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The Process of ‘“Engineering [for] Effectiveness”

Improving schools has often been cast as a challenge of identifying effective
programs, as captured by the general call for “What Works?” (www.whatworks.
ed.gov). Many researchers, skeptical of this call, argue that the real question should
not be “whether an intervention works,” but instead, “what works, when, for whom,
and under what circumstances” (Bryk, Gomez, & Grunow, 2011, p. 151). A shift to
focus on specific outcomes that accrue under precise conditions and with specified
resources rests on the assumption that educational outcomes result from (and often
require) adaptations to circumstances; therefore to seek simple broad scientific prin-
ciples or rules that apply across the board to a curriculum is of limited value. For
example, Bryk, Gomez, and Grunow noted, “Treatises on modern causal inference
place primacy on the word ‘cause’ while largely ignoring concerns about the appli-
cability of findings to varied people, places and circumstances. In contrast, improve-
ment research must take this on as a central concern if its goal is useable knowledge
to inform broad scale change” (Bryk et al., 2011, p. 150; italics added).

Shifting the question to “what works, when, for whom, and under what condi-
tions?” has profound implications for the meaning of effectiveness as a dependent
variable. In establishing causal models, one determines, within the restrictions of
a particular study’s conditions, if an effect, controlling for other factors, can be
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rigorously linked to an antecedent condition. Instead of the causal structure of the
phenomenon of interest, this focuses the study on its internal validity—hence
“cause” and “effect.” While studies typically can and do produce small but statisti-
cally significant effects, they often have nested within them more interesting con-
jectures about interactions and relationships among causes, effects, and co-relational
phenomena. Those who demand causal design are often silent on the necessity of
replication, which, strictly speaking, is required to realize the benefits of random-
ization; one study alone does not ensure generalizability.! Furthermore, in pursuit
of causal models, researchers often rely on average effects, but doing so strips
away more robust and potentially relevant differences that may apply to subsets
of the whole.

Attempt to identify simple causal chains, and focus on strict control of study
conditions, can lead those who attempt to implement research results astray. Too
many policy makers and practitioners assume that an established treatment, as
“cause,” can be simply or directly applied to a practice and guarantee an effect.
Perhaps some lack awareness that a study’s internal validity does not assure its
external validity. Consequently, most studies leave the practitioners themselves
responsible to evaluate whether that study generalizes to their own settings. How
they are supposed to do this responsibly is seldom addressed.

Regarding randomized field trials as the sole source—or the trump card—of
assertions of a program’s “effectiveness” poses a major dilemma. They are typically
very costly, difficult, and time-consuming to conduct, leaving the public continually
awaiting a sufficient set of scientifically “proven” empirical results. Randomized
field trials seldom provide timely information in a quickly evolving context (espe-
cially for technology-enhanced programs)—by the time the results are available, the
program typically is either outdated or has been significantly revised.

In contrast, in this chapter we argue that by developing and deploying explicit
means of engineering [for] effectiveness, communities of practitioners and research-
ers can conduct ongoing local experiments at scale, which incorporate adequate
design, as well as technologically enabled tools for real-time data collection and
continuous analysis of patterns and trends.

Approaches similar to engineering [for] effectiveness have emerged under a vari-
ety of names. The study of complex and dynamic systems (Maroulis et al., 2010)
has been addressed variously through continuous improvement models (Deming,
2000; Juran, 1962), implementation research (Confrey, Castro-Filho, & Wilhelm,
2000; Confrey & Makar, 2005), improvement research (Bryk et al., 2011), a science
of improvement (Berwick, 2008), and Design-Educational Engineering and
Development (DEED) (Bryk, 2009; Bryk & Gomez, 2008). When examined through
the lenses of these various models, it becomes evident that the improvement of

'One can, of course, throw five heads in a row in a toss of five coins; only by replicating this
experiment multiple times can one be certain that a generalized result of 50-50 emerges. Hence
one experiment can never establish any form of cause and effect, a fact too frequently overlooked
in discussions of the benefits of randomized field trials.
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educational outcomes requires reexamination of approaches to just what is meant by
“effectiveness.” The following four ideas can be used to frame that reexamination:

1. Education must be viewed as a complex system, with interlocking parts. Study of
a complex system requires one to locate a focus of attention without losing sight
of the broader context. One must also attend to a variety of scales of events and
time (Lemke, 2000). For instance, while summative and periodic results (large
scale, longer time frames) may be useful as broad but crude policy levers that
help in identifying trends and sources of inequities, formative results (smaller
grain size, shorter time frames) are crucial to drive classroom processes forward.
Measurement issues will vary according to these varying levels and orders of
magnitude of phenomena (Lemke, 2000; Maroulis et al., 2010).

2. Bands and pockets of variability should be expected, examined for causes and
correlates, and used as sources of insight, rather than adjusted for, suppressed,
or controlled. Discerning how to characterize variability and its significance is
key to knowing how to characterize a particular case or instance. “Most field tri-
als formally assume that there is some fixed treatment effect (aka a standardized
effect size) to be estimated. If pressed, investigators acknowledge that the esti-
mate is actually an average effect over some typically nonrandomly selected
sample of participants and contexts. Given the well-documented experiences
that most educational interventions can be shown to work in some places but not
in others, we would argue that a more realistic starting assumption is that inter-
ventions will have variable effects and these variable effects may have predict-
able causes” (Bryk et al., 2011, p. 24). Stephen J. Gould (1996) made a similar
argument in Full House, discussing the diagnosis of his mesothelioma. He
pointed out that, as a patient, broad survival rates were of less use to him than the
smaller bands of variability that more specifically characterized his situation and
provided more insight into his chances of survival. Similarly, analytic frames
must therefore take into account patterns of antecedent and coincident condi-
tions that mark potential variation in outcomes. “Effectiveness” is not unifac-
eted, but only understandable in the context of these causal networks.

3. Causal or covarying cycles with feedback and interaction are critical elements of
educational systems, in which learning is a fundamental process. Furthermore,
feedback loops mediate social cues and their behavioral outcomes, so one expects
emergent phenomena (Maroulis et al., 2010). There is a contrast between construc-
tions of simple cause-and-effect on the one hand, and causal cycles on the other. In
the case of simple cause-and-effect, one assumes that a curriculum is implemented,
and produces knowledge growth among students. In the case of causal cycles, the
implementer is already aware of the types of outcomes measured, based on prior
feedback, and implements and adapts the curriculum simultaneously, thereby rais-
ing the question “to what extent did the curriculum cause the effects, and to what
extent did the outcome measures (through anticipation or feedback) cause the
curriculum adaptation, and thence the effects (a causal cycle)?”

4. Education should be treated as an organizational system that seeks, and is
expected, to improve continuously. As such, it is comprised of actors who must
coordinate their expertise, set ambitious goals, formulate tractable problems
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(Rittell & Webber, 1984), negotiate shared targets and measures of success (Bryk
et al., 2011), make design decisions within constraints (Conklin, 2005; Penuel,
Confrey, Maloney, & Rupp, 2014; Tatar, 2007), and develop and carry out proto-
cols for inquiry. In such a “networked improvement community” (Bryk et al.,
2011), one can position the causal cycles under investigation as “frames of
action.” Continuous improvement depends on iterations of collecting relevant,
valid, and timely data, using them to make inferences and draw conclusions, and
take deliberate actions, which, in turn, provide a refined set of data upon which
to approximate some meaningful set of outcomes.

In analyzing the following examples of studies of curricular effectiveness, we
will refer to these components as (1) complex systems with interlocking parts, (2)
expected bands of variability, (3) focus on feedback, causal cycles, interactions, and
emergence, and (4) continuous organizational improvement. We seek to show how
these four components can inform us in designing and engineering [for] effective-
ness and scale.

In this article, we focus our discussion of the redefinition of effectiveness research
in the context of curriculum design, implementation, and improvement. We point
out complementarities with the call for a change in “protocols for inquiry,” in which
Bryk et al. (2011) locate a “science of improvement” between models of traditional
translational research and action research:

In its idealized form, translational research envisions a university-based actor drawing on
some set of disciplinary theory (e.g., learning theory) to design an intervention. This activ-
ity is sometimes described as “pushing research into practice” (see for example Coburn &
Stein, 2010, p. 10). After an initial pilot, the intervention is then typically field-tested in a
small number of sites in an efficacy trial. If this proves promising, the intervention is then
subject to a rigorous randomized control trial to estimate an overall effect size. Along the
way, the intervention becomes more specified and detailed. Practitioner advice may be
sought during this process, but the ultimate goal is a standard product to be implemented by
practitioners as designed. It is assumed that positive effects will accrue generally, regardless
of local context, provided the intervention is implemented with fidelity.

In contrast, action research places the individual practitioner (or some small group of
practitioners) at the center. The specification of the research problem is highly contextual-
ized and the aim is localized learning for improvement. While both theory and evidence
play a role, the structures guiding inquiry are less formalized. Common constructs, mea-
sures, inquiry protocols and methods for accumulating evidence typically receive even less
emphasis. The strength of such inquiry is the salience of its results to those directly
engaged. How this practitioner knowledge might be further tested, refined and generalized
into a professional knowledge, however remains largely unaddressed (Hiebert, Gallimore,
& Stigler, 2002).

A science of improvement offers a productive synthesis across this research-practice
divide. It aims to meld the conceptual strength and methodological norms associated with
translational research to the contextual specificity, deep clinical insight and practical orien-
tation characteristic of action research. To the point, the ideas ... are consistent with the
basic principles of scientific inquiry as set out by the National Research Council (Shavelson
& Towne, 2002, p. 22).

Entire quote from Bryk et al. (2011), pp. 148-149 (italics added).

By defining a perspective of “engineering [for] effectiveness” we suggest that
communities of practice, at a school, district, or state level, can build on what has
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been learned from studies of curricular effectiveness. We review several studies
associated with effectiveness research from mathematics education, and reinterpret
their results and implications. Our focus will be the challenge of improving the
instructional core (derived from Elmore, 2002; Cohen, Raudenbush, & Ball, 2003),
by which we refer to the daily classroom activities of implementing a curriculum,
carrying out instruction, and applying formative assessment practices.

Intervening at the Instructional Core

A model of the instructional core is shown below, in which the instructional core is
situated between the Common Core State Standards (CCSS) and High Stakes tests.
In general, standards (at the state level) and high stakes summative assessments are
the “bookends” that constitute the accountability system. Policy levers of No Child
Left Behind are designed to drive accountability through external pressure (sanc-
tions and incentives) and to shed light on discrepant subgroup performances or lack
of annual yearly progress. However, the bookends neglected and/or avoided the
instructional core in relation to professional development, pedagogy, and classroom
assessment. The absence of common standards fragmented the attention to curricu-
lum (Reys, Reys, Lapan, Holliday, & Wasman, 2003). By squeezing the educational
system by way of the bookends, the accountability system during the past decade
and more produced some performance gains from the system. However, it failed to
strengthen the instructional core with respect to capacity, unintentionally promoted
a narrowing of the content taught, and, while calling for the use of “best practices”
it failed to identify means to establish the credibility of practices identified as “best.”

We chose the instructional core as a focus for this chapter because it can be read-
ily recognized as a complex system, and should be analyzed as such. Its identifiable
interlocking parts act at different levels of the educational system, from the stan-
dards and the summative tests to classroom practices and formative feedback. While
one could view the instructional core as a temporal sequence of (a) curricular selec-
tion, (b) some level of professional development, (c) followed by implementation
and assessments (both formative and summative), each of these components also
interacts with and can generate (organized and explicit, or de facto and inadvertent)
feedback to the other components. For instance, frequent formative results provide
regular feedback to classroom practices, while data from high-stakes tests provide
intermittent or periodic feedback and a much cruder level of nonspecific but severe
institutional pressure. Resulting practices can be customized for groups according
to curricular requirements and feedback from measures of learning. We have left the
structure of improvement communities intentionally vague. The generality of the
model allows for diverse institutional structure, as well as informal relationships
among actors. Networked improvement communities are not explicitly identified in
Fig. 1, but could be configured such that communities of practice could include
practitioners, researchers, and administrators, who can plan together, share experi-
ences, analyze data patterns, and discuss how to revise and adapt instructional
approaches, curriculum, and schedules.
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Fig. 1 Model of Classroom Educational System, illustrating position of the instructional core
between the accountability “bookends” (Confrey & Maloney, 2012)

The adoption of the CCSS, by most of the states, positions educational commu-
nities, writ large, to create policy approaches and to reconsider the importance of
focusing on improving the instructional core without overly constraining innova-
tion, over-regulating curricular choice, or de-skilling teaching. By examining exem-
plars of research on the effectiveness of curricular programs, classroom instructional
pedagogies, and formative assessment practices, and defining how these results can
inform efforts to engineer [for] effectiveness, researchers could potentially jump-
start a movement towards school improvement in STEM disciplines.

Curricular Effectiveness Studies

“Curriculum matters” (Schmidt et al., 2001). It is the means by which students gain
access to the knowledge and skills in a field and also the primary way they are
attracted to pursue and persist. Since the publication of the NRC report that one of
us (Confrey) chaired, On Evaluating Curricular Effectiveness (NRC, 2004),
many mathematics educators have worked diligently to strengthen and improve
research on and evaluation of curricular effects. That NRC report’s framework
called for designing evaluations to examine three components of curriculum: the
program theory (through content analyses and comparison to standards), the pro-
gram implementation (through a study of the program’s implementation including
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professional development and on-site staging, resources, and support), and the
program outcomes (for alignment to standards and achievement of intended results).
The report argued for the use of multiple methods in judging effectiveness, includ-
ing content analyses, comparative studies, and case studies. It also called for the use
of multiple and more sensitive outcome measures, and made a case for increased
independence of evaluators, precise identification of comparison programs, and bet-
ter measures of implementation. We have selected three studies that have taken
these recommendations seriously and have moved research to a higher and more
nuanced level. We report on their approaches, their principal findings, and identified
limitations, and discuss how these can be interpreted to provide a solid foundation
to next generation efforts to “engineer [for] effectiveness,” that is, to iteratively
design, monitor, analyze, and adjust components of the instructional core for more
effective teaching and learning.

Case One: Single-Subject vs. Integrated Mathematics
(COSMIC Study)

New studies of curricular implementation have advanced our understanding of cur-
ricular effectiveness. One such study is “Comparing Options in Secondary
Mathematics: Investigating Curriculum,” (COSMIC) (Grouws et al., 2010, 2013;
Tarr, Grouws, Chavez, & Soria, 2013). The COSMIC project compared the effects
of two curricula, one subject-specific and one integrated, on student learning in
high school mathematics. Among the important contributions of this large quasi-
experimental study was the development of multiple measures of curricular
implementation and new types of curricular-appropriate tests to study the effects
of curricular content organization on student learning in the first 2 years of high
school mathematics.

A goal of the COSMIC study was to improve understanding about the relation-
ships among curricular organization, curricular implementation factors, and gains in
student learning. The study’s research questions were the following for year 1
(Algebra 1 compared with Integrated Course 2) (Grouws et al., 2013). The research
questions for year 2 student learning (Geometry compared with Integrated Course
2) were similar (Tarr et al., 2013):

1. Is there a differential mathematics learning effect when secondary school stu-
dents study from an integrated textbook (Course 1) and when students study
from a subject-specific textbook (Algebra 1)?

2. What are the relationships among curriculum type, curriculum implementation,
and student learning? In particular,

(a) What curriculum implementation factors are associated with high school
students’ learning in first-year mathematics courses?

(b) What teacher characteristics and practices are associated with high school
students’ learning in first-year mathematics courses?
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Participating schools all offered both a traditional high school curriculum (alge-
bra 1, geometry, algebra 2) and an integrated curriculum (CORE-Plus), between
which students chose freely (i.e., were not tracked by ability level).? In all, 11 schools
in six districts across five regions of the country participated. The schools’ student
population demographics varied widely (e.g., the proportion of students eligible for
free and reduced lunch (FRL) ranged from 17 to 53 % across the schools in the 2
year-levels of the study). Three distinct measures of student achievement (dependent
variables) were used. Student results on those measures were compared to an index
of prior achievement based on state-mandated eighth grade tests, normed against
NAEP to provide comparability of student preparation across classes and states.
Dependent measure data were analyzed using hierarchical linear modeling (HLM).

“Fair test” as essential measure for comparing curricula. The study generated a
number of significant advances in research on curricular effectiveness. Researchers
incorporated expertise in mathematics content and in learning effectively to design
and select the study’s outcome measures. They used multiple outcome measures:
for each year level, two tests were designed specifically for the project (one of com-
mon content and another of reasoning and problem solving). The third test was a
nationally normed standardized multiple-choice test, the Iowa Test of Educational
Development [ITED]: Mathematics: Concepts and Problem Solving Form B, levels
15 (year 1) and 16 (year 2).

Drawing heavily on the NRC report’s recommendations, the project began with
content analyses of the printed curricula used in the schools. The project team then
designed a “fair test” (NRC, 2004), “developed with the deliberate goal of not being
biased towards either of the two curriculum programs studied” (Chavez, Papick,
Ross, & Grouws, 2010, p. 4). To create the fair test, items were developed collabora-
tively by a research mathematician and mathematics educator to include content
common to both curricula (i.e., that all students could be expected to have had the
opportunity to learn (OTL) in both curriculum types) (Chavez et al., 2010). Items
were constructed response instead of multiple choice, and often used realistic situa-
tions. Iteratively developed, the items were designed to permit adequate space and
time for students to reveal potentially subtle differences in their understanding of
underlying constructs, were piloted to ensure high face validity of the items, and
were scored using a rubric construction method that assured careful internal and
external review, and inter-rater reliability. An overall intent of the fair test was to
allow inferences to be made about “student knowledge on constructs underlying the

2In the COSMIC year 1 study, the textbooks used were Core-Plus Mathematics Course 1 (Coxford
et al., 2003) [20 classes], the integrated curriculum, and 5 different single subject curricula,
Glencoe Algebra 1 (Holliday et al., 2005), [10]; McDougal Littell Algebra 1 (Larson, Boswell,
Kanold, & Stiff, 2001) [6]; Holt Rinehart & Winston Algebra 1 Interactions (Kennedy McGowan,
Schultz, Hollowell, & Jovell, 2001) [4]; and Prentice Hall Algebra 1 (Bellman, Bragg, Charles,
Handlin, & Kennedy, 2004) [2 classes]. In the year 2 study, the textbooks were Core-Plus Course
2 (Coxford et al., 2003), and one of the following SS curricula Glencoe-McGraw Hill (Boyd,
Cummins, Malloy, Carter, & Flores, 2005), Prentice Hall (Bass, Charles, Jonson, & Kennedy,
2004), Holt (Burger et al., 2007), and McDougal Littell (Larson, Boswell, & Stiff, 2001).
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content of the tasks on the test, rather than merely...about student ability only on the
tasks themselves” (Chdvez et al., 2010, p. 8).

Treatment integrity (multiple measures of implementation fidelity). COSMIC
researchers also intensified the degree to which they addressed treatment integrity
(NRC, 2004) using multiple data sources to gauge teachers’ implementation of cur-
ricular materials. These included Table of Contents Records, Textbook-Use Diaries,
an Initial Teacher Survey, a Mid-course Teacher Survey and observations using a
Classroom Visit Protocol (McNaught, Tarr, & Sears, 2010, p. 5). The research team
was able to examine critical factors such as professional development, familiarity
with standards, and teachers’ distribution of classroom time among lesson develop-
ment, non-instruction, practice, and closure. In a sub-study across two consecutive
school years, the authors defined, studied, and compared three related indices of
curricular implementation: OTL Index, “the percentage of textbook lessons taught
without considering teachers’ use of supplemental or alternative curricular materi-
als” (the topics or lessons that students thus had an OTL); Extent of Textbook
Implementation (ETT) Index, to provide a sense of how closely the textbook was
related to the implemented curriculum (a weighted index to indicate the extent to
which lessons were taught directly from textbook or with varying degrees of sup-
plementation, including lessons that were not taught at all); and Textbook Content
Taught (TCT), representing the extent to which teachers, when teaching textbook
content, followed their textbook, supplemented their textbook lessons with addi-
tional materials, or used altogether alternative curricular materials (McNaught
et al., 2010; Tarr et al., 2013). Differences in all these indices could then be folded
into the analysis of factors contributing to student learning outcomes.

For example, for the entire study (3 years), for OTL 60.81 % (19.98 SD) of the
content of the integrated textbooks was taught while 76.63 % (17.02 SD) of the con-
tent of the subject-specific textbooks was taught. The ETI index showed that across
all teachers, “(35 %) of the textbook content was taught primarily from the textbook,
...(21 %) of the content was taught with some supplementation, a small portion
(12 %) was taught from alternative resources, and 32 % of the content was not taught
at all.” (Overall ETI values were 50.37 (20.20) for integrated and 57.15 (18.94) for
single subject (SS)). The TCT index showed that when integrated content was taught,
it was more frequently directly from textbook (59 %) as compared to when subject-
specific content was taught (46 %). Furthermore, 28 % of integrated lessons were
taught with some supplementation, while 33 % of subject-specific lessons were so
taught (overall, 81.96 (14.50) for integrated, 74.93 (18.29) for (SS)) (McNaught
et al., 2010, pp. 12-13). However, there was considerable variation in curriculum
implementation between year-levels 1 and 2. Year 1 teachers’ implementation index
values were much closer, and higher than the summary values for all teachers in the
study, whereas year 2 teachers had wide variation in OTL and ETI, with values for
teachers of year 2 integrated much lower that those for teachers of SS. This study
provided a major opportunity to interpret student learning outcomes in relation to
variation in implementation fidelity, and led to the conclusion that unless informa-
tion on textbook use is considered, interpreting findings on student learning out-
comes related to a curricular treatment can easily lead to unfounded conclusions.
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Teacher, classroom, and student data: explaining variation in student outcomes.
The COSMIC project design required the accumulation of a wide variety of stu-
dent- and teacher/classroom-level factors as potential moderators of curricular
effects (eventually analyzed using HLM). The project gathered extensive teacher-
level data (nearly 30 variables) from an initial and mid-year teacher survey, teach-
ers’ self-reports on curriculum implementation (the three indices developed from
Table of Contents records), and classroom observations. The teacher data were sub-
jected to principal components analysis and eventually were reduced to seven key
teacher-level factors that explained approximately 70 % of the variance in the origi-
nal data set. The factors clustered around two themes: curriculum implementation
(the classroom learning environment, implementation fidelity, use of technology,
and OTL) and teacher characteristics (their adherence to and practice of NCTM
Standards-based instruction, their teaching and curriculum experience, and profes-
sional development) (Grouws et al., 2013; Tarr et al., 2013). Student achievement
on the dependent measures was subsequently examined for their relationship to the
student- and teacher (classroom)-level factors.

Overall, the extent and richness of student, teacher implementation, and class-
room observation data gathered through the curriculum evaluation model, COSMIC
was able to develop a more textured understanding of curricular effectiveness than
had been accomplished to date.

COSMIC reported on student outcomes by adjusting the scores for students’
prior achievement and then aggregating them by teacher (Tarr et al., 2010). The
outcomes were reported as residualized gain scores by feacher, in recognition that
the unit of analysis should not be the individual student (NRC, 2004).

For year 1 course comparisons, the following represent some of the noteworthy
results: over all three measures of learning, (1) while several student-level variables
were statistically significant predictors of students performance, consistent with
previous studies (prior achievement, gender, ethnicities, and special needs); (2) the
organization of the curriculum was the single most important factor in the modeling
of performance on the tests, with large effect sizes for the test of common objectives
and the problem solving test, and somewhat smaller for the Iowa Test of Educational
Development. Numerous other factors were statistically significant predictors of
performance on some, but not all the measures, and there were statistically signifi-
cant interactions of factors for performance on one or another of the tests.

For the study of the year 2 courses (Geometry and Core-Plus 2), similar results
were seen. However, while many of the individual student level variables were sta-
tistically significant predictors of performance on one or more of the measures, for
year 2 course students, the CPA index was by far the strongest predictor, with effect
sizes greater than 0.5 on all three measures. And perhaps most notably, the curricu-
lum type had little effect on the outcomes on either the test of common objectives
or the problem solving test for this year level, but the integrated curriculum had a
significant favorable effect on performance on the Iowa Test.

An examination of partial correlations found that when controlling for %FRL, the
magnitude of the correlation between Curriculum Type and student outcomes
became significantly significant in favor of the integrated curricula, for all three tests.
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OTL independent of curriculum was also significantly and positively correlated with
higher performance on all three outcome measures.

The importance of OTL is substantially reduced with the partialing out of Class-
level %FRL, suggesting that %FRL and OTL may be closely related. While it is
possible that the relationship between OTL and %FRL may be attributable to a dif-
ferential (slower) pace of content coverage in classes with higher percentages of
FRL students, the result—less opportunity to have learned the material—suggests
there is a need for active intervention to address this resulting inequity of opportu-
nity (note: the study did not address school effects). Since teachers of integrated
curricula covered significantly less textbook content than teachers of subject-
specific curricula, a difference in coverage (as a percent of the curriculum topics
that were taught) may have moderated the effect of Curriculum Type. Further, this
study indicates that by controlling for OTL and %FRL, one can more carefully
measure the impact of curriculum on student learning.

The year 1 study showed students studying from the integrated curriculum out-
performing students studying from single subject curricula on all three measures,
but the year 2 results were less clear-cut—while there was a significant effect of the
integrated curriculum on the standardized test, there was no significant effect of cur-
riculum on the two project-developed tests. However, prior achievement was a very
strong predictor of student learning on all three tests, for both year-level studies.
The COSMIC study produced many other results, showing more subtle correlations
of student- and teacher-level factors with the student outcomes, as well as more
interesting pairwise interactions, than can be discussed here.

No simple answers. Policy makers, administrators, and even practitioners ask
whether an integrated program generates (causes) better, worse, or the same learn-
ing (outcomes) as a single-subject curriculum. Overall, the COSMIC study illus-
trates that it is unwise to expect curricular studies to yield such simple answers
about curricular effectiveness. The authors note further that the study generalizes
only to schools that offer both curricular options, and only if student choice (rather
than tracking decisions) determines which students enroll in the two curricula.
Unless these conditions are met, the study offers no definitive answer.

However, the COSMIC study yields far more contributions and insight than its
statistical “curricular effects.” These insights reflect the nature of complex systems.
Consider what one could learn from this study that pertains to “engineering [for]
effectiveness.” COSMIC researchers have provided a protocol for creating and
using appropriate multiple outcome measures to compare two curricula, first deter-
mining the extent to which they cover the same material, and, second, by selecting
common topics by which to create a “fair test.” If a district instead wants to know
how curricula affect performance on a measure that assesses common standards,
such as the Common Core State Standards, the study describes how to recognize
and select such a reliable and valid test. It also illustrates how the choice of outcome
measure interacts with the curriculum’s effects. In systems with causal cycles, mea-
sures can also drive the system towards improvement, so such insights into analyz-
ing outcome measures can facilitate important discussions of high-priority goals.
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The COSMIC study also illustrates the value of disaggregated data for revealing
and identifying relevant bands of variability that may warrant closer inspection. The
study reinforces many other findings that the higher the percentage of students eli-
gible for FRL, the lower the OTL. However, OTL was typically a significant mod-
erating effect on student performance on one or more of the tests, while FRL did not
have a statistically significant effect. The study further suggests that the effects of
the curriculum in favor of integrated math become more evident when FRL mea-
sured at the classroom level is partialed out. Arguably, these findings suggest that
using integrated mathematics curriculum could be a considerable educational ben-
efit to students with low SES, but may nonetheless require teachers to receive sub-
stantial assistance to increase students’ “opportunity to learn.” At the class-level,
experience (in teaching, and in teaching the specific curriculum) was a significant
moderating factor, with students taught by experienced teachers (3 or more years of
experience) achieving more than students of inexperienced teachers.

Practitioners and policy makers ask whether an integrated program generates
better, worse, or the same outcomes as a single-subject approach. The COSMIC
study design reflected the complex nature of curriculum organization and imple-
mentation, illustrating that it is unwise to expect curricular studies to yield simple
general answers. It provides further insight into the inherent weakness of any simple
statement that a curriculum is more or less “effective” than another.

The COSMIC study informs readers about the complexity of curricular imple-
mentation, as comprising the classroom learning environment (focus on sense-
making, reasoning about mathematics, students’ thinking in instruction, and
presentation fidelity), implementation fidelity (ETI, TCT, textbook satisfaction),
technology and collaborative learning, and OTL. These results suggest that in addi-
tion to focusing on OTL, school leaders need to help teachers to understand the
standards, focus on student reasoning and sense-making, and learn to achieve clo-
sure during instruction. In relation to Fig. 1, this suggests that the factors involved
in implementation rest within the circle and that their connections to the two book-
ends in the drawing provide guidance and feedback.

Overall, the COSMIC study results so far suggest that the use of integrated math-
ematics in year 1, at least, and possibly year 2, may offer considerable learning
opportunities for students across the spectrum. Implementation of the integrated
curriculum is not a simple matter. In a North Carolina study, based on an analysis of
reports from content specialists’ monthly observations of teachers’ practice, we
found that teachers using an integrated mathematics curriculum with low SES stu-
dents often lost a great deal of time in transitioning to problems in integrated math,
tended to be reluctant to turn over authority to students, and missed opportunities to
establish closure (Krupa & Confrey, 2010). In a case study of one teacher, instruc-
tional coaches engaged in specific and targeted activities with the classroom teacher,
and the teacher was able to transform her instructional practices and in fact became
a role model for new teachers at the school (Krupa & Confrey, 2012). In studying
multiple cases of teachers in these schools, Thomas (2010) showed that providing
adequate support to teachers can transform practice, but that this is very difficult to
accomplish, due to weakness in teacher knowledge and to those teachers’ views of
instruction. Disentangling these complex relationships may be easier to accomplish
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in studies seeking improvement over time in the context of smaller studies. Our
studies, funded as a Mathematics-Science Partnership through a state department of
education, permitted us to form a networked community for improvement, among
University researchers, faculty from the state School of Science and Mathematics, a
semi-autonomous school organization committed to improving rural education,
and—-critically—in-service teachers and principals. Our efforts could have greatly
benefitted from richer and more continuous data sources informed by research tools
such as those developed for COSMIC.

Case Two: Comparing Effects of Four Curricula
on First- and Second-Grade Math Learning

A second major study on curricular effectiveness provides another example of the
potential contributions of nuanced study that goes beyond simple claims of cause
and effect. The study “Achievement Effects of Four Early Elementary School Math
Curricula: Findings for First and Second Graders” (Agodini et al., 2009, 2010),
examined whether some early elementary school math curricula are more effective
than others at improving student math achievement in disadvantaged schools (57 %
of schools included in the study were school-wide title 1 eligible, compared to 44 %
nationwide). The authors (R. Agodini, B. Harris, M. Thomas, R. Murphy,
L. Gallagher, and A. Pendleton) studied the implementation of four contrasting
curricula: Investigations in Number, Data, and Space (“Investigations”), featuring
a student-centered approach encouraging metacognitive reasoning and drawing on
constructivist learning theory (Wittenberg et al., 2008), Math Expressions, blending
student-centered and teacher-directed approaches to mathematics (Fuson, 2009a,
2009b), Saxon Math (Saxon), a scripted curriculum relying heavily on direct
instruction in procedures and strategies with guided and distributed practice
(Larson, 2008), and Scott Foresman-Addison Wesley Mathematics (SFAW), a basal
curriculum that combines teacher-directed instruction with a variety of differenti-
ated materials and instructional strategies (Charles et al., 2005a, 2005b). Math
Expressions and Investigations are both “reform” curricula whose development had
been either initially funded by the National Science Foundation or based on research
with considerable NSF funding. A total of 473 districts were invited, but only 12
agreed to participate in the study—a recruitment rate of 2.5 % (Agodini et al., 2010,
p. 10).% In all, 109 first-grade classes and 70 second-grade classes were randomly
assigned to a curriculum within districts.

3The authors acknowledge that this low rate leaves an “open issue, which cannot be examined with
the study’s data, is whether the potential differences between participating and nonparticipating
sites are related to the study’s findings” (p. 14). The conditions of the study, in particular the need
for a district to assign different curricula to schools at random, could be viewed by many districts
as unacceptably burdensome or arbitrary, and conflict with their own judgment about the most use-
ful curriculum, or simply be at odds with district policy and/or fiscal constraints.
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The study addressed three broad questions (Agodini et al., 2010, pp. 4-5):

1. What are the relative effects of the study’s four mathematics curricula on first-
and second-graders’ mathematics achievement in disadvantaged schools?

2. Are the relative curriculum effects influenced by school and classroom charac-
teristics, including teacher knowledge of math content and pedagogy?

3. [Based on subsequent statistical analysis—] What accounts for curriculum dif-
ferentials that are statistically significant?

Student mathematics achievement outcomes were based on fall and spring
administrations (pre- and post-administrations) of the ECLS-K assessment (devel-
oped for the National Center for Education Statistics’ Early Childhood Longitudinal
Study-Kindergarten Class of 1998-1999), a nationally normed adaptive test.* Other
data were drawn from student demographic and school data, teacher surveys, study-
administered assessments of math content and pedagogical content, and scales of
instructional practices and approaches derived from classroom observations.

The study results were reported as pairwise comparisons of the curricula, for
student outcomes (six pairwise comparisons) for each grade. After 1 year of schools’
participation, average first-grade math achievement scores of Math Expressions and
Saxon Math students were similar and higher than those of both Investigations and
SFAW students. In first-grade classrooms, average math achievement scores of Math
Expressions students were 0.11 standard deviations higher than those of
Investigations and SFAW students. These results were interpreted to mean that, for a
first grader at the 50th percentile in math achievement, the student’s percentile rank
would be 4 points higher if the school had used Math Expressions instead of
Investigations or SFAW. In second-grade classrooms, average math achievement
scores of Math Expressions and Saxon Math students were 0.12 and 0.17 standard
deviations higher than those of SFAW students, respectively. For a second grader at
the 50th percentile in math achievement, these results mean that the student’s per-
centile rank would be 5 or 7 points higher if the school used Math Expressions or
Saxon Math, respectively.’

“The test is adaptive in that students are initially administered a short, first-stage routing test that
broadly measures each student’s achievement level. Based on the first-stage scores, students are
then assigned one of three second-stage tests: (1) easy, (2) middle-difficulty, or (3) difficult. Scale
calibration among the second-stage is accomplished through overlap of items on the second stage
tests and item response theory (IRT) techniques, by which scores from different tests are placed on
a single scale.

3 Another way the authors interpreted these differences was to consider the average score gain by
grade in the lowest quintile of SES on ECLS (16 points in first grade) and to convert the .1 effect
size into points using the reported standard deviation of 10.9, getting a difference of 1.09 scale
points. Comparing 1.09 to an average gain of 16 scale points, they describe an effect size of .10 as
having an effect of 7 % of the gain over first grade. Thus the differences in student results reported
between curricula account for between 7 and 14 % of the content as measured by the ECLS
assessment.
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This study, in some ways similar to the COSMIC study, examined curricular
implementation, and reported on such factors as the use of the curriculum, the
amount, frequency, and stated reasons for supplementation, the availability of sup-
port, amount of professional development, distribution of uses of instructional time,
and focus on particular content areas. Teachers reported varying coverage of math
content areas across the curricula. They determined that variation in coverage (num-
ber of lessons on a topic) of 19 out of 20 content areas was significantly different
across all four curricula. However, in pairwise comparisons of the curricula, “there
was no clear pattern [regarding] which curriculum [coverage] differences are sig-
nificant.” (p. 57): some pairwise differences in coverage were statistically signifi-
cant and others were not.

For Table 1 below, we selected some implementation differences that could have
affected student-learning outcomes. For instance, teachers received twice as much
initial (voluntary attendance) professional development for Expressions than for
other curricula (with >90 % of first-grade teachers reporting attendance at initial
training sessions for all the curricula, but 80-97 % of second-grade teachers attend-
ing, with Math Expressions having the highest attendance rate). Teachers of Saxon
Math taught math an additional 20 % of the time each week, teachers of Math
Expressions used more supplementation materials while Investigations teachers
used less, and 16.2 % of Saxon Math teachers and 21.1 % of SFAW teachers had
taught with those curricula previously, compared to less than 6 % for each of the
other two curricula. It should be noted that Math Expressions and Investigations are
based more intensively on student-centered instructional approaches and represent
pedagogical approaches that require extensive teacher preparation. Not surpris-
ingly therefore, implementation reports show that higher percentages of first- and
second-grade Investigations and Expressions teachers report feeling only “some-
what” or “not at all” prepared to teach their curriculum, compared to teachers of
Saxon Math or SFAW.

The study’s authors also conducted an analysis of the extent to which teachers
adhered to their assigned curriculum. “Adherence” referred to the extent to which a
teacher taught the curriculum using practices consistent with the curriculum devel-
opers’ model. (In the NRC report, the philosophy of a curriculum’s designers (“pro-
gram theory”) was distinguished from the application of the curriculum during
implementation (“implementation fidelity”’).) The study measured adherence via a
teacher survey and a classroom observation instrument, as the extent to which
essential features of the assigned curriculum were implemented. The results shown
in Table 2 suggest that teachers were more likely to adhere to designers’ intentions
in the Saxon Math program than in the Expressions program.

In an exploratory look at what might account for the relative curricular effects,
the researchers examined the instructional practices that occurred across different
curricular types (in contrast to adherence) based on the observational data. They
conducted a factor analysis, yielding four factors: (1) student-centered instruction,
(2) teacher-directed instruction, (3) peer collaboration, and (4) classroom environ-
ment. The analysis across the curricular pairs indicated that student-centered instruc-
tion and peer collaboration were significantly higher in Investigations classrooms



J. Confrey and A. Maloney

388

1'1e

Y

1Y

9T

S'LT

0'C/6'16
1°2/66

(dnoi3) syoom
90— K19AQ Y $—¢
1’6

001

Kep |

MVAS

91

69

19

0]

8¢
¥'0/L°99
V0/evL
(s3uneawr QUO-U0-aUO)
[[eJ ur 20uUQ
9l

091

Kep |

IR UOXES

9'¢

Y

0¢

PESY

I'ce

S0/7'C8
9'0/S°06
(s3uneawr 9uo-uo0-9uo)
Ieok B 90IM],
1'9¢

L'ee

skep ¢

suorssaxdxg

Y

¥'S

s

LTI

8YI

€UY'L6
9'T/SS6
(dnoi3) syoom
O—f ATOAQ ] $—¢
Tee

€'€eC

Kep |

suoneS1SoAU]

SI9U0B9) 9peIS-)SIl]
SI9YOB9) 9PeIS-pu0dds
SI9YOEBa) 9peIS-1SIL]
SIYOBI) OpEIS-PU0IAS
SIOUOBJ) OpeI3-)SIL]
SIYOB?) 9peIS-pPuU0IAS
SI9UoB9) 9peIS-1SIL]

szoysiiqnd £q pajrodoy
SI9UOEd) 9pBIS-pu0dS
SI9UOBQ) 9peIS-ISIL]
SIoYoe9) [V
sjuapuodsay]

(%) 134 snoraaid ay) wn[noLLIND pauJIsse pas)
Yoom 1ad jySne) smoy

(%) winnorumd pajusweddng
sKep/paredronied g, Jururern; dn-mo[og

pa1agjo Sururen) [eUONIPpPY

(%) Sururen 1o)ye paredaid A1oyenbope

.JTe 1€ 10U IO JeymowIog,, papuodsay]
(1ooyds jo Aep is1y 03 Joud) paraygo (4 [enmy

suonejuowd[duw Je[NOLLIND JUAISYIP 10J SI[qeLIeA Uonejusw[dwI UT SOOUAISHIP PAIdRS [ dqBL



Engineering [for] Effectiveness in Mathematics Education... 389

Table2 Adherence to a curricular program’s essential features, as percentage of features implemented

Investigations | Expressions | Saxon Math | SFAW

Survey First-grade teachers 66 (3) 60 (4) 76 (1) 70 (2)
(self-report) Second-grade teachers | 67 (3) 54 (4) 76 (1) 68 (2)
Observation of | First-grade teachers 56 (2) 48 (4) 63 (1) 54 (3)
daily essential | Second-grade teachers | 53 (2-3) 47 (4) 65 (1) 53 (2-3)
features

Average 60.5 (3) 52.25 4) 70 (1) 60.75 (2)

Numbers in parentheses indicate the relative ranks of the curricula for each row (pp. 65-67)

than in classrooms using the other three curricula. Teacher-directed instruction was
significantly higher in Saxon Math classrooms than in classrooms using the other
three curricula. The classroom environment did not differ across curricula.

Additional analysis indicated that some of these implementation factors act as
mediators of achievement outcomes. The study’s design, however, permitted exam-
ination of only one mediator at a time. This constraint meant that while differences
in professional development for Expressions mediated the curricular effect, the
authors could not relate this to the mediational effects of less prior experience with,
and teachers’ reports of less preparedness to teach, the curriculum. Likewise, Saxon
Math teachers were reported to have had 20 % more instructional time, which medi-
ated the Saxon Math-SFAW difference in curricular effect. The study design, how-
ever, does not permit assessment of combined effects of interactions between
instructional time and likelihood of having taught a curriculum before. The authors
interjected that a more rigorously designed study of mediation could disentangle the
relationships among the mediators (p. 102). In any case, the examinations of imple-
mentation variables as mediators of curricular effects make it clear that one must
always interrogate the results to understand the nuances in a causal study’s assump-
tions and claims.

Among the many accomplishments of the Agodini et al. (2010) study was the
identification of means to measure a considerable number of factors that comprise
classroom practice. The study reports on a variety of factors that are worth examin-
ing, even if they were not demonstrated to be statistically significant contributors to
differentiated curricular effects. For instance, the study reports low levels of math-
ematical knowledge on the part of elementary teachers, and while this was not dif-
ferentially related to curricular effectiveness in the study, this is a persistent issue in
elementary teaching that needs to be addressed. The study also makes a useful dis-
tinction between implementation factors that apply to any curriculum, and adher-
ence, which pertains to the specific intentions of each curriculum’s design; the latter
is a curriculum-specific measure of teachers’ fidelity of implementation of specific
features/activities.

The Agodini study also exhibits limitations and threats to its validity: reliance on
only a single student outcome measure (the ECLS-1 and -2), and the absence of a
method to check the “fairness” of that outcome measure across the curricula. These
are in contrast to the call in On Curricular Effectiveness for multiple measures and
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for outcome measures that demonstrate “curricular validity of measures” (also
called “curricular sensitivity””) and “curricular alignment with systemic factors”
(NRC, 2004, p. 165). Such a notable weakness with regard to the outcome measures
unfortunately leads to major problems with the interpretation of the study’s conclu-
sions. The size of the curricular effect, 7—14 gain points on the scaled score, could
be the result of a few key assessment items.

The study benefits—as an experimental study—from randomized assignment of
curricula to teachers (classrooms) within the district, but this feature of the study
came at a high cost to its external validity. Few districts were willing to randomly
assign curriculum to teachers, calling into question the generalizability of the
study’s results. Secondly, conducting a study of curricular effectiveness during the
first year of a curriculum’s implementation, and providing only 1-2 days of profes-
sional development for primary teachers, must weaken confidence in the validity of
comparisons of curricular effectiveness. For instance, reports of high levels of sup-
plementation by Expressions teachers could be due to the teachers’ use of prior,
more familiar materials. If this were the case, should one draw the conclusion that
Expressions itself was “effective” under these conditions?

Furthermore, the authors also described teachers’ reports, for each curriculum, of
the frequency of teaching particular content topics (whole numbers, place value,
etc.). If an analysis of the test had been performed, and included in the study, one
might have been able to discern patterns in the relationship between students’ OTL
the different topics and the outcome measure scores.

The Agodini et al. study offers far more insight into curricular effectiveness than
is captured by its conclusions of “cause and effect.” As with the COSMIC study, it
makes progress on establishing implementation factors. Both studies identify simi-
lar factors, such as adherence vs. implementation fidelity, the use of student collabo-
ration, and the use of general instructional approaches (student-centered and
teacher-directed vs. standards-based instruction). Both examine content variations,
one by conducting content analyses and then measuring OTL as teachers imple-
mented, and the other by relying on teacher reports of number of lessons by content
area and adherence to essential features of each curriculum. By designing different
means of capturing the variations in these factors, these studies help us to progress
in our understanding of the complexity of curricular use.

Case Three: The Relationship Among Teacher’s Capacity,
Quality of Implementation, and the Ways of Using Curricula

A third study, “Selecting and Supporting the Use of Mathematics Curricula at
Scale,” is a study of curricular impacts on implementation guality with respect to
teachers’ capacity and ways of using the materials, rather than a study of effective-
ness (as based on student outcomes) (Stein & Kaufman, 2010). The study involved
two districts using reform curricula, one using Everyday Math (EM) and the other
using Investigations, in order to begin to answer the question of “What curricular
materials work best under which kinds of conditions?” (p. 665)
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The authors initially analyzed the two curricula with respect to the frequency of
two kinds of high cognitive-demand tasks: “procedures with connections to con-
cepts, meaning and understanding” (PWC) tasks and “doing mathematics” (DM)
tasks (Stein, Grover, & Henningsen, 1996). They characterized PWC tasks as “...
tend[ing] to be more constrained and to point toward a preferred—and conceptual—
pathway to follow toward a solution,” and identified 79 % of the tasks in Everyday
Math as PWC tasks. They characterized DM tasks, in contrast, as “...less structured
and [not containing] an immediately obvious pathway toward a solution” (Stein &
Kaufman, 2010, p. 665), and identified 84 % of the tasks in Investigations as DM
tasks. Based on these differences, they conjectured that it would be less difficult for
teachers to learn to teach with EM than with Investigations. DM tasks are more dif-
ficult to implement faithfully, because they support open-ended discourse, which is
often difficult to manage and require more of the teacher’s own learning (Henningsen
& Stein, 1997). In contrast, PWC tasks are more bounded and predictable, but are
susceptible to “losing the connection to meaning” (Stein & Kaufman, 2010). Stein
and Kaufman also documented that there is less professional development support
embedded in the EM materials than in the Investigations materials, mirroring the
conventional wisdom that teaching with the EM is less challenging than with
Investigations curricula.

From these analyses, the study characterized EM as a low-demand, low-support
curriculum, and Investigations as a high-demand, high-support curriculum. They
then investigated how the implementation of these two contrasting reform curricula
might differ, particularly with respect to the quality of implementation and its rela-
tionship to teacher characteristics.

Using classroom observations, interviews, and surveys, the researchers com-
pared implementation of the two reform curricula in two districts that were similar
in terms of the (high) percentage of students eligible for FRL (86 and 88 %). They
studied implementation of the curricula by six teachers (one per grade level) in each
of four elementary schools in each district over a period of 2 years. Observations
(with examples) were conducted on three consecutive lessons in each of fall and
spring, and coded for the extent to which teachers were able to (1) sustain high
cognitive demand through the enactment of a lesson, (2) elicit and use student think-
ing, and (3) vest the “intellectual authority in mathematical reasoning,” rather than
in the text or the teacher. Together, high values on these three dimensions character-
ized high quality implementation.

Using surveys, observations, and interviews, they examined two teacher charac-
teristics: teachers’ capacity (defined as comprising years of experience, mathemati-
cal knowledge for teaching (MKT), participation in professional development, and
educational levels) and their use of curriculum (teachers’ views of the curriculum’s
usefulness, percentage of time teachers actually used the curriculum in lessons, and
what teachers talked about with others in preparing for lessons—including non-
mathematical details, materials needed for the lesson and articulation, and discus-
sion of big ideas.)

In answering their first question, “How does teachers’ quality of implementation
differ in comparisons between the two mathematics curricula (Everyday Mathematics
and Investigations)?” (Stein & Kaufman, 2010, p. 667), they found that teachers
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from the district using Investigations were more likely to teach high quality lessons
than teachers from the district using Everyday Math (it must be noted again, how-
ever, that this study did not investigate the relationship of instructional performances
to student outcome performance, but rather the “less-studied link between curricula
and instruction,” p. 668). Teachers implementing Investigations were more likely to
maintain the cognitive demand (6.7 >4.9, on a scale of 2-8), to utilize student think-
ing more (1.1>.5, on a scale of 0-3), and to establish norms for the authority of
mathematical reasoning (1.2>.4, on a scale of 0-2).

Their second question across the two districts and curricula was, “To what extent
are teachers’ capacity and their use of curricula correlated with the quality of their
implementation, and do these correlations vary in comparisons between the two
mathematics curricula?” (p. 667). The study found that most of the teacher capacity
variables were not consistently and significantly related to the quality of implemen-
tation. In the district using EM, higher performance on MKT surveys was negatively
correlated with the use of student thinking and with establishing the authority of
mathematical reasoning in the classroom. In the district using Investigations, corre-
lations of implementation quality with teacher capacity were positive but not signifi-
cant. And while no clear relationship was found between either hours or type of
professional development to implementation quality in the district using EM, in the
district using Investigations, the amount of professional development was (posi-
tively) significantly correlated with all three components of implementation quality.

The study shows that implementation quality cannot be inferred from content
topic analysis alone but depends also on the kinds of tasks (how the tasks are struc-
tured) that are used to promote student learning of those topics. It also suggests that
implementation quality appears to relate more strongly to the extent of professional
development support both facilitated by the district and afforded within the materi-
als, than to other traditional capacity variables such as teachers’ education, experience,
and their MKT.

Across the two districts and curricula, the discussion of big ideas during lesson
planning was the only teacher’s-use-of-curriculum variable that was significantly
and positively correlated to implementation quality components (and then to only
two of those: attention to student thinking and authority of mathematical reasoning).
Further, the authors reported that this tendency was more evident in the district
using Investigations. In explaining this difference, they reported that teachers using
Everyday Math indicated that frequent shifts in topics in the spiral curriculum
tended to make identification of big ideas more difficult, while in Investigations, the
“doing math” tasks led teachers to focus more on big ideas. These findings were
somewhat counterintuitive because it had been thought that Investigations was more
difficult to implement because it has a much higher percentage of DM tasks than
does EM. The consideration of big ideas during instructional planning was strongly
linked to high quality implementation of both curricula, and was also more engaged
in by teachers implementing the curriculum that focused more extensively on DM
tasks (Investigations).

Stein and Kaufman (2010) note that this work “provides evidence that one can-
not draw a direct relationship between curriculum and student learning” (p. 688).
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They asked, “...what elements of teacher capacity interact with particular curricu-
lum features to influence what teachers do with curriculum. Thus, our focus is on
which program leads to better instruction under what conditions” (p. 668, italics
added). They suggest reorienting the concept of teacher capacity to incorporate the
interaction of curriculum as tool with how teachers use the curriculum, and that
study of how curriculum use over time interacts and promotes improved instruction
would be a very fruitful path of research. In essence, by suggesting that “...curricula
could be viewed not only as programs to be implemented, but as tools to change
practice” (p. 688), they are suggesting that curricular effectiveness might eventually
be considered not a static value or a product’s claim, but instead a process of improve-
ment of instruction through interaction between curriculum and how it is used.

Overall Conclusions from the Three Cases

Juxtaposing the three cases reviewed here provides an opportunity to synthesize
advice for the conduct of future effectiveness studies. There has been a strong temp-
tation in the calls for, and the interpretation of, effectiveness studies, to try to iden-
tify something that works—that is, to identify one or more curricula (or in fact, a
single most effective curriculum for grade level or range) that can be adopted with
the expectation of subsequent, direct major improvements in student learning out-
comes. Calls for randomized field trials of curricular effectiveness have carried with
them the assumption that such experimental designs will provide the best evidence
that a curriculum is “effective.” We have asserted, and taken together, the studies
discussed in this chapter have shown this approach to be poorly conceptualized,
underestimating the collective and cumulative impacts of coverage/OTL, imple-
mentation fidelity, and quality of instruction, not to mention differences in curricu-
lar structure, pedagogy, and content rigor.

We initially examined the three studies from a perspective of causality, to under-
stand whether and how they might inform us about the results of implementing and
comparing two or more curricula. Reviewing these cases, however, demonstrated
how tentative causal conclusions are, and reminded us that all studies have flaws
and limitations. The quest for the perfect curricular effectiveness study—and a
quest for a single most-effective curriculum—is highly unlikely to yield results that
are robust or extensive enough to guide practice. Each study provides insight into
some specific conditions under which certain factors played roles and certain out-
comes occurred, and that these depend on how constructs surrounding the imple-
mentation of the curricula were defined and measured.

The COSMIC study provides evidence of relative effectiveness of an integrated
curriculum compared to subject-specific curriculum when students are provided a
choice between those options. However, had multiple curricular alternatives been
available, or had ability tracking been used to assign students to the two curricular
options, the authors note, we do not know what the results of the study would have
been. It could also be the case that if teachers of integrated curricula were able to
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cover the same percentage of their text during a year as did teachers of a subject-
specific curriculum, student performance in integrated math would be even stronger
relative to that in the subject-specific curriculum. Practitioners choosing to apply
this study to their own curriculum selection decisions must weigh these consider-
ations, and must contextualize the results to develop expectations relevant to their
own settings.

Similarly, the Agodini et al. study reported that students taught using Expressions
outperformed students taught using the other curricula in both first and second
grades, with the exception of students using Saxon Math in second grade. It is pos-
sible however, that this effect may have resulted from the extra day of professional
development time or additional supplementation reported to be used by teachers for
Expressions, or from increased instructional time, in the case of Saxon Math.
Alternatively, it is feasible that all outcomes of this study could be attributable in
large part to the degree of fit of the curricula with the single ECLS outcome measure
used; if the study had used a different end-of-year assessment (or multiple measures
as in the COSMIC study) the results might have been quite different. Another pos-
sible interpretation is that by examining the effectiveness of curricula for only the
first year of implementation, the study’s results were necessarily skewed in favor of
Saxon Math and SFAW, which had higher levels of prior use and scripting, and that
the student outcomes would evolve considerably over a longer study period (allow-
ing more teacher experience with the assigned curricula), potentially re-ordering the
student learning results.

All studies are open to multiple interpretations; most are subject to various pre-
dictable (or emergent) limits to generalizability. In the Stein and Kaufman study, for
example, the stronger implementation quality of Investigations could have been
attributed to its design of curricular tasks, affordances for focus on big ideas, and/or
support for professional development. But perhaps the district that offered
Investigations simply supported its implementation with higher quality, more exten-
sive professional development.

These studies demonstrate further the complexity of curriculum’s relationship to
student learning. But some may ask whether the fact that these studies have some
conflicting interpretations or that they do not provide generalizable recommendations,
means that such investigations are not useful, or even a waste of time and money.
Are such studies of limited importance because we cannot know whether a study’s
results will accrue in a setting that differs from the original—and may require a
level of adaptation from the conditions for the study?

If the goal of curricular effectiveness studies were to decide unequivocally
whether a single product—a curricular program and its related materials—can be
simply dropped into classrooms and be expected to yield predictable learning gains,
then these studies fail to establish curricular effectiveness. More to the point, how-
ever, these studies instead bolster the recognition that this assumption about curricu-
lar effectiveness and its generalizability is mistaken, a false apprehension. Their
design is to provide more insight into the factors affecting effectiveness (and pos-
sibly leading to redefining the use of the term); their design and their execution
make them highly valuable to that end.
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We argue that these studies, especially when taken together, demonstrate why
simple causality is an insufficient model for judging effectiveness of a curriculum.
The message to be taken from them is that the instructional core is a complex sys-
tem, that many things matter to the implementation of a curriculum and to the learn-
ing that students can accomplish with different curricula, and that what matters
appears to depend in large degree on multiple factors, and different factors in differ-
ent situations. Context matters—the extent to which one serves disadvantaged stu-
dents, requires more resources, or requires teachers with stronger capacity or settings
in which professional development is supportive and sustained. Resources matter.
The quality of instruction, and the quality of curricular implementation, matter.

Most importantly, these studies contribute substantially to an understanding of
the instructional core. By the very fact that the experts who conducted the studies
have gained purchase on modeling the instructional core, they provide us insights
into the complexity of instructional systems. They identify interlocking factors, loci
of possible interventions, and a set of measures and tools that can help in the process
of becoming smarter and wiser about how curricular use in particular settings can
improve instructional quality and student outcomes.

These studies, we believe, provide the following lessons:

1. Outcome measures matter—and with the availability of Common Core State
Standards, we have the opportunity and the responsibility to create a variety of
measures in a cost effective way across districts and states (this is one of the prem-
ises of the Common Core assessment initiatives). The COSMIC study in particular
reinforces the notion that implementation or effectiveness studies require multiple
outcome measures which should (a) include measures that act as “fair” tests
(Chavez et al., 2010) to ensure non-biased comparison of student performance on
topics common to all curricula being examined, (b) include project-designed mea-
sures of reasoning and problem-solving, (c) be normed against relevant popula-
tions (e.g., college-intending students, ELS students) and used to make systemic
decisions (such as statewide end-of-course exams or new assessments of Common
Core State Standards), (d) assess the development of big ideas over time; learning
progressions are one way to conceptualize coherent curricular experiences and
their development over time, and (e) assess other dimensions of mathematics
learning, such as the mathematical practices in the CCSS, student attitudes, or
student intentions to pursue further study or certain STEM careers. The studies
showed that the categories by which outcomes were disaggregated were critical,
and were sensitive to interactions, such as by ethnicity and socioeconomic factors.
At the least, therefore, relevant data gathered in relation to performance measures
should include ethnic and racial diversity, gender, ELL, and FRL status, to support
the investigation of relevant bands of variability in effects and outcomes.

2. Monitoring what was actually taught, and why it was taught, is crucial to making
appropriate attributions in examining effectiveness. Monitoring should include
measures of curricular coverage (such as OTL and adherence), and of the type and
degree of supplementation (and the reasons for choices regarding these variables).
Different methods of monitoring curricular coverage and supplementation included
table-of-contents reports, surveys of relative emphasis, and textbook use diaries.
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3. A better understanding of the factors involved in the implementation of curricula
will add a wealth of insight to explanatory frameworks of curricular effective-
ness. Some factors should directly reflect the extent to which implementation
captures a designer’s specific intent, while others should address qualities that
apply across all curricula. These studies undertook many innovative methods of
data collection: surveys, intermittent and extended classroom observations with
various coding schemes, reports of instructional time usage, and interviews. In
one case, these were coded in predetermined, theoretically relevant categories—
maintaining cognitive demand of tasks, eliciting student thinking, and vesting
authority in mathematical reasoning. In the COSMIC and Agodini et al. studies,
high numbers of variables were identified a priori, and embedded in other instru-
ments (teacher surveys, for instance). Modeling the factors that can explain the
majority of observed variation for different levels of analysis (student, class/
teacher, school level, for instance) requires statistical techniques (factor analysis,
principal component analysis) to reduce the dimensionality of the vast amounts
of resulting data, and to identify and sort critical variables into appropriate clus-
ters (classroom learning environment, implementation fidelity, peer collabora-
tion, technology use, student-centered instruction, and teacher-directed
instruction). Selection of appropriate units of analysis, and hierarchical (multi-
level) linear modeling were essential (COSMIC, Agodini et al.) for modeling the
relationship and interactions of student- and teacher-level factors and their con-
tributions to the dependent measures of student learning. Research on identify-
ing, defining, and studying implementation factors (perhaps as latent variables)
promises to continue to grow and add to our understanding of curricular effects.

4. Issues of teacher capacity and professional development are critical in judging
curricular effectiveness, but not necessarily in a predictably simple or straight-
forward way; their influence varies depending in part on whether they are viewed
as a resource within a curriculum and its implementation, or as a factor that
interacts with implementation. Teacher capacity, a term that subsumes teacher
MKT, experience, education, and professional development, did emerge as influ-
ential in two studies (COSMIC,S Agodini et al.). In the third study (Stein &
Kaufman) however, its influence was mixed: while most teacher capacity factors
did not correlate in a significant positive way with implementation quality in one
district/curriculum, but some of the component factors correlated negatively and
significantly in the other. In that study, the amount of professional development
time, teachers’ access to assistance and support, and the ways in which teachers
used materials in planning (i.e., the degree of their focus on big ideas) and com-
municated with each other about curricular use emerged as the factors most
closely associated with implementation quality. On the other hand, professional
development was not significantly associated with student outcomes in the

5Though early results suggested that teacher experience was not significantly correlated with stu-
dent outcomes (Tarr et al., 2010), completed HLM analyses of year 1 data revealed that teaching
experience was a significant predictor of student outcomes on all three measures (Grouws et al.,
2013; Tarr et al., 2013).
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COSMIC study; teachers reported that they perceived little to no impact of their
professional development activities on their teaching practices, in part, because
they perceived the activities merely confirmed what they were already doing
(Tarr et al., 2013), and the study measured professional development in terms of
quantity not quality. The studies incorporate three perspectives on professional
development and teacher capacity—one in which these factors are viewed as a
resource for curricular implementation, one in which they could be viewed as a
factor that interacts with implementation, and one in which curricular implemen-
tation is seen as a tool for changing capacity and as a source of professional
development. To clarify how professional development and teacher capacity can
relate to curricular implementation and effectiveness will require additional
investigation.

5. How a study is situated in relation to educational structures and organizations may
eventually be important at a meta-level of understanding curricular effects and the
conclusions drawn. The location of each of the studies described here was driven
by issues of experimental design—for instance, the availability of two curricular
options without tracking (COSMIC), the dependence of a study on districts’ will-
ingness to randomly assign teachers to treatments (Agodini et al.), to support
extended observations over 2 years, and to provide researchers with access to
extensive teacher data. These issues were reported as features of the studies’
designs, but over time such they may themselves emerge as organizational factors
that are as important to curricular implementation as traditional organizational
characteristics as governance, decision-making, funding, and data use.

Engineering [for] Effectiveness: Summary
and Recommendations

These studies remind us how remarkably complicated are the interplay of curricula,
instruction, classroom assessment practices, and professional development. They
demonstrate that the instructional core is a complex system, exhibiting the first-
order traits of complex systems including interlocking parts, bands of variability,
feedback, causal cycles, interactions and emergent phenomena, and the need for
focus on continuous improvement. It is incumbent on policy makers, system lead-
ers, teachers, professional development and curriculum designers, and researchers,
to treat the entire instructional core accordingly: as a complex system. We suggest
therefore that rather than seek any grand causal effect from these or similar studies,
one should use them to learn more about possible ways to model and improve the
instructional core at the classroom, school, and district level throughout the USA.
We have come to believe that while curricular effectiveness has seemed an impor-
tant focus for study, we suggest that with the instructional core as the complex system
of which curriculum is one part, the focus for improvement should be the functioning
of the system itself. The proposal that follows from this is to focus on how to engi-
neer the instructional core for improved teaching and learning effectiveness—that is,
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to iteratively design and improve our way to a greater understanding of the operation
and strengthening of the instructional core. The studies recounted here have provided
some critical elements of such an endeavor, including identification of a number of
critical constructs, and creating measures to gauge and monitor them. Other research-
ers have argued for the importance of multiple methodologies (NRC, 2004) including
such approaches as design studies, which are useful in identifying mechanisms to
describe and explain interactions at the classroom level.

Many of the instruments outlined in the studies can be applied using networked
technological systems to gather data in real time. For instance, teachers could easily
record measures of curricular monitoring and adherence on an on-going basis.
Rather than impose lockstep pacing guides, based on external and untested models
of sequencing and timing (and instead of focusing on punitive responses if a teacher
or class falls off the pace), districts could require teachers to report and interpret how
they implement a curriculum, and learn from it. Records of when and why teachers
supplement curricular materials, become delayed, or experience difficulty with one
or more topics would generate more informative district-wide data about curricular
use, and become a means to use ongoing practice to inform future implementation,
especially from combining monitoring and supplementation data with disaggregated
student and school data. In the near future, along with electronically delivered cur-
riculum, the bulk of such monitoring could even be done automatically.

The studies asked teachers to complete a number of surveys regarding their
knowledge of standards, their beliefs about instructions, and their approaches to
certain kinds of practices, as well as core information about teacher capacity and
about their participation in professional development. Data from such surveys, gath-
ered periodically within technologically networked practitioner communities, could
be factored into models of curricular implementation, professional development
planning, and overall teacher community organization, with the goal of instructional
improvement at the individual teacher or classroom level, and at higher levels of
organization such as departments, schools, and districts.

Perhaps the most difficult data gathering tasks will be the collection of the kind
of real-time observational data required for analysis of many of the implementation
factors. While surveys and teachers’ own monitoring reports can shed light on these
issues, the collection of observational data, and its analysis via established, reliable
rubrics, will continue to be an essential, and costly, element. It will be challenging
to gather and use observational data to help define curricular, or, more broadly,
instructional effectiveness (even with some of new technologies for classroom
video recording becoming available). The use of video from such observations to
guide professional development may turn out to be a major driver in our efforts to
engineer for effectiveness going forward.

In this chapter, we concentrated on measures to permit comparison of curricular
implementation and effectiveness, and emphasized the importance of ensuring cur-
ricular sensitivity and the alignment of outcome measures to systemic factors. But
one can imagine that technological means of data gathering can enhance or trans-
form the kinds of outcomes recorded, measured, and reported.

Treating the instructional core as a complex system will support efficient design
and implementation of such new innovations in curricular implementation and
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prototype systems for gathering and analyzing relevant data. As these are created,
with the aim of engineering the instructional core for improved effectiveness, it will
be essential to consider the use scenarios of innovations—to ensure that the data gath-
ering fits into the work flow of engaging classroom activities (i.e., does not become
onerous for teachers’ workloads, and in fact reinforces their instructional efforts), that
the data neither artificially reduce nor diminish the complexity of the instructional
core, and that the statistical analytic approaches are robust and appropriate.

The ongoing improvement of the complex instructional core requires a “capacity
to inform improvement” (Bryk, 2009) that establishes regular flow of information,
feedback, and consultation within and among different levels of the educational
organization. This argues for the establishment, in schools and districts, of net-
worked improvement communities that include practitioners, researchers, technolo-
gists, and leaders who all participate throughout the work of achieving common
goals, the design, testing, and implementation of the innovations, recognizing pat-
terns and identifying sources of variability (Bryk et al., 2011).

All major complex systems (websites, health systems, communications, con-
sumer marketing, climate analysis, disaster relief) are moving to the use of data-
intensive systems with related analytics. What is most compelling in the studies
described here is that it is possible to infer from them how we should be developing
and deploying technologically enabled systems of data collection that will permit us
to (a) gather more complete types and quantities of data about what is happening in
classrooms, (b) become aware when a system exhibits patterns or trends toward
improvement, stagnation, or deterioration over time, and (c) learn how to drive
those systems towards improvement. Learning to undertake this level of analysis
would constitute second-order traits of these complex systems.

Several principles continually surface in considering the goal of improving the
instructional core: (a) curriculum matters; (b) instructional materials matter, because
these best express the enacted curriculum, and their importance grows as the scale
of implementation increases to the district level; (¢) coherence matters, because it is
critical in any complex system that all the moving parts align and mutually support
each other; (d) multiple processes combine to result in observed outcomes (Bryk
etal., 2011); (e) focusing solely on outcome data is not sufficient to support instruc-
tional improvement; and (f) managing and monitoring the implementation of tools/
programs/curricula is a key function of school and district leadership.

This review leads us to the conclusion that it should be a high priority to
design and implement technologically enabled systems that extend the capability of
district and state data systems to gather data that can inform improvement of
the instructional core, focused on curricular selection, use and implementation.’

"The components outlined here would not be a complete set to drive improvement in the instruc-
tional core. In an earlier version of this paper, we sought to discuss formative assessment and tie it
to the construct of learning trajectories, diagnostic assessments and instructional practices, but it
was too ambitious for a single paper. This second analysis will lead to an additional set of factors
and data elements to this system, and we hope to complete that paper as a companion to this one
in the near future.
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Based on this review, we believe that districts could make significant progress on
such an agenda in the areas of outcome measures, curricular monitoring, curricular
implementation factors, and professional development and capacity issues. To this
end, we outline a set of proposed actions.

Steps in a Strategic Plan to Strengthen the Instructional Core
in Relation to Curricular Use, Implementation, and Qutcomes

1. Form “networked improvement communities,” (Bryk et al., 2011) to define trac-
table problems on which to focus, establish common targets and develop precise,
measurable goals for the instructional core, across multiple levels of the system
(teachers and classrooms, researchers, schools, districts).

2. Construct databases of assessment items linked directly to Common Core State
Standards (using a set of relevant tags that distinguish among the features and
measures), a variety of outcome measures to yield fair tests, and tests aligned to the
CCSS. Focus on creating automated means of scoring that support the use of vari-
eties of item types (multiple choice, as well as constructed and extended response)
and concentrate on how to get meaningful data to teachers and students.

3. Develop and implement a means of analyzing, documenting, and notating the
alignment of a curriculum to the CCSS, and of creating a standardized means of
analyzing and representing content analysis of a curricular program.

4. Build a data system to gather and monitor data on curricular use, supplementa-
tion, and reasons for supplementation, gathered in real time.

5. Collect data on implementation factors such as those identified in the above
studies.

6. Link the data system and various data categories and outcome measures to stu-
dent, classroom, school, and district demographic data.

7. Link the data system to teacher demographic and survey data.

8. Find/develop/implement ways to conduct valid classroom observations (by
teachers, supervisors, principals, specialists) for professional development pur-
poses, and to triangulate these observations with teacher self-reports.

Finally, we argued that the value of the work rested in building models of the
complex system known as the instructional core, and in engineering that instruc-
tional core for effectiveness by designing and implementing data systems using
the constructs and measures developed by the studies. We suggest that treating the
instructional core as a complex system, and taking a stance of engineering the
instructional core for greater effectiveness of mathematical teaching, learning, and
reasoning—studying what is happening in the classrooms in terms of patterns,
trends, emergent behaviors, with deliberate sensitivity to variations in contexts—is
a means to accelerate improvement in instruction and student learning. Ironically,
by doing so, one could create a next generation of “best practices,” this time with a
focus on a continuously improving community in which research and practice draw
more directly and iteratively from each other.
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