachers engage with these kinds of activities will be related 
to continued use of the materials.

pERCEIvEd uTIlITy

teachers’ perceptions of the usefulness, or utility of an innovation as 
it relates to student learning, instructional practice, and their own profes-
sional learning may also influence their decisions to use an instructional 
innovation. We operationalize utility as a set of personal perceptions about 
the likely benefit of an innovation in terms of their value for teachers in 
the context of their practice. Just as lave (1988) has characterized curricu-
lar experiences of students in terms of the degree to which they have clear 
“use-value” for students in their everyday lives, so, too, can we character-
ize curricular materials in terms of their use-value in supporting them in the 
everyday work of teaching. For instance, in mathematics education propor-
tional reasoning is an important learning outcome featured in standards, so 
curriculum materials that teachers perceive as helping their students better 
develop proportional reasoning abilities may be viewed as useful in achiev-
ing that goal and therefore worthwhile to employ. the scmW materials 
feature graphs and simulations as representations that support the develop-



What Happens When the Research Ends? 337

ment of proportional reasoning. What distinguishes learning about graphs 
as a component of utility as opposed to a component of coherence is the 
worth a teacher places upon it. learning how to read graphs might be speci-
fied in standards (we described alignment with standards as a component of 
coherence above), but if a teacher feels that she or he is already meeting that 
standard in another way, and does not value the way in which graphing can 
support the development of proportional reasoning, the perceived usefulness 
of the new curriculum innovation in comparison to other options available 
to the teacher might be low. 

other factors can contribute to a teachers’ perception of the utility of 
curriculum materials. a social norm emphasizing a particular approach to 
teaching (Judson & lawson, 2007) or the use of technology (Frank, Zhao, 
& Borman, 2004) might drive perceptions of utility, such that an innova-
tion that employs that approach or that embeds technology use in curricular 
activities will be viewed as providing a valued outcome beyond “regular” 
content learning. teachers might also perceive as useful innovations that 
make their professional lives easier. innovations that are highly specified 
(cohen & Ball, 1999) help reduce the amount of decision-making by teach-
ers. some teachers who appreciate the ready-made character of curriculum 
materials may perceive such innovations as useful, but other teachers may 
see these innovations as providing less utility, because they reduce their au-
tonomy and ability to adapt materials to students’ diverse needs. Providing 
lesson plans or support for lesson planning could also appeal to teachers as 
being useful, as many teachers are required to provide lesson plans as part 
of administrative oversight: in fact, one reason why the “replacement unit” 
strategy for scaling has become so popular may be because in part it adds 
value in this respect. replacement units support targeted curriculum im-
provements aligned to standards, but do not require teachers to create their 
own instructional materials from scratch.

utility is also likely to have both general and specific dimensions. For 
instance, there are some elements that support planning that help teachers 
no matter what the curriculum materials are, such as information about how 
lessons help students meet standards, guides for organizing student activi-
ties, provision of worksheets, readers, or other materials. these are general 
features of curriculum materials that teachers could see as useful. specific 
innovations, such as simcalc, may have unique features for which specific 
support is required. For example, few replacement units in mathematics re-
quire the extensive use of technology. the fact that simcalc does require 
the use of technology for a successful implementation may mean that teach-
ers will value simcalc more only if the professional development or other 
support materials provide them with sufficient support for technology or 
other specialized aspects of the simcalc innovation.
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METHodS

this study explores the extent to which each of the above factors—
teacher expectations, perceived coherence, and utility—are related to con-
tinued use of the simcalc mathworlds middle school mathematics cur-
riculum, one year after completion of a large scale randomized trial of the 
efficacy of the curricular activity system conducted with middle school 
teachers across texas. this mixed-method study focused on the 7th and 8th 
grade teachers who participated in the “scaling up simcalc” study (here-
after referred to as the “scaling” study). the present study is correlational 
in nature; it focuses on identifying associations between school- and teach-
er-level variables and persistence (or sustained use) with the scmW cur-
riculum. in the scaling experimental study, teachers were recruited by lo-
cal education service centers, were provided with all necessary materials 
including computer software, and were paid a stipend for their participation. 
results from the scaling study indicated that students of teachers who im-
plemented the 2-to-3-week replacement unit on rate and proportionality per-
formed as well on basic-level test items as students in control classrooms, 
and much better on challenge items, indicating a deeper understanding of 
the math concepts (roschelle, et al., 2010). the full intervention consisted 
of a professional development workshop, and a follow-on planning meeting 
during the school year, printed curriculum guides with student and teacher 
materials, and software to help students visualize concepts such as rate vs. 
time and proportionality. this paper does not focus on results of the scaling 
study (see roschelle et al., 2010), but instead uses that study and its partici-
pants as a context to understand what happened next, after the scaling study 
was concluded (i.e., what happens “after the research ends”). 

daTa SouRCES

data for this study come from two sources: (1) an online survey admin-
istered to teachers in 2008, approximately one year after the conclusion of 
the scaling experiment, and (2) pre- and posttest data on student learning 
from the scaling study described above from 2005-2007. the survey con-
sisted of 15 items, focused on teacher perceptions of professional develop-
ment, support for implementation, barriers to implementation, continuing 
use of the intervention materials, and communication with peers relating to 
the intervention materials. many of these items were validated in prior stud-
ies of teacher professional development (garet, Porter, desimone, Birman, 
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& yoon, 2001), implementation, and the scaling up of innovations (Fish-
man, Penuel, & yamaguchi, 2006; Penuel, et al., 2007). Prior uses of the 
survey items were for generic professional development contexts in math 
and science (eisenhower-funded math and science programs) and for a 
specific, but different set of curriculum materials (gloBe). consequently, 
we adapted the items slightly to address the specific context of the scmW 
scaling study. in addition, some new simcalc-specific items were created 
for this study. the survey was piloted over the telephone with teachers who 
were users of simcalc mathworlds in order to determine that the items were 
comprehensible and being interpreted in the manner we intended. 

SaMplE

the sample population for this study was the 189 teachers who par-
ticipated in the original scmW scaling studies. sixty-seven teachers from 
the larger population responded and completed an online survey, for a re-
sponse rate of 35%. seventy-seven percent of survey responders were fe-
male (n=51), 23% male (n=16), ranged in age from 27 to 59 (m=43.47, 
sd=9.073), and represented between 1 and 27 years of teaching (m=10.87, 
sd=7.413) and 1 and 27 years of teaching mathematics (m=9.64, 
sd=6.867).

Because of concerns about the response rate, we conducted a non-re-
sponse analysis in order to determine whether the teachers who responded 
to our survey differed in any meaningful way from teachers who did not 
respond, using data on teacher and student demographics from the scaling 
study. using independent-samples t-tests, we compared initial student math-
ematics scores (t =-1.647, df = 145, p >.05), gain scores from pre-post test-
ing (t =-.772, df = 146, p >.05), the geographic distribution of teachers (data 
from the original experiment) (t=1.516, df = 178, p >.05), and campus-level 
ses (t =-.371, df = 146, p >.05). none of these comparisons indicated a 
significant difference between response and non-response groups, giving us 
confidence that the results of this study are not biased as a result of response 
patterns on any measured characteristics of teachers or students. other stud-
ies have reported difficulties in response rates from mathematics teachers 
in particular, reporting that “while normal expectations of survey response 
rates [in education] were between 65% and 83%, secondary mathemat-
ics teachers… responded from a low of 31% to a high of 46%” (coffland 
& strickland, 2004, p. 353). We are unsure of why mathematics teachers 
would be less likely to participate in survey research, but note that our re-
sponse rate is consistent with that of earlier studies.
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most importantly for purposes of our analysis, the sample of survey re-
sponders was divided roughly evenly between teachers who were continu-
ing to use scmW and those who had discontinued use. this variability en-
abled the analyses we present here, though an important caution is that the 
associations between continued use and the teacher and contextual variables 
do not provide a strong evidentiary basis for causal inference. replication 
studies, as well as sustainability studies that begin before the research ends 
and continue well beyond it are needed to accumulate further evidence for 
the theoretical framework articulated here. 

MEaSuRES

the following items and scales were developed in our analysis of the 
surveys.

Sustained use 

a single, binary (1 = yes, 0 = no) item on the survey served as our mea-
sure of sustained use of the scmW materials after the end of the simcalc 
scaling study: “are you still using all or part of the simcalc curriculum?” 
We recognize that a more nuanced approach to studying sustainability might 
investigate the “fidelity” of continued implementation of scmW materials, 
but we were explicitly not interested in that issue in the present study, pre-
ferring to treat any continued use as a necessary first step to sustainability.

Student Socioeconomic Status

We used the percentage of students in the teacher’s school that were 
eligible for free or reduced price lunches as a measure of students’ socioeco-
nomic status. 

prior Mathematics achievement of Students

We used as a baseline the normalized pretest scores of students in the 
simcalc scaling study on the tests of mathematics achievement developed 
by the scmW research team (see, roschelle et al., 2010, for a more ex-
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tended description of the measure and its development). this test was con-
structed to measure both the more formula-oriented and procedural aspects 
of proportionality and linear function, as conventionally measured on the 
texas statewide assessment as well as a function-oriented and conceptual 
orientation to these topics. For example the test asks students to consider the 
mapping between a domain and range and to connect such concepts as rate 
across multiple representations (e.g., k, in y = kx and the slope in a graph 
of y = kx). the student scores used were those of students from teachers’ 
classes that had participated in the simcalc scaling study (in a prior year) 
and were not scores of teachers’ students at the time we conducted the sur-
vey (after the experiment had concluded). to the extent that students across 
years have similar levels of ability, however, the pretest scores do offer a 
proxy measure of prior achievement levels of students, particularly with re-
spect to conceptually rich mathematics. 

perceived Coherence 

We incorporated into our questionnaire a six-item scale (α = .93) used 
in three earlier studies of professional development (garet, Porter, desim-
one, Birman, & yoon, 2001; Penuel, Fishman, gallagher, Korbak, & lopez-
Prado, 2009; Penuel, Fishman, yamaguchi, & gallagher, 2007), which mea-
sures how well the professional development matched the teacher’s goals 
for professional development, the existing reform ideas within the school, 
and whether the professional development was followed up with activities 
that built upon what was already learned. in this study, we used perceived 
coherence as a teacher-level predictor of sustained use of scmW.

perceived utility (general)

the perceived utility scale is a 3-item scale (α = 0.84) that measures 
teachers’ perceptions of the use-value or usefulness of scmW materials. We 
refer to it as a “general” scale because it encompasses items that teachers 
are likely to consider in assigning value to curriculum materials, regardless 
of the particular materials: the usefulness of the print materials, the time-
table for enactment, and support for teaching required standards. For each 
of these items, teachers indicated whether they found scmW materials very 
valuable, valuable, not so valuable, or detrimental for their teaching. the 
scale created represents the sum of the three items.
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perceived utility (SimCalc Mathworlds key Features)

the perceived utility scale for key features of scmW is a 3-item scale 
(α = 0.94) that measures teachers’ perceptions of the usefulness of features 
judged by program developers to be “key features” of the software. these 
key features are: simulations, interactive graphs, and the tight integration 
of curriculum and technology. as with the other utility items, for each item 
teachers indicated whether they found these key features very valuable, 
valuable, not so valuable, or detrimental for their teaching. the scale created 
represents the sum of the three items.

active learning in professional development (general*SCMW)

the active learning in professional development scale is a three-item 
scale (α = 0.94) that asks teachers to report how much interaction took 
place as part of their professional development to learn to use scmW ma-
terials. the scmW research team identified these items as key features of 
scmW and active learning in professional development activities has been 
linked in other studies to reported changes in teacher outcomes (garet et al., 
2001; Penuel et al., 2007). We thus refer to this scale as a “general*scmW” 
scale, since it might be expected to be generally related to curriculum im-
plementation but is also a scale scmW developers believe is particularly 
important for implementing their curricular activity system. For these items, 
teachers rated items on a 6-point scale from “did not participate” to “found 
essential” in preparing to teach the scmW unit.

appRoaCH To analySIS

our primary interest was in analyzing what factors are associated with 
teachers’ sustained use of scmW after the study ended. Because of the 
small sample size, and also because our predictors were highly correlated 
with one another (see table 1 below), we examined the contribution of each 
potential factor separately. the advantage of our approach is that it allowed 
us to consider how each of our theorized mechanisms may have contributed 
to teachers’ decisions related to sustained use. at the same time, the strong, 
significant correlations suggest that there may be an underlying mechanism 
that explains the patterns of survey responses we see more adequately than 
do the scales we used in analysis. We return to this potential limitation of 
our analysis in the discussion and conclusion section. 
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Table 1
correlation matrix of teacher-level predictor variables

(1) (2) (3) (4) (5)

(1) Students’ Mean Achievement on the 
M2 Scale (Pretest Prior to SCMW)

1.00 0.28* 0.18 0.21 0.30*

(2) Perceived Coherence Scale 1.00 0.43** 0.37** 0.96**

(3) Perceived Utility Scale (General) 1.00 0.72* 0.38**

(4) Perceived Utility Scale (SCMW) 1.00 0.35**

(5) Active Learning in Professional 
Development Scale (General*SCMW)

1.00

dESCRIpTIvE STaTISTICS

approximately half (n=35, 52%) of the teachers who completed our 
survey (n=67) reported continued use of the scmW curriculum materi-
als, what we refer to as “sustained use,” one year after the conclusion of 
the “scaling up simcalc” research study. descriptive statistics for all other 
measures are reported below in table 2.

Table 2
descriptive statistics

n M SD

School-Level Predictors

Percent free and reduced price lunch 67 50.42 27.16

Teacher-level Predictors

Students’ Mean Achievement on the Complex Mathematics 
(M2) Scale (Pretest Prior to SCMW)

67 5.29 2.41

Perceived Coherence Scale 66 22.02 4.27

Perceived Utility Scale (General) 65 9.11 2.20

Perceived Utility Scale (SCMW) 65 10.03 2.61

Active Learning in Professional Development Scale 
(General*SCMW)

66 6.42 1.90
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FIndIngS

table 3 reports the significance of the factors explored in this study 
with respect to sustained use of the scmW curriculum materials. the 
strongest correlate of sustained use was found in relation to students’ ses 
(d = -0.93, p < .001), and students’ prior achievement in conceptually-rich 
mathematics (d = 0.81, p < .05). the higher the ses and the greater stu-
dents’ pre-scmW performance in conceptually-rich mathematics, the more 
likely the teacher was to continue using the scmW materials. a relation-
ship was also found between sticking and teachers’ perceived coherence of 
the scmW materials (d = 0.56, p < .01). a slightly weaker relationship was 
found for perceived value, both in terms of general value (d = 0.40, p < .05) 
and for the value of specific characteristics of the scmW materials (d = 
0.37, p < .10), and also for the active nature of the professional development 
(d = 0.26, p < .05). 

Table 3
Factors related to sustained use of scmW (t-tests)

Sustained 
Users

Non-Sustain-
ers

t (df) d

Percent Free and Reduced 
Price Lunch in School (SES)

M = 40.90
SD = (25.90)

M = 63.51
SD = (24.44)

-3.55***
(61)

-0.93

Prior Achievement in Con-
ceptually- Rich Mathematics

5.96
(2.67)

4.47
(1.86)

2.53*
(61)

+0.81

Perceived Coherence 23.37
(3.04)

20.93
(4.35)

2.65**
(63)

+0.56

Perceived Utility (General) 9.60
(1.56)

8.53
(2.69)

1.99*
(63)

+0.40

Perceived Utility (SCMW) 10.63
(1.33)

9.33
(3.47)

1.93+
(44.9)

+0.37

Active Learning in Profes-
sional Development 
(General*SCMW)

6.94
(1.41)

6.03
(3.47)

2.17*
(63)

+0.26

+ p < .10, * p < .05, ** p < .01, *** p < .001

REaSonS gIvEn FoR not SuSTaInIng THE uSE oF SCMW

Finally, for those teachers (n=32) who indicated that they did not con-
tinue to use the scmW materials) we asked them to identify reasons that 
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might explain their decision. these reasons are presented in table 4. teach-
ers were able to indicate as many reasons as they felt were relevant, though 
they were selecting from a list of items presented in the survey.

the top three reasons teachers gave for not continuing to use the 
scmW materials were related to time (time to prepare for state tests, time 
to enact the activities, and time to prepare to use the activities). the sec-
ond most common explanations were related to access to technology (if the 
school had computers, the scmW teacher felt they did not have adequate 
access to them) or lack of computers overall in the school. We also note that 
very few teachers reported technical difficulties or administrative support as 
their reasons for not continuing with scmW. 

Table 4
Percentage of teachers indicating various reasons for no longer using 

scmW materials (respondents could select multiple responses; n=32).

Reason for not continuing to use SCMW materials Percent

Material took too long, interfered with preparation for state tests 30%

Difficulty completing activities in suggested time 27%

Lack of time to prepare 23%

Lack of technology access 20%

Lack of computers in school 13%

Interest level of my students 13%

Lack of alignment to state test 10%

Math knowledge level of my students 10%

Difficulty with software 7%

Unsupportive district administrators 3%

Lack of technology support 3%

Unsupportive building administrators 0%

Lack of understanding of how to implement units 0%

dISCuSSIon

What can we learn from the findings presented above, and how do they 
help us further refine our understanding of findings from prior research on 
factors related to the sustainability of curriculum materials? 
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our findings with respect to coherence are consistent with previous re-
search and help us to continue to refine our understanding of how perceived 
coherence relates to teachers’ decisions about the continued use of mate-
rials. in prior research (garet et al., 2000; Penuel et al., 2009; Penuel, et 
al. 2007), we examined how teachers’ perceptions of coherence are related 
to their implementation of materials. this construct looks across teachers’ 
judgments of how well the professional development matches teachers’ own 
goals for professional learning, how well the professional development (and 
perhaps by extension the innovation) matches existing reform ideas or ap-
proaches within their schools, and how well the professional development 
is followed up upon with activities that build on what was learned in the 
professional development. our prior studies were focused on initial imple-
mentation levels. in the present study we focused on subsequent continued 
or sustained use of materials and found that coherence is also related to sus-
tained use. the continued significance of this factor across multiple stud-
ies and in different contexts is encouraging, and provides further evidence 
for the importance of constructing professional development activities with 
teachers’ perspectives about coherence firmly in mind.

this study represents the first time we have examined the perceived 
utility of curriculum materials directly. We were interested to see that both 
scales related to teachers’ continued use of the scmW materials, and fur-
ther interested to see that the more general notion of utility was more 
strongly related to sticking than curriculum-specific notions of utility. this 
may be an indication that teachers are weighing the usefulness of any par-
ticular curricular innovation against an ongoing set of daily challenges, 
including planning, time to teach, and the demands of standards. the spe-
cific qualities of the scmW materials, namely tight integration with tech-
nology and a focus on interactive graphs and simulations, may be viewed 
by teachers as important, but only within the context of the larger demands 
of teaching. this contrast deserves further exploration in future studies. We 
continue to examine data on how teachers who sustain the use of scmW 
vary in their choices of how to implement the curricular intervention. in our 
theoretical framework, we introduced the example of the cognitive tutor, a 
high-quality and well-studied intervention. there was substantial variation 
in effect sizes between early experimental studies of cognitive tutor and 
later field trials at greater scale (e.g., aleven & Koedinger, 2002; ritter, et 
al., 2007). Positive effects are often attenuated as interventions move from 
conditions of high support to more widespread use, where implementation 
can introduce many adaptations not envisioned by designers (Fishman, et 
al., 2004). it is possible, of course, that implementations at great variance 
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with the original design can lead to impacts as large as are estimated under 
conditions of high support, such as when teachers fully “own” an innovation 
to the extent that they can reinvent its use to suit their own purposes (hall & 
hord, 1984). our belief is that for materials that are of high initial quality, 
attention to teacher perceptions of coherence and utility may help support 
adaptations that are more in line with designers’ intentions, even in the face 
of a range of well-documented hurdles to implementation (Penuel & means, 
2004; rogan, 2007; rowan & miller, 2007). 

sustainability was also related to teachers’ perceptions about “fit” with 
either their preferred style of teaching or the capabilities of their students. 
there was a relationship between continued use of the scmW curriculum 
materials and teachers’ perceptions about how “cognitively complex” their 
math teaching was prior to using scmW. this is also borne out by data 
gathered as part of the scaling study (roschelle, et al., 2010). Findings from 
that study could be interpreted to argue for wide adoption of technology-
infused mathematics curricula like scmW; the experiment indicated that 
students in a wide variety of settings and with widely varied ses and other 
factors all learned more when their teachers used scmW. thus, broadly im-
plementing these materials could be a component of a policy approach to 
enrich mathematics for all students. however, the further addition of data 
on sustained use in the present study adds a caveat: over time, the lower 
ses settings may be more likely to stop using the newly recommended cur-
riculum materials. this could result in the unanticipated consequence that a 
policy intended to give all students access to more challenging mathematics 
materials could result in continued use of those materials only with higher-
pretest students. to counter this possibility, our data suggest that researchers 
and policymakers should investigate how to enhance professional develop-
ment (e.g., implement designs to increase teachers’ perceptions of coher-
ence in the curriculum) for low ses settings or in settings where student 
performance is lower on pre-tests in order to increase the likelihood that use 
of such materials is sustained across all settings.

in considering the data presented in table 4, reasons given by teach-
ers for not continuing to use the materials, we find it encouraging that no 
teacher felt they did not understand how to use the materials, which would 
be a failing of the professional development. at the same time, it is less en-
couraging that relatively large percentages of teachers indicated a lack of 
time to enact scmW in relation to other priorities was a barrier to contin-
ued use. this may be an indication of the overall pressure teachers feel to 
“cover” content for high-stakes tests, a scenario in which the in-depth ap-
proach of scmW may feel like a luxury. given findings from the scmW 
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scaling study (roschelle, et al., 2010) indicating that students learn both 
basic-level items from high-stakes testing as well as more challenging math-
ematics, this could be an area for future scmW professional development 
to highlight in its communication with teachers about the intent and most 
productive ways to use simcalc mathworlds.

ConCluSIon

Working to develop innovations that are usable and, more importantly, 
continue to be used by teachers is a critical challenge for the educational 
research community (Fishman, et al., 2004). if research-based curricular 
innovations are not sustainable, what hope is there that our investment in 
these materials will have a deep or lasting effect on education? We find it 
useful to view curriculum materials as a specialized “technology” for edu-
cation, in that curriculum is intended as a systematic solution to an instruc-
tional problem (gomez, Fishman, & Pea, 1998). scmW is a technology, 
curriculum, and teacher professional development intervention designed to 
enable teachers to instruct students about complex mathematical ideas us-
ing a combination of thoughtfully designed and empirically-design lessons 
supported by computational tools and activities tailored to support students’ 
learning about the concepts within the lessons. the scmW materials are 
highly specified in an attempt to reduce teacher uncertainty about how to 
teach (cohen & Ball, 1999), but scmW developers also understand that 
there will always be local adaptations made by teachers based both on their 
interpretation of the materials and also on the constraints and opportunities 
of their local context. 

the challenge is to ensure that these adaptations do not lead to imple-
mentations that result in enactments that vary so greatly from the intended 
design as to lead to undesirable outcomes, or in effect be a different innova-
tion altogether (Brown & campione, 1996). to help prevent this, it is also 
important to recognize that scmW is a full “curricular activity system” 
(roschelle et al., 2010) that consists not only of the curriculum and technol-
ogy, but also of professional development intended to guide teachers’ inter-
pretation and use the materials in the classroom. thus, the study of adoption 
and sustainability needs to examine not only the qualities of the materials 
and the contexts where they are to be used, but the system(s) of support pro-
vided to teachers across all phases of an innovations introduction and use.

in this work, simcalc mathworlds’ developers were both surprised and 
pleased that so many of the teachers (52%) who responded to our survey 
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continued to use the software and materials after the conclusion of the re-
search study. the results from this study, together with emerging evidence 
from related work (e.g., Penuel, et al., 2007), point to factors that should 
be attended to in further research on how best to support implementation 
of complex technology-supported interventions in mathematics and science. 
the finding that both coherence and utility are important to decisions to 
continue with implementation should inform the design of educational in-
terventions, so that they that can be widely used to ensure that children have 
meaningful and deep interactions with important mathematics content.
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