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Explaining the Effects of School and 
Classroom Interventions

Educational policy researchers have increas-
ingly recognized that in studying the effective-
ness of an intervention, it is important to 
understand not only if the intervention increased 
student achievement but also why it did or did not 
work (O’Donnell, 2008). By exploring the causal 
mechanisms by which an intervention succeeded 
or failed, researchers can extend beyond evalua-
tions of efficacy to make theoretical contributions 
and practical improvements (Ruiz-Primo, 2005). 
Furthermore, because educational interventions 

are implemented in complex environments, it is 
important to examine how sensitive effects are to 
both context and heterogeneous implementation 
to guide theory and identify the conditions under 
which the intervention was more or less effective 
(e.g., Cook, 2002; Duncan & Magnuson, 2003; 
Heckman & Smith, 1995; Raudenbush, 2005).

In this study, we analyze implementation in 
the context of a clustered randomized control trial 
(RCT) of a middle school science intervention 
that administered professional development (PD) 
emphasizing principles of cognitive science (CS). 
Previous research on this intervention demon-
strated that the CS intervention was successful in 
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achieving small gains in student achievement 
compared with a business-as-usual control group 
(Scull, Porter, Merlino, & Massey, 2017; Yang, 
Porter, Merlino, & Massey, 2017). Contributing 
to our understanding of how implementation and 
contextual factors may influence the success of 
school/classroom-based interventions, we pro-
vide insights about the mechanisms by which the 
intervention worked and the contexts in which it 
was more successful.

Research Questions: The Role of 
Implementation

After establishing that implementation does 
matter for effects on students, we explore mecha-
nisms that may explain why some teachers had 
higher implementation scores than others. Using 
a combination of survey, achievement, and inter-
view data, we look inside the “black box” of 
implementation to evaluate several mechanisms 
by which the intervention may have yielded 
gains in student achievement.

First, we ask, to what extent does classroom 
implementation of the intervention mediate 
effects on student achievement? Here, we create 
a measure of implementation based on the fre-
quency with which teachers used the interven-
tion’s CS principles (taught in PD) in their 
teaching of science in the intervention class-
rooms. Second, because the intervention also 
relayed science content taught in the middle 
school curriculum, we ask, to what extent does 
teacher content knowledge mediate the effects of 
the intervention on student achievement? 
Previous research has underscored the important 
roles of teacher and classroom context in imple-
mentation (e.g., Holme & Rangel, 2012; 
McLaughlin, 2005); thus, in this study, we also 
ask, how and in what ways is teachers’ imple-
mentation of the intervention influenced by 
teacher experience, subject expertise (as mea-
sured by college major), and prior classroom 
achievement? Many interventions aim to raise 
achievement in low-achieving classrooms, so 
understanding how contextual factors may hin-
der the implementation of interventions has 
implications for improving how we support 
schools and teachers in their efforts to engage in 
improved practices. We use data from interviews 
with participating teachers to help understand 

and explain our findings from the quantitative 
analyses, further exploring why the intervention 
may have worked, and why it may be more dif-
ficult to implement in classrooms with lower 
prior achievement.

The Research Base for the Intervention

Prior research has suggested that using CS 
principles in teaching will increase student 
achievement in middle school science (Bransford 
& Schwartz, 1999; Chi, 2005; Hegarty, Kriz, & 
Cate, 2003). Teachers in our intervention study 
received PD on how to implement three CS prin-
ciples—contrasting cases, visualization, and 
spaced testing. Teachers additionally received a 
detailed Cognitive Science Casebook that pro-
vided written materials and classroom activities 
based on these principles.

Instruction that uses contrasting cases asks stu-
dents to read about, analyze, and compare two 
related ideas, events, or phenomena—for exam-
ple, evaporation from a puddle of rainwater and 
steam rising from a boiling kettle. This type of 
instruction helps students to identify and under-
stand key concepts, make inferences, and explain 
their reasoning (Chi, 2005; Chi, Bassok, Lewis, 
Reimann, & Glaser, 1989; Chi, De Leeuw, Chiu, 
& LaVancher, 1994). Use of contrasting cases has 
been shown to help students learn new materials 
and concepts (Bransford & Schwartz, 1999; 
Gentner, Loewenstein, & Thompson, 2003; Kurtz, 
Miao, & Gentner, 2001; Schwartz & Bransford, 
1998). The second principle, visualization, targets 
the difficulties middle school students have ana-
lyzing and interpreting visual representations such 
as charts, diagrams, and graphs (Hegarty et  al., 
2003). Instruction focused on visualization strate-
gies provides students with direct instruction and 
scaffolding to guide them through various depic-
tions, such as a line diagram depicting a water 
cycle. The third principle, spaced testing, is based 
on research that has shown that regularly testing 
students on material is more effective for students’ 
knowledge retention than simply reviewing the 
material (Roediger & Karpicke, 2006). To these 
ends, the intervention provided teachers with 
quizzes that they were to administer to their stu-
dents on particular days. These quizzes covered 
content that was recently taught as well as content 
from earlier in the unit.
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Classroom Implementation

The PD intervention tested in the RCT was 
designed to increase student achievement through 
the application of the principles of CS described 
in the previous section. As such, it is expected 
that the success of the intervention is related to 
the fidelity of teachers’ implementation of these 
principles (Cordray & Pion, 2006; Dane & 
Schneider, 1998; Moncher & Prinz, 1991).

Research on implementation fidelity and how 
it relates to the effectiveness of interventions is 
lacking, particularly in the field of education 
(O’Donnell, 2008). Despite an increased empha-
sis on the importance of measuring implementa-
tion in effectiveness studies (e.g., National 
Research Council [NRC], 2004; Winters, Wise, 
& Towne, 2004), implementation is still not often 
reported in effectiveness studies (e.g., U.S. 
Department of Education [USDOE], 2015), and 
in cases where it is, it tends to be a standalone 
measure that is not considered in interpreting 
effectiveness outcomes (Lendrum & Humphrey, 
2012; NRC, 2004). In a review of journals that 
published high-impact findings (i.e., that appear 
in articles that are frequently read and cited) from 
general and special education interventions 
between 2005 and 2009, Swanson, Wanzek, 
Haring, Ciullo, and McCulley (2011) found that 
out of 76 articles reviewed, only 67% provided 
fidelity procedures and only 47% provided quan-
titative data on implementation fidelity.

The process of examining implementation 
fidelity is complicated by several factors. First, 
there is not widespread agreement on how to 
define or measure implementation fidelity, which 
results in substantial inconsistencies in measure-
ment approaches across studies (O’Donnell, 
2008). Furthermore, local adaptation—which by 
its very nature causes variation in implementa-
tion fidelity—could be either beneficial or detri-
mental to an intervention (Berman & McLaughlin, 
1976; Blakely et  al., 1987; Durlak, 2010; 
Dusenbury, Brannigan, Falco, & Hansen, 2003). 
The tension between implementation fidelity and 
local adaptation has deterred the What Works 
Clearinghouse (WWC) from developing stan-
dards for measuring implementation fidelity. The 
WWC of the U.S. Department of Education 
(USDOE, 2015) explains that one might expect 
that competing demands placed on teachers 

result in variation in implementation and notes 
that this variation ought to be observed and 
described. For instance, teachers may adapt an 
intervention due to a lack of resources or to meet 
the needs of particular students (McHugo et al., 
2007; O’Donnell, 2008; USDOE, 2015). For 
these reasons, the WWC decided not to pursue 
standards for measuring or evaluating implemen-
tation fidelity. Instead, it highlighted the impor-
tance of understanding whether and why or why 
not an intervention is effective in a real-world 
setting (USDOE, 2015).

In our study, we examine implementation fidel-
ity and adaptation in an integrative way (Webster-
Stratton, Reinke, Herman, & Newcomer, 2011). 
Rather than viewing implementation fidelity as 
undercutting the potential value of local adapta-
tion, we see it as providing a more systematic 
way to contextualize the results of effectiveness 
studies. By using implementation fidelity as a 
tool for contextualizing results, we allow for a 
more comprehensive understanding of how and 
why an intervention did or did not work, 
thereby leveraging the strengths of measuring 
implementation fidelity to explain adaptation 
(Desimone, McMaken, & Cherng, 2010; 
Summerfelt, 2003).

There are many dimensions of implementation 
fidelity, and an array of terminology is used to 
describe these dimensions (Hulleman & Cordray, 
2009). For our study, we draw on Dane and 
Schneider’s (1998) five criteria for implementation 
fidelity, conceptualizing implementation fidelity as 
the degree to which the activities, materials, and 
procedures that comprise the intervention are 
administered as they were intended. Although 
Dane and Schneider (1998) recommend measuring 
all five components of implementation fidelity 
(i.e., adherence, duration, quality of delivery, par-
ticipant responsiveness, and program differentia-
tion), it is unclear whether fidelity on all five 
dimensions is necessary for a program to be effec-
tive in meeting its goals, whether student achieve-
ment, decreased drug use, or so forth (Dusenbury 
et al., 2003). In this study, we focus on one dimen-
sion of fidelity—teachers’ adherence to the inter-
vention. We measure adherence quantitatively 
with constructs from a teacher survey, and consider 
this measure of implementation fidelity as a poten-
tial mediator of the intervention’s effectiveness. 
For a more in-depth discussion of implementation 
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fidelity and the development of a quality measure 
for adherence as used in this study, see Desimone, 
Richards, and Hwang (2013).

Although many curriculum interventions are 
designed to improve the learning outcomes of 
low-achieving students, they are implemented in 
a variety of classrooms, and there is little research 
that compares implementation in higher and 
lower achieving classrooms to better understand 
potential challenges to implementation (Berends, 
Chun, Ikemoto, Stockly, & Briggs, 2002). With 
the goal of providing additional insights into the 
often-elusive contextual factors that may influ-
ence implementation, in our analysis, we con-
sider the extent to which factors including teacher 
experience, teacher major, and class prior 
achievement affect implementation fidelity 
(Durlak & DuPre, 2008).

The Role of Teacher Experience and Content 
Knowledge

While the intervention centered on implemen-
tation of CS principles, teacher expertise—both 
through content knowledge and experience—is 
another important pathway that may improve 
student achievement, making it a crucial variable 
to account for in studies that seek to explain 
teacher effects on student achievement (Hill, 
Rowan, & Ball, 2005; Schulman, 1986).

Even though teacher content knowledge has 
not received as much attention in the sciences as 
it has in mathematics (see Diamond, Maerten-
Rivera, Rohrer, & Lee, 2014), researchers have 
established a link between teachers’ knowledge of 
science and their students’ science achievement 
(e.g., Fleer, 2009; Shallcross, Spink, Stephenson, 
& Warwick, 2002; Supovitz & Turner, 2000). As 
in mathematics, there seems to be a consensus 
that elementary and middle school teachers, on 
average, do not have the strong science knowl-
edge needed to foster 21st-century science learn-
ing for students (e.g., Jüttner, Boone, Park, & 
Neuhaus, 2013; Nowicki, Sullivan-Watts, Shim, 
Young, & Pockalny, 2013). When teachers are 
well versed in science, however, research finds 
they are better able to support deep and meaning-
ful student learning across multiple science 
domains (Diamond et al., 2014).

Research on the role of teacher experience in 
student learning is mixed. Teachers’ effectiveness 

at increasing student achievement improves dur-
ing the first few years on the job (Clotfelter, Ladd, 
& Vigdor, 2007; Harris & Sass, 2007; Loeb, 
Beteille, & Kalogrides, 2012); however, teachers 
vary considerably in what they learn over time 
and how they translate that knowledge into prac-
tice, and there is much to be learned about how 
teacher knowledge and practice translates to stu-
dent learning, such as how long it takes, what 
types of knowledge translate to which practices, 
and so on (e.g., Domitrovich et al., 2009; Garet 
et al., 2010; Gowlett et al., 2015; Penuel, Fishman, 
Yamaguchi, & Gallagher, 2007).

There is a small amount of research on the 
role of teacher content knowledge and experi-
ence in predicting the frequency and quality of 
intervention implementation. For example, 
researchers have found that novice teachers are 
more likely to support reforms, such as instruc-
tional interventions, than are veteran teachers 
(e.g., Berends, 2000), and that interventions that 
ask teachers to perform complex conceptual 
tasks are more likely to be well executed by 
teachers with higher content knowledge in the 
subject area (e.g., Hill et  al., 2005; Metzler & 
Woessmann, 2012; Sadler, Sonnert, Coyle, 
Cook-Smith, & Miller, 2013). In our analysis, we 
seek to better understand the roles of teacher con-
tent knowledge and experience in explaining 
variation in student achievement attributed to the 
CS intervention.

Research Design

The data for our implementation analysis are 
drawn from a broader three-armed RCT that 
occurred in phases from 2009 to 2012. The RCT 
tested the effectiveness of a CS intervention 
against a business-as-usual control and a science 
content knowledge intervention, on two cohorts 
of three different science content units in seventh 
and eighth grade (see Figure 1). The intervention 
we report on here was conducted in a large urban 
city in the northeastern United States. To pro-
mote teacher collaboration and minimize con-
tamination across conditions, a cluster 
randomized trial was conducted—schools were 
randomized into one of the three arms: the CS 
arm, the content arm, and the control arm.

Although both the CS-based and content-based 
treatment groups were hypothesized to improve 
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achievement over the business-as-usual control 
group, the CS-based group represents the focal 
point of the larger RCT; the content-based group 
was included as a benchmark for comparing a 
more traditional content-based PD approach with 
the CS-based approach. That is, because the CS 
intervention’s adaptations to the curriculum (inclu-
sion of principles of CS) cannot be taught in isola-
tion (i.e., without also focusing on science content), 
in an effort to parse out what changes in student 
achievement came about through increased con-
tent knowledge as opposed to exposure to the prin-
ciples of CS, we also included a treatment condition 
that provided science content PD without the CS 
principles. We expected teachers in the content arm 
to increase their content knowledge more than con-
trol or CS teachers. Although we did not expect 
significant increases in CS teachers’ content 
knowledge, we wanted to be able to compare  
their content knowledge with the content arms’, to 
enable us to eliminate content knowledge as the 
mechanism by which effects did or did not occur.

Teachers in both treatment conditions partici-
pated in summer PD specifically targeting three 
units of Holt Science and Technology, a widely 
adopted, traditional textbook-centered curricu-
lum. The three units were Cells, Heredity, and 
Classification (hereafter Cells); Inside the 
Restless Earth (IRE); and Introduction to Matter 
(ITM). We chose to study three units to establish 
generalizability of this approach to science 
instruction across various content areas. The 
three units chosen for the intervention are stand-
alone units that are congruent with each other 
(thus assessable on a common measure) and were 
aligned to the state’s science standards.

Teachers in the CS treatment condition received 
PD focusing on three core CS principles that have 
previously been linked to increases in student 
achievement: contrasting cases, visualization, and 
spaced testing (Alfieri, Nokes-Malach, & Schunn, 

2013; Carpenter, Cepeda, Rohrer, Kang, & Pashler, 
2012; Cromley et al., 2010; Newcombe, 2013). 
Teachers in the content treatment condition 
received PD in the general topic areas covered in 
middle school science, and teachers in the busi-
ness-as-usual control group participated in any 
normal PD offered by their school and/or district. 
The summer sessions for the CS condition focused 
on specific modifications to the science curriculum 
as well as how and why these principles of CS 
should be integrated into the curriculum during 
classroom lessons. In addition to the PD, teachers 
in the CS condition received the researcher-con-
structed Cognitive Science Casebook of approxi-
mately 500 pages with curriculum modifications. 
The Casebook provided step-by-step lesson plans, 
including detailed explanations, warm-ups, activi-
ties, and PowerPoint slides, for the teacher to fol-
low when teaching the target units. These detailed 
lessons and activities reflected the CS principles 
and were aligned to the Holt curriculum. The 
Casebook, which was to be used in place of the 
districts’ planning guides, was aligned to district 
curricular guidelines.

PD for teachers in the Content condition 
focused on science content, in particular topics 
that the state highlighted as eligible for statewide 
testing. Teachers in the Content condition received 
a binder of materials akin to the Casebook; how-
ever, their materials were strictly content related 
(Massey, Cleland, & Mandel, 2013).

For both treatment conditions, PD was taught 
by science museum professionals, university 
professors, science researchers, and high school 
content area teachers who specialized in the 
given content unit. Follow-up sessions during the 
academic year were modeled as professional 
learning communities (PLCs) for both treatment 
conditions—CS and Content. The PLCs gave 
teachers an opportunity to share their successes 
and difficulties with instruction and offer 

Figure 1.  Unit implementation timeline.
Note. The three units were Cells, Heredity, and Classification (Cells); Inside the Restless Earth (IRE); and Introduction to Matter 
(ITM).
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guidance and support to one another. For the CS 
condition, curricular modifications continued to 
be presented as part of the PLCs.

All PD provided as part of the intervention 
reflected five key features of high-quality PD 
that have been shown in rigorous empirical stud-
ies to be related to changes in instruction: PD 
was focused on content, included active learning 
opportunities for teachers, was coherently inte-
grated into the curriculum, provided a substantial 
number of sustained contact hours, and included 
collective participation of teachers from the same 
subject (e.g., Desimone & Garet, 2015; Garet, 
Porter, Desimone, Birman, & Yoon, 2001; Penuel 
et al., 2007). Specifically, teachers in the CS and 
Content treatment conditions participated in 2.5 
days of summer PD for each unit prior to the unit 
beginning (see Figure 1 for our implementation 
timeline). Teachers also participated in four fol-
low-up PLCs during the semester in which they 
implemented a given unit; these lasted 2 hours 
each. In total, for each unit they participated in, 
in the first year of the study, teachers could 
receive up to 18 hours of summer PD and 8 hours 
of PLCs (2 hours per PLC meeting; PLC meet-
ings took place on a monthly basis for 4 months). 
Cohort 2 teachers who were returning to teach 
the same unit did not have to repeat the summer 
PD but did continue to participate in the monthly 
PLC meetings during their second year of imple-
mentation. The time spent in PD was held con-
stant across the CS and Content groups. Previous 
analyses of this intervention found that hours of 
PD participation are unrelated to implementation 
fidelity (Scull et al., 2015).

Data Collected

In the spring of 2011 and 2012, we adminis-
tered surveys to teachers, which asked about 
their classroom science instruction. Surveys 
were Web based, but we made hard copies avail-
able to several teachers who preferred to com-
plete them via paper and pencil.

Across all three treatment arms, we targeted 
508 teachers; 339 completed the surveys, for a 
response rate of 66.7%. For the CS treatment con-
dition, we targeted 181 teachers; 127 completed 
the surveys, for a response rate of 70.2%. For the 
Control condition, we targeted 184 teachers; 124 
completed the surveys, for a response rate of 

67.4%. For the Content condition, we targeted 
153 teachers, and 88 completed the surveys, for a 
response rate of 61.5%. Although randomization 
usually results in baseline equivalence, this is not 
guaranteed, and so we compared teachers in each 
arm of the study on key teacher characteristics. 
We found that teachers in the CS treatment condi-
tion had significantly less experience and were 
significantly less likely to be White, compared 
with the other two arms. There were no signifi-
cant differences in response rates by respondent 
group.

We followed up with teachers who attrited from 
the study and found that the top two causes for attri-
tion (which accounted for almost 50% of attrition) 
were that teachers were “assigned to teach another 
grade” or “assigned to teach another subject.” We 
also examined the relationship between teachers’ 
propensity of attrition and student achievement and 
did not find the relationship to differ by arm. Given 
these findings, we concluded that attrition was not 
likely to be biased in ways directly related to imple-
mentation and student achievement (Yang, Porter, 
Merlino, & Massey, 2017).

Teachers were eligible to participate in both 
cohorts of each of the three science units. Teachers 
were also able to teach multiple units simultane-
ously. Teachers completed PD, content knowledge 
assessments, and implementation surveys for each 
cohort and each unit that they taught. This means 
that if, for instance, a teacher taught Cells for 
Cohort 1 and Cohort 2, IRE for Cohort 2, and ITM 
for Cohort 2, then he or she could have three con-
tent knowledge assessment scores and up to four 
completed implementation surveys.

We conducted teacher interviews with a sub-
sample of 14 teachers implementing the IRE unit. 
Teachers were selected from each of the three 
conditions; six of the interviews were with teach-
ers in the CS treatment arm. The CS arm was 
overrepresented in the sample because the focus 
of the study is the use of CS principles. The crite-
ria we used to choose teachers were exposure to 
the intervention and extent of participation in the 
PD. Specifically, we targeted teachers who were 
in the second year of participating in the study, 
teachers who had the highest number of PD hours 
for the unit, and teachers who taught multiple sec-
tions of science, because those teachers had more 
opportunities for implementation. Research has 
shown that exposure to an intervention is related 
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to effects of the intervention on knowledge and 
instruction (Yoon, Duncan, Wen-Yu Lee, Scarloss, 
& Shapley, 2007). In addition, research finds that 
teachers are still learning how to implement dur-
ing the first year of an intervention (Borman, 
Gamoran, & Bowdon, 2008; Fullan, 1991). See 
Table 1 for a list of teachers interviewed from the 
CS arm, and their characteristics. We use pseud-
onyms to protect teachers’ confidentiality.

The interviews lasted 45 minutes on average. 
For each interview, we used a detailed interview 
protocol that asked questions about teachers’ 
experiences in the intervention PD, a description 
of how the teacher taught a particular lesson, and 
factors that facilitated or interfered with their 
implementation of the intervention.

Measures

Implementation

Survey data (pooled from each of the cohorts) 
were used to construct an overall measure of 
implementation fidelity for each teacher, for each 
unit he or she taught in each cohort. As discussed 
in the preceding paragraph on data collected, 
teachers were eligible to participate in both cohorts 
of each of the three science units, and teach mul-
tiple units simultaneously. This means that if, for 
instance, a teacher taught Cells for Cohort 1 and 
Cohort 2, IRE for Cohort 2, and ITM for Cohort 2, 
then he or she could have up to four completed 
implementation surveys, and therefore, four sepa-
rate measures of implementation fidelity. This 

measure of implementation fidelity is comprised 
of three subscores aligned to the intervention’s 
three principles of CS—contrasting cases, visual-
ization, and spaced testing. Our unit-specific sur-
veys asked detailed questions about each of the 
CS components of the intervention for specific 
topics that made up the unit. Language in the sur-
veys was generic (i.e., not specific to the CS inter-
vention arm) to ensure that teachers across all 
arms could answer the questions. To review the 
questions, items, and answer categories for each 
construct, see the appendix. The Cells unit survey 
is used for demonstration purposes but questions 
were consistent across units.

We developed scales of 8 to 11 items for each 
of the three implementation subconstructs: com-
pare and contrast (Cronbach’s α = .763), spaced 
testing (Cronbach’s α = .695), and visualization 
(Cronbach’s α = .396). The visualization compos-
ite had a low alpha, not unexpected with so few 
items, but it has strong face validity—looking at 
the appendix, one can see that the survey items 
for the visualization composite center around 
analysis and interpretation of visual representa-
tions such as charts, diagrams, and graphs—the 
definition of our visualization construct (Hegarty 
et  al., 2003). Then, using these items, we aver-
aged the responses across variables (responses 
coded 1–4 or 1–3, depending on the scale) to cre-
ate composite implementation scores that mea-
sure the frequency with which teachers 
implemented each of the three principles of CS. 
Higher scores indicate higher implementation 

Table 1

Teacher Interview Characteristics

Teacher
Years of 

experience
Undergraduate 

major

Average teacher 
content knowledge 

score (IREa)b

Average 
implementation 

score (IREc)d

Chloe 3 Geology 16 2.90
Betty 8 Education 19 2.62
Gina 28 Education 19 2.84
Lisa 2 Biology 20 3.21
Ryan 2 Social science 22 2.78
Jack 3 Geology 22 3.13

aAverage score for teachers on the content knowledge test for the Inside the Restless Earth (IRE) unit.
bTeacher content knowledge scores for full sample: M = 19.12; SD = 3.08; Range = 8–25.
cAverage score for teachers on the implementation fidelity survey for the Inside the Restless Earth (IRE) unit
dCognitive science principles implementation score for IRE for full sample: M = 2.69; SD = 0.30; Range = 2.13–3.56.
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fidelity. Diagnostic testing showed that the three 
components operated in similar ways, so we aver-
aged the implementation subscores to create an 
overall measure of implementation fidelity.

Student Achievement

To measure student achievement, teachers 
administered researcher-constructed end-of-unit 
tests. To create these tests, researchers drew test 
items from a pool of publicly available items 
from state tests, the National Assessment of 
Educational Progress, and the Trends in 
International Mathematics and Science Study. To 
ensure that these tests were aligned to the content 
of each unit, analysts used the Surveys of Enacted 
Curriculum (SEC) for science. The science SEC 
is a matrix of science-specific content topics by 
student expectations (cognitive demands). The 
five dimensions of student expectations/cognitive 
demands measured by the SEC are memorize, per-
form procedures, demonstrate understanding, con-
jecture/analyze, and solve nonroutine problems 
(Porter, 2002; see also Council of Chief State 
School Officers, 2005; Polikoff & Porter, 2014; 
Polikoff, Porter, & Smithson, 2011). To create the 
achievement tests, instructional materials are first 
analyzed using the SEC (e.g., curriculum is scored 
using the SEC matrix of content topics by cogni-
tive demands). Such an analysis lays out detailed 
specifications that describe the domain of content 
to be covered by the tests. Items for the test are 
then chosen so that they are a representative sam-
ple of the domain and, when grouped together, are 
maximally aligned to unit-specific content 
(Polikoff et al., 2011; Porter, Polikoff, Barghaus, & 
Yang, 2013). The researcher-constructed tests were 
demonstrated by prior research to be both valid and 
reliable (e.g., internal reliabilities range from .65 to 
.69; see Scull et  al., 2015; Yang et  al., 2017, for 
details about the validity and reliability of these 
tests). In terms of missing student data, there was 
16% missing for the CS group and 15% missing 
for the Control. Missing data procedures will be 
discussed in the forthcoming section on analytic 
approach.

Administrative Data

In our model, we included student-level demo-
graphics and prior-achievement data. Specifically, 

we included the following binary variables: race 
(Black, Hispanic, Asian, and Other—with White 
as a reference category), sex, economic disadvan-
tage, and English language learner status. We also 
included a continuous variable for prior achieve-
ment as measured by statewide standardized tests. 
These data were provided to us by the participat-
ing districts.

Teacher Experience and Knowledge

Teachers reported years of teaching experi-
ence on our implementation survey. We consider 
teacher experience an important control variable 
in any study of classroom interventions effects 
on implementation or student learning. For our 
analyses, we created a binary “novice teacher” 
variable that defined a novice teacher as anyone 
with 2 or fewer years of teaching experience. We 
made this decision based on both theoretical and 
empirical grounds. There is a considerable litera-
ture on substantive differences between new and 
veteran teachers in their responses to PD, and 
their implementation of new reforms, we believe 
this distinction is important, given our research 
questions focused on how teachers respond to an 
intervention. Previous research has shown that 
the trajectory of new teacher learning occurs 
most dramatically after 2 to 3 years of teaching 
(Clotfelter et  al., 2007; Harris & Sass, 2007; 
Loeb et al., 2012), and also that teachers in their 
first years of teaching have been shown to differ 
significantly in terms of their instruction, class-
room management, and reaction to PD (Feiman-
Nemser, 2012; Luft et  al., 2015). As in other 
studies, our initial exploration of a continuous 
teacher experience control variable yielded null 
results, as we might expect, because a continuous 
variable assumes a strict linear relationship, 
which contradicts previous research, which 
shows substantial gains after the first 2 to 3 years. 
Thus, we concluded that creating a “novice” 
variable that reflected whether the teacher was in 
his or her first 2 years of teaching would make an 
appropriate control variable for this study.

Our implementation surveys also collected 
data on teachers’ educational background. From 
these data, we created a binary “STEM major” 
variable. All science majors (general, physics, 
chemistry, biology, and so on), all math majors, 
and any engineering majors were identified as 
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STEM.1 In addition to these two somewhat distal 
proxies for content knowledge, we developed 
assessments of teacher content knowledge for 
each curricular unit to provide a more closely 
aligned measure of content knowledge (Becker 
& Aloe, 2008). That is, the content knowledge 
test reflected content taught in the three units in 
our study—Cells, IRE, and ITM. Thus, the 
domains on the test were biological science, 
physical science, and geology. These tests were 
administered at the conclusion of the summer PD 
sessions.

To create this measure of teacher content 
knowledge, items were taken from the PRAXIS, 
Diagnostic Science Assessment for Middle 
School Teachers, Geo Science Concept Inventory, 
and the MOSART test. The items were content 
analyzed again using procedures from the SEC. 
The length of the test was kept short to minimize 
the burden to teachers. To align the test to the 
content taught in the PD, an algorithm was used 
that results in maximal alignment (Porter et al., 
2013). The internal reliability of our content 
knowledge test ranged from .62 to .64 (Scull 
et al., 2015; Yang et al., 2017). The response rate 
for the unit-specific, content knowledge test was 
approximately 97% for the CS treatment condi-
tion and approximately 94% for the Control con-
dition. Teacher quality has been operationalized 
in multiple ways, including college major, course 
taking, years of experience, certification, and test 
scores (Sadler et al., 2013). Although evidence is 
mixed in relating these variables to instructional 
quality and student learning (e.g., Wilson, 
Floden, & Ferrini-Mundy, 2002), our choice to 
use college major, experience (e.g., not novice), 
and a knowledge assessment is guided by 
research documenting their relationship with 
improved instruction and student learning 
(Clotfelter et  al., 2007; Goldhaber & Brewer, 
1997, 2000; Hill et al., 2005; Rowan, Chiang, & 
Miller, 1997).

Analytic Approach

We examine data on the achievement of 10,281 
students enrolled in the classes of 124 teachers in 
the study (control n = 60, treatment n = 64). 
Characteristics of the sample of teachers in the 
control and treatment conditions are provided in 
Table 2. Characteristics of the analysis sample of 

teachers and students did not differ significantly 
across treatment arms in any discernible pattern 
(Yang et al., 2017). Prior research on this study 
has validated the randomization and found that 
overall and differential attrition biases were 
within acceptable levels as specified by the WWC 
(Porter et al., 2013).

We address the study’s research questions 
through estimating a series of structural equation 
models using the Mplus software. Structural 
equation modeling allows us to assess the indi-
rect mediating effects of implementation and 
content knowledge on the effectiveness of the 
intervention as measured by student achievement 
(Fairchild, MacKinnon, Taborga, & Taylor, 2009; 
Kline, 2011; T. D. Little, Card, Bovaird, Preacher, 
& Crandall, 2007; Muthén & Muthén, 1998–
2012). In addition, we examine how teachers’ 
implementation fidelity is related to the charac-
teristics of the classrooms they teach. Our con-
ceptual framework is depicted in Figure 2.

The dependent variable in our model is student 
achievement as measured by our researcher-con-
structed aligned science test, administered to 
students at the end of each unit. Exogenous vari-
ables include treatment condition, teacher char-
acteristics, student characteristics, and prior-class 
achievement. Endogenous variables include mea-
sures of implementation (overall composite of 
contrasting cases, spaced testing, and visualiza-
tion) and teacher content knowledge. Exogenous 
variables are assumed to be correlated, and the 
model is estimated conditioned on exogenous 
variables (see Kline, 2011; Muthén & Muthén, 
1998–2012). By default, Mplus treats missing 
data using full information maximum likelihood. 
Maximum likelihood is recognized as a strong 
approach to handling missing data as prior work 
demonstrates it produces unbiased parameter esti-
mates whether data is Missing at Random (MAR) 
or Missing Completely at Random (MCAR) 
(Allison, 2001; Enders & Bandalos, 2001; see 
Figure 3 for our model specification).

Teachers were eligible to administer student 
assessments and take content knowledge tests and 
implementation surveys for up to three different 
academic units over the span of 3 years (two 
cohorts per unit). To account for this clustering in 
our data, we use a complex estimation strategy in 
structural equation modeling that accounts for 
clustering at the unit by classroom level (Muthén 
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& Muthén, 1998–2012). To account for the differ-
ent means across content units, all teacher imple-
mentation scores, content knowledge scores, and 
student achievement scores were standardized by 
unit prior to aggregation.

Interview Data

In analyzing the interview data, we followed 
the procedures outlined by Miles and Huberman 
(1994), Patton (1990), and Coffey and Atkinson 
(1996). Our conceptual framework (see Figure 
2), research questions, and relevant literature 
served as the basis for our initial coding 

framework for interview transcripts (Alexander, 
2001). We then added more themes and sub-
themes as called for by our ongoing analysis of 
the transcript data. We used the constant com-
parative method to develop the codes (Glaser & 
Strauss, 1967) so that ideas from the transcripts 
were used to expand and refine the coding sys-
tem. Through this iterative process, we changed, 
adapted, and integrated categories or themes 
(Goetz & LeCompte, 1984). In this way, we were 
able to interactively identify themes using both 
our conceptual framework and the transcript 
data. This method enabled us to use the data to 
inductively test our hypotheses as well as to 

Table 2

Characteristics of Teachers in Control, Content, and CS Treatment Conditions

Control Content Cognitive science

  n % n % n %

Gender
  Female 47 35 39 33 53 33
  Male 87 65 81 67 105 67
Race
  White 108 61 86 58 130 72
  Black 48 24 59 36 26 13
  Asian 0 0 0 0 1 2
  Other 11 2 2 1 7 4
  Multiracial 8 11 0 3 9 9
Ethnicity
  Hispanic 12 5 5 4 8 5
Experience
  Novice 9 5 8 5 52 30
  Nonnovice 166 95 139 95 121 70
Education
  STEM major 31 18 35 25 66 38
  Ed major 79 46 39 28 67 39
  Other major 59 34 64 46 39 22

  M SD M SD M SD

Content knowledge 2.65 0.29 2.51 0.32 2.86 0.33
Implementation
  Total 2.65 0.29 2.51 0.31 2.86 0.33
  Contrasting cases 2.40 0.59 2.28 0.58 2.84 0.45
  Spaced testing 2.78 0.35 2.63 0.344 2.85 0.37
  Visualization 2.76 0.39 2.64 0.37 2.89 0.48
  Total 184 153 181
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deductively allow themes and explanations that 
we had not anticipated in our conceptual 

framework to emerge (Emerson, Fretz, & Shaw, 
1995; Green, Dixon, & Zaharlock, 2002).

Figure 2.  Conceptual model.

Figure 3.  Fitted structural equation model with unstandardized coefficients.
Note. CS = cognitive science; ELL = English language learners; CFI = comparative fit index; TLI = Tucker–Lewis index; 
RMSEA = root mean square error approximation.
*Significant at .1 level. **Significant at .05 level.
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Specifically, the codes we used included, but 
were not limited to, the following categories: per-
ception of content knowledge in science; experi-
ence with science teaching; confidence in science; 
description of learning in the PD and changes in 
instruction; understanding of the PD goals; under-
standing of the CS principles; self-assessment of 
student science learning, engagement, and moti-
vation; relevant school or classroom context/con-
ditions; interacting with other teachers; and 
teacher autonomy. In the reporting of results, we 
illustrate themes with key quotes as exemplars 
(see Atkinson, Coffey, & Delamont, 2003), a 
technique that, according to Ryan and Bernard 
(2003), is “a widely used method for describing 
themes . . . that lead the reader to understand 
quickly what it may have taken the researcher 
months or years to figure out” (p. 282). We 
included analysis that was relevant to our research 
questions—including teacher responses that were 
illustrative and consistent with the results of the 
survey analysis, but also responses that provide 
alternative views. We focused on interview data 
that were directly relevant to our research ques-
tions; thus, any interview data omitted from our 
analysis we viewed as ancillary to the focus of 
this study. Given the modest size of our sample, 
we thought it prudent to try to reflect the contin-
uum of teacher experiences rather than focus only 
on those issues that “most” teachers discussed. 
Overall, however, most key themes were reflected 
in the majority of teacher interviews.

Results

Our discussion below focuses on results from 
the structural equation model assessing the medi-
ating effects of content knowledge and total 
implementation (a composite measure of imple-
mentation of the three principles of CS empha-
sized in the intervention) on student achievement. 
The fitted model is detailed in Figure 3. Table 3 
provides the results. Owing to our large sample 
size, model chi-square is not a reliable fit statis-
tic; however, global goodness-of-fit measures 
indicate a good model fit (comparative fit index 
[CFI] = 0.873, Tucker–Lewis index [TLI] = 
0.719, root mean square error approximation 
[RMSEA] = 0.019).

As shown in Figure 3, the treatment condition 
had a direct but nonsignificant effect on student 

achievement and a significant direct effect on 
both content knowledge and implementation. 
Classroom prior achievement moderated the 
effect of treatment condition on implementation. 
Content knowledge and implementation were 
additionally both found to have significant, posi-
tive relationships with student achievement. 
Lending support to our basic model, our covari-
ates were significant predictors of student 
achievement in ways consistent with previous 
research. Being a novice teacher had a significant 
negative relationship with student achievement 
(β = −.17, p = .005). Analysis of student-level 
characteristics showed that Black (β = −.20, p = 
.000), Hispanic (β = −.11, p = .01), and female (β 
= −.10, p = .000) students had significantly lower 
achievement than their peers; Asian students (β = 
.17, p = .000) had higher achievement, and prior 
achievement (β = .50, p = .000) was significantly 
positively related to student achievement. These 
findings suggest the importance of future work 
that explores whether the intervention worked 
less well for females and minority students, or, 
alternatively, suggests further inquiry into factors 
unaccounted for in the model that could explain 
gender and race disparities.

Research Question 1: To what extent do 
classroom implementation of the interven-
tion and teacher content knowledge medi-
ate the intervention’s effects on student 
achievement?

As expected, being assigned to the CS inter-
vention is positively associated with teachers’ 
implementation of the principles of CS, such that 
teachers in the CS condition report levels of 
overall implementation 0.63 standard deviations 
higher than teachers in the control condition, 
even after controlling for major and years of 
experience (p = .000). Implementation of the 
principles of CS in turn is positively related to 
student achievement, after controlling for other 
student, classroom, and teacher characteristics. 
Indeed, for every one standard deviation increase 
in frequency of implementing the CS principles, 
there is a corresponding 0.05 standard deviation 
increase in student achievement (p = .06). See 
Figure 3 for details.

Contrary to expectations, we find that par-
ticipation in the CS intervention is negatively 
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associated with teachers’ content knowledge. 
On average, teachers in the CS condition had 
levels of content knowledge that are 0.25 

standard deviations lower than teachers in the 
control condition (p = .04). There are a number 
of possible explanations for this finding. For 

Table 3

Model Output

Overall Cells IRE ITM

  β β β β

Cognitive science
  Content knowledge (T) −0.246† −0.363† −0.258 −0.112
  Implementation (T) 0.628† 0.686† 0.739† 0.503†

  Student achievement 0.074 0.099 −0.055 0.113
Content knowledge
  Novice (T) 0.735† 0.789† 0.577† 0.829†

  Stem major (T) 0.705† 0.634† 0.509† 0.946†

Implementation
  Novice (T) 0.178 0.535 0.080 0.127
  Stem major (T) 0.029 −0.343 0.072 0.118
  Class prior achievement 0.165 −0.133 0.053 0.381
  Class prior achievement 

(moderator)
0.465* 0.788 0.452 0.293

Student achievement
  Content knowledge (T) 0.075† 0.039 0.098† 0.090†

  Implementation (T) 0.052* 0.094 0.065† 0.028
  Female (S) −0.099† −0.071† −0.113† −0.105†

  Black (S) −0.199† −0.131† −0.174† −0.274†

  Hispanic (S) −0.106† −0.129* −0.064 −0.113*
  Asian (S) 0.166† 0.177† 0.142† 0.157†

  Other (S) 0.060 0.156 0.055 −0.024
  Economically disadvantaged (S) −0.022 −0.017 0.008 −0.069
  ELL (S) −0.005 0.020 0.045 0.011
  Prior achievement (S) 0.501† 0.503† 0.504† 0.498†

  Class prior achievement 0.190† 0.266† 0.170* 0.136
  Novice (T) −0.167† −0.197* −0.083 −0.203*
  Stem major (T) −0.087* −0.123 −0.094 −0.003
Implementation with content 

knowledge
0.033 0.048 −0.030 0.102

Indirect effects
  Content knowledge (T) −0.018* −0.014 −0.025 −0.010
  Implementation (T) 0.033* 0.064 0.048* 0.014
Model fit
  CFI 0.873 0.816 0.806 0.910
  TLI 0.719 0.593 0.571 0.800
  RMSEA 0.019 0.019 0.024 0.024

Note. IRE = Inside the Restless Earth; ITM = Introduction to Matter; S = student characteristic; T = teacher characteristic; 
ELL = English language learner; CFI = comparative fit index; TLI = Tucker–Lewis index; RMSEA = root mean square error 
approximation.
†Significant at p = .5 level. *Significant at p = .1 level.
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instance, it may be that while the treatment 
group focused on CS pedagogical strategies, the 
business-as-usual control condition received 
content-intensive PD that increased their content 
knowledge, leading to higher scores on the con-
tent knowledge assessments. This would imply 
that, in the context of a finite PD window, the 
emphasis on CS principles and pedagogy may 
lead to trade-offs in curricular enrichment that 
suppress teachers’ growth in content knowledge. 
Alternatively, this finding may reflect “unhappy 
random assignment” where, at baseline, the con-
trol group had higher content knowledge. We 
cannot test this hypothesis, as we did not admin-
ister a content knowledge pretest. We did not 
administer pretests because this study was 
designed as an RCT, which theoretically creates 
intervention and control groups that are equiva-
lent. Even so, in future studies, we do recom-
mend pretests on key variables like teacher 
knowledge, given the possibility of lack of base-
line equivalence. In addition, this finding 
emphasizes the importance of detailed tracking 
of the “treatment” received by a control group, 
as additional information on “business as usual” 
PD could shed light on the extent to which 
teachers received additional content knowledge. 
Nevertheless, as expected, content knowledge is 
positively related to student achievement, such 
that for every one standard deviation increase in 
content knowledge, there is a corresponding 
0.08 standard deviation increase in student 
achievement (p = .001).

Thus, we find that teachers’ implementation 
of CS principles and teacher content knowledge 
are significant mediators of the effect of the CS 
intervention on student achievement. In fact, 
there was no significant direct effect of the CS 
intervention after inclusion of implementation 
and content knowledge in our model, suggesting 
that the effect is fully mediated by these paths. 
Note that diagnostics indicated that teacher con-
tent knowledge and implementation were not 
significantly related to each other.

Our interview data help to explain these find-
ings, suggesting several mechanisms by which 
the CS intervention may have had positive effects 
on student learning: through application of the 
CS principles, through improved classroom man-
agement, and through collaborative discussions 
that elevated practice. Also, contrary to our 

survey findings, several teachers did report 
increases in their content knowledge.

Application of CS Principles

Interview data revealed that teachers were 
indeed changing their practice in ways envi-
sioned by the CS intervention. For example, 
Betty said that the intervention’s focus on using 
students’ background knowledge fostered a 
major difference in her instruction. Whereas pre-
viously she would focus on memorizing scien-
tific facts, “[the intervention] is not memorization 
. . . it’s using their background knowledge and 
it’s . . . finding what they already know . . .” 
Another teacher, Ryan, explained that

. . . the biggest change [in my instruction] would be 
starting off with the comparing and contrasting 
activities, you know doing the back to front, where I 
show ’em what it looks like first and then go to 
explain . . . I . . . didn’t [previously] approach science 
that way.

Chloe indicated that the intervention also affected 
her instruction. Specifically, she reported,

It [the intervention] changed the way I thought 
about the way students learn . . . So I found myself 
more interested in how are they gonna be able to 
relate things together and what kinds of things to do 
with the students to make sure that they can build 
relationships and understanding . . . I found that it 
enhanced ways to deliver the science content to the 
students.

Classroom Management and More Efficient 
Lesson Planning

Extending what we could learn from the sur-
vey data, interviews revealed that intervention 
effects might be partly explained by the fact that 
for many teachers, use of the intervention materi-
als improved classroom structure and organiza-
tion and made lesson planning more efficient, 
thus allowing for more learning time. As Ryan 
described,

To have . . . a set formula helps with just the overall 
management of the lesson and class cause they know 
what to expect is coming . . . they know I’m gonna 
start with a warm-up, they know we’re gonna move 
into probably some visualizations next and then they 
know that we’re gonna . . . go over the book or do a 
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lab or something else . . . it just . . . definitely has a 
nice pattern . . . which . . . is helpful . . . in managing 
. . . the class and managing the lesson.

Jack’s comments were consistent with Ryan’s. 
Jack indicated that the structure of the interven-
tion was

a way of providing a rhythm to the class and [it] . . . 
set the tone . . . of . . . how the class is going to be 
approached, so I think that stabilized and . . . that’s an 
important way to keep . . . things managed.

Teachers also reported that the Casebook 
helped with pacing and streamlining their lesson 
planning, thereby allowing them more time for 
improving the quality of their instruction. For 
example, Ryan indicated that “[the Casebook] 
saves me time on lesson planning . . . it follows 
the curriculum so well . . . it helps me stay on 
pace.” Jack offered that

. . . [the lessons are] already established . . . so there’s 
never gonna be a flop day [so] . . . there’s more of a 
chance for me to improve the overall course of the 
lessons each of the days because I have these materials 
available.

Professional Community: Discussion About 
Trial and Error

Our interviews suggested that participation in 
the PLCs, a component of the PD provided by the 
intervention, influenced the quality of implemen-
tation by providing an opportunity for teachers to 
share their experiences in building their exper-
tise, in using the intervention materials, and in 
applying the CS principles. Chloe remarked that 
the PLC discussions were “helpful to [discuss] 
what kinds of things worked, what didn’t work, 
[and] how people maybe increase the success 
they had in their individualized classrooms.” 
Specifically, the PLCs afforded opportunity for 
teachers with different levels of experience and 
content knowledge to share ideas with each other. 
As Jack explained,

The peers in the PLC were the most helpful of and the 
resources, the sharing of ways to present things, the 
communal like being able to, to discuss . . . generally 
there’s, there’s a good mix of different types of teachers 
that have different experience levels and so we’re all 
sharing our, our unique ideas about how to present the 
material and we’re all learning from each other.

Other teachers described similar experiences, 
also highlighting the opportunities that the PLCs 
created to learn from and get support from other 
teachers.

Increases in Content Knowledge

Although our survey analysis detected small 
negative effects between the intervention and 
content knowledge, in interviews, several teach-
ers indicated that they believed the intervention 
PD bolstered their science knowledge consider-
ably. This suggests that there may be other expla-
nations for the difference in content knowledge 
between treatment and control, such as baseline 
differences or control (“business-as-usual”) PD 
that more heavily focused on content, and in 
doing so emphasizes the value of using qualita-
tive analysis to supplement and explain quantita-
tive findings. For instance, Betty, who was 
trained as an elementary and special education 
teacher and therefore self-identified as having 
room to grow in her knowledge about science, 
explained,

Now that I’m doing this I think like I have an even 
better understanding of [science]. Like I feel like I can 
stand in front of the class and not have to look at my 
book to say, you know this is this, this is this, I can 
just say to them, like I’m teaching them instead of 
reading it . . . I have such a better understanding.

Lisa also commented on how the PD improved 
her content knowledge:

I mean that helped my personal knowledge much 
better. I mean I feel like I’m much more familiar with 
rocks and the rock cycle than I was before the PLC, or 
the summer development. I think in general it helped, 
I mean it did nothing but help my, my knowledge of 
science for sure . . . I mean I knew the 3 types of rocks 
and that’s pretty much it . . . it gave me a lot more 
knowledge and so when my kids ask questions I feel a 
little, I feel better about answering them than I did 
before.

Similarly, Gina said that “[the PD] made me more 
comfortable. It made me more comfortable with 
what I was teaching. That I feel like I, I have a, a 
true knowledge of what it is I’m teaching . . .”

Research Question 2: How, and in what ways, 
is teachers’ implementation of the interven-
tion influenced by teacher experience, 
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subject expertise (as measured by college 
major), and prior classroom achievement?

Teacher experience and STEM major had sig-
nificant positive associations with teacher content 
knowledge (β =.74, p = .000; β =.71, p = .000, 
respectively), but neither had a significant asso-
ciation with implementation of the intervention. 
Classroom prior achievement was not signifi-
cantly related to implementation but was a sig-
nificant moderator of the relationship between 
treatment condition and implementation (β = .47, 
p = .067). The size of the gap in implementation 
scores between low- and high-achieving class-
rooms varied by treatment condition. We define 
high and low achievement as one standard devia-
tion above and below the mean, respectively. As 
shown in Figure 4, in the control group, teachers 
had roughly equivalent low levels of implementa-
tion regardless of classroom prior achievement 
(−0.49 vs. −0.39). However, in the CS condition, 
teachers with high-achieving classes had substan-
tially higher levels of implementation than teach-
ers with low-achieving classes (−0.10 vs. 0.42). 
Classroom prior achievement also had a statisti-
cally significant association with student achieve-
ment (β = .19, p = .001), such that students in 
higher achieving classes performed better than 
students in lower achieving classes, even after 
controlling for their own prior achievement.

Data from teacher interviews suggest several 
reasons why implementation might be less robust 
in lower achieving classrooms, including chal-
lenges to adapting the intervention to meet the 
needs of lower achieving students, having to 

spend more time on test preparation, and having 
shorter science periods.

Challenges to Adapting the Intervention for 
Lower Achieving Students

One reason the intervention may have been 
implemented with more fidelity in higher achiev-
ing classrooms was that teachers indicated the 
need to adapt it for lower achieving students—
one such adaptation included covering less con-
tent. Chloe remarked that it was critical to learn 
from other teachers “what did they do with the 
Special Ed. students especially with the quizzes 
and some of the work that was really higher level 
when we had the lower level . . . readers.” Other 
teachers reported that they had to veer off the 
planned lessons to provide students with back-
ground information or review due to students’ 
lack of prior science knowledge. For example, 
Ryan said,

My girls didn’t get science last year. Their science 
periods were . . . watching movies or doing 
worksheets, just . . . goofing off. So they . . . had no 
science background . . . I kept saying . . . things like 
how long our species has been around . . . then all of a 
sudden, they’re like, well where did our species come 
from? So . . . I just had to stop [and review] . . .

Testing Preparation

Another possible explanation for why imple-
mentation was not as rigorous in low-achieving 
classrooms is that in many of those classes, 
teachers were more likely to be required to spend 
additional time on test preparation, which takes 
away from other instructional science time. Lisa 
explained,

Well my class period is an hour and 15 minutes, but 
the first, I have to do corrective math during my 
science work . . . so it’s anywhere from 45 minutes to 
a half hour for science . . . my [science] classes were 
cut because to do the math and now we’re doing 
[State Standardized Assessment] review which I need 
to do in science for math and . . . that . . . cuts into that 
time.

Similarly, Betty said that “I really have to move 
on, I have to keep going” through the material 
quickly, to allow time for test preparation. Lisa 
echoed this sentiment: “My classes were cut . . . 
to do the math and now we’re doing [State 

Figure 4.  Interaction between implementation 
and classroom achievement.
Note. CS = cognitive science.
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Standardized Assessment] review which I need 
to do in science for math and that . . . cuts into 
that time.” Conversely, Chloe, a teacher at a 
higher achieving school reported: “We don’t take 
preparations break here . . . The students have 
every class every day.”

Time

Although not included in our quantitative 
analyses, interview data revealed that the length 
of instructional periods likely influenced the 
quality and quantity of implementation; in par-
ticular, teacher reports suggested that lower 
achieving classrooms were less likely to have 
long science periods. Jack described the advan-
tages of having longer lesson blocks:

The benefit that I had versus other teachers from 
talking to them is that I had 75 minutes of instruction 
time for each lesson, so I had more time to develop a, 
go one step further in a lot of . . . days, whereas . . . the 
other teachers . . . have like 2 or 3 days a week for like 
15 minutes or like half an hour or something small, a 
small amount of time, and there’s some consistency in 
having the curriculum, the, the exposure consistently 
and for a long period of time.

Gina indicated that she had to move faster 
through the material with shorter class periods:

Some of us get to teach 90 minutes, some of us get to 
teach 45, so there’s a time constraint. This year I don’t 
have the privilege of 90 minutes. I teach both 8th 
grades in a 45 minute period of time . . . So I’m a little 
bit behind maybe what somebody else might be . . . I 
am just moving at a fast clip.

Betty summed it up by saying “time always 
seems to be an issue and when I go to the PLCs, 
time [to fully implement the lessons] is an issue 
with a lot of people.”

Discussion

As education research continues to advance 
our understanding of effective educational prac-
tices through the use of high-quality, rigorously 
designed randomized studies, there is a greater 
need to more fully understand why and how 
some reforms are able to produce effects whereas 
others fail to do so (Cordray & Pion, 2006). 
Within and across interventions, there is consid-
erable variation in the extent to which teachers 

increase their knowledge, implement new prac-
tices with high fidelity, understand instructional 
changes, and elicit effects on student achieve-
ment (e.g., Domitrovich et al., 2009; Garet et al., 
2010; Gowlett et al., 2015; Penuel et al., 2007).

Our study of the implementation of a middle 
school science intervention was designed to ana-
lyze the role of implementation in eliciting effects, 
and to better understand how teacher expertise 
and classroom context may serve as barriers and 
facilitators to implementation. Our findings con-
tribute to the field’s growing understanding of 
teachers’ implementation of new interventions, 
including how, why, and under what circum-
stances they work to change instruction in ways 
that foster improvements in student learning.

Results from the study should be interpreted 
with several caveats. The interview data are sug-
gestive, not conclusive. Furthermore, our struc-
tural equation modeling was outside the bounds 
of the RCT. A more robust test of the role of pre-
vious student achievement, for example, would 
be to randomly assign teachers of low-achieving 
classrooms to intervention and control groups, 
and examine effects. RCTs rarely have the 
resources to randomize on such factors, so  
we use quasiexperimental techniques instead. 
Furthermore, we recognize that teacher content 
knowledge is complex and is not fully represented 
by undergraduate major, a content knowledge 
test, or any other single measure. Although we 
view including both survey and interview data on 
implementation as a strength, we also readily 
acknowledge that observations of implementa-
tion are able to detect aspects of quality that sur-
veys and interviews are not (Desimone, 2009).

Implementation Matters, and Ought to Be 
Measured

We found that teachers were implementing 
the CS principles, and that implementation had 
direct effects on student achievement, which is 
consistent with research supporting the use of the 
CS principles. These findings highlight the 
importance of measuring implementation. 
Although research has demonstrated that high 
levels of implementation fidelity translate into 
improved student outcomes (Durlak, 2010; 
Durlak & DuPre, 2008; Kaderavek & Justice, 
2010; Stein et al., 2008), in some cases, teachers 
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may not be implementing the intervention due to 
contextual or environmental pressures, lack of 
knowledge, or any one of a myriad of other fac-
tors. Before concluding that an intervention does 
not have effects on student learning because RCT 
results show no effects, it is imperative that 
researchers have a measure of whether or not the 
teachers actually implemented the intervention 
as intended. Ideally, as implementation studies 
become more sophisticated, we will be able to 
establish thresholds, of both frequency and qual-
ity, at which effects are elicited, and target par-
ticular dimensions of an intervention that are 
most effective. Such results would be especially 
valuable for shaping policy.

An Intervention May Work Partly Through 
Secondary Mechanisms

Perhaps more importantly for the education 
policy implementation field in general, our 
findings suggest that an instructional interven-
tion may work through mechanisms secondary 
to the approach being taught in the intervention 
PD. Teachers reported that their use of the 
intervention’s structured and sequenced activi-
ties improved their classroom management, 
and provided a more coherent organizational 
structure to their daily lessons. These pedagog-
ical routines were secondary to the CS princi-
ples being taught in the PD, yet it was the 
instructional routines teachers focused on in 
reporting how the intervention changed their 
approach to teaching. This is consistent with 
previous research showing teachers may focus 
their learning more on the pedagogical strate-
gies used in a PD, rather than the content focus 
(Covay Minor, Desimone, Caines, & Hochberg, 
2016). This raises important questions to con-
sider in designing, implementing, and evaluat-
ing classroom interventions. How closely 
aligned should a PD or intervention be to cur-
ricular materials, such as pacing guides, to help 
make the link between content and instructional 
approaches? Recent rigorous RCTs have shown 
that PD that is explicitly linked to the curricu-
lum or pacing guide are much more likely to be 
adopted (Fishman, Marx, Best, & Tal, 2003; 
Roschelle et  al., 2010), compared with those 
that rely strictly on building teachers’ content 
knowledge or introducing strategies that teach-
ers then have to decide for themselves when 

and how to integrate into classroom lessons 
(e.g., Garet et al., 2008).

An Intervention’s Effectiveness May Be Related 
to Balancing Teacher Content Knowledge, 

Aligned Lesson Plans, and Teacher Invention

There has been considerable attention paid to 
understanding the complex dimensions of teacher 
content knowledge (Schulman, 1986), and how 
to improve it in ways that elicit more student 
learning (Sadler et  al., 2013; Smith, Neergard, 
Hochberg, & Desimone, 2017). In our study, 
teachers who had STEM majors and more expe-
rience teaching scored higher on our content 
knowledge test, and these higher scores predicted 
higher student achievement scores. These find-
ings are consistent with previous work linking 
teacher content knowledge and student learning 
(Hill et al., 2005; Metzler & Woessmann, 2012). 
However, we found that there was no significant 
relationship between content knowledge and 
implementation, and furthermore that teachers 
with higher content knowledge did not implement 
the intervention more frequently or better as evi-
denced by the fact that the CS intervention had a 
negative effect on content knowledge. This is 
consistent with previous working showing new 
teachers’ content knowledge was not linked to 
their growth in instructional quality (Desimone, 
Hochberg, & McMaken, 2016).

This raises a question about trade-offs between 
a scripted intervention and one that requires con-
siderable teacher knowledge and invention. In 
our study, teachers indicated that the structured, 
sequential nature of the lesson plans that accom-
panied the intervention helped improve the man-
agement and organization of their teaching, 
allowing for more student-learning time and 
fewer “flop” lessons. Although some scholars 
criticize scripted interventions for taking away 
teacher creativity (Richardson & Placier, 2001), 
others have found that interventions requiring 
considerable teacher input are unlikely to be 
implemented well (in large part due to time 
constraints), and thus see fewer good effects on 
students as compared with more scripted inter-
ventions (Correnti & Rowan, 2007).

What is an appropriate balance between 
“scripted” lessons—which provide detailed pac-
ing, lessons, and activities—and more concep-
tual interventions that rely exclusively on 



Inside the Black Box

529

teachers building their content knowledge (e.g., 
they are not linked to the teacher’s day-to-day 
lessons)? We interpret our findings, in light of 
related literature, to support a hybrid approach—
a balance between providing teachers with mate-
rials such as daily lesson activities aligned to the 
curriculum and PD that supports knowledge 
building related to the use of the new strategies 
and/or content. Furthermore, the daily lessons 
should allow room for teacher invention and cre-
ativity. For example, because our intervention 
relied on active learning strategies such as dis-
cussion and applications, there was considerable 
opportunity for teachers to apply their own 
insights and creativity to these activities. We sus-
pect that the success of the intervention was 
partly due to the balance of research-based 
approaches (i.e., applying CS principles to 
teaching), PD that included both content and 
pedagogy, and implementation that provided 
aligned-lesson guidance while still allowing for 
teacher creativity and invention. We recommend 
that the development and evaluation of similar 
classroom interventions pay attention to the 
interaction of these important factors.

PLCs Help Teachers Refine and Adapt an 
Intervention

Another mechanism through which the 
intervention seemed to work was the PLC dis-
cussions that were part of the intervention PD. 
Teachers indicated that PLCs were valuable 
opportunities to discuss trial-and-error efforts, 
to find out what was working, and to share 
ideas and experiences with other teachers to 
improve their implementation of the CS prin-
ciples. Although the role of professional com-
munities as a mechanism of teacher learning is 
well established (Bryk, Sebring, Allensworth, 
Luppescu, & Easton, 2010; J. W. Little, 1982), 
not as much is known about their role in imple-
mentation fidelity. How should PLCs be used 
in shaping and refining implementation of an 
intervention? How salient are they in estab-
lishing quality, and in developing and sanc-
tioning constructive adaptations? How should 
they be organized to foster high-quality imple-
mentation? In our study, PLCs were especially 
important in refining strategies, and we sus-
pect that these findings would apply across 
contexts.

Another important use of the PLCs, as 
reported in teacher interviews, was to discuss 
how to adapt the intervention to low-achieving 
students, large classes, interference with 
required test preparation, and so on. This is con-
sistent with our survey analysis finding that 
implementation within the CS condition was 
better in higher achieving classrooms. Lower 
implementation in low-achieving classrooms is 
especially problematic, given that many inter-
ventions are designed to help address the 
achievement gap. We know that a particular 
model of instruction may influence students dif-
ferently depending on students’ achievement 
trajectories and other background factors 
(Desimone & Long, 2010), and that practitio-
ners routinely adapt practice to match class-
room context and meet the needs of their 
students (McHugo et  al., 2007), with varying 
success on improving student outcomes (Durlak, 
2010). Our finding here supports the notion that 
ideas for adaptation should be integrated into 
intervention PD. Intervention/PD designers 
would do well to think through and discuss how 
teachers can best implement their intervention 
given at least the most frequently documented 
challenges in lower achieving schools, such as 
shorter class periods (e.g., for subjects besides 
math or reading), more test prep time, and lack 
of student background knowledge. Furthermore, 
PLCs provide valuable forums for teachers to 
discuss strategies for adaptation. Follow-up PD 
might even include coaching on how to adapt to 
particular student needs. Alternatively, design-
ers might consider these common challenges 
during the development stage and create inter-
ventions that explicitly take into account shorter 
class periods, lack of student background 
knowledge, and other limitations that are com-
mon in lower achieving schools.

In terms of implications for evaluating inter-
ventions, we recommend analyzing not only how 
implementation varies by subpopulations but 
also whether the impact of implementation on 
outcomes varies by key subpopulations (Harn, 
Parisi, & Stoolmiller, 2013).

Conclusion

Our study provides insights relevant for 
shaping intervention PD, monitoring classroom 
implementation, and guiding implementation 
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analyses. We found that the frequency of imple-
mentation helped to explain effects found in an 
RCT of a middle school science intervention. 
Integrating findings from teacher interviews 
with a structural equation model that analyzed 
achievement and survey data, we found that the 
CS intervention may work not only through 
applying principles of CS but also through fos-
tering better classroom management and organi-
zation and developing professional communities, 
and we suggest that these may be common phe-
nomena across similar interventions that pro-
vide sequenced pedagogical strategies or 
activities and opportunities for collaborative 
discussions that elevate practice. Furthermore, 
our results have implications for informing 
decisions about how to balance a focus on 
increasing teacher content knowledge, on one 
hand, and providing explicit pedagogical strate-
gies linked to the curriculum, on the other. We 
additionally found that for teachers participat-
ing in the intervention, classrooms with lower 
prior achievement had lower implementation 
scores, which interview data suggest is due to 
adaptations that slowed teachers down, and 
having less science class time due to testing 
preparation. Our study highlights the impor-
tance of anticipating and calibrating interven-
tions to the contextual complexities of real-life 
classrooms, and identifies several factors with 
the potential to contribute to improved design 
and evaluation of such interventions.

Appendix

Survey Items

Compare and Contrast Survey Items

Q30. When teaching compare and contrast 
exercises to your TARGET SECTION, 
how often did you ask students to . . .

Scale: Never, Sometimes, Often, Always

•• Complete compare and contrast exercises 
before introducing the topic and general 
concepts for a lesson sequence

•• Complete compare and contrast exercises 
at the end of a lesson sequence

Q31. When teaching compare and contrast 
exercises in the Holt Cells, Heredity, and 

Classification unit to your TARGET SEC-
TION, to what extent did you ask students 
to . . .

Scale: Never, Sometimes, Often, Always

•• List several features that are common 
across examples

•• List several features that are different 
across examples

Q32. When teaching compare and contrast 
exercises in the Holt Cells, Heredity, and 
Classification unit to your TARGET SEC-
TION, to what extent did you select com-
pare and contrast examples to . . .

Scale: Never, Sometimes, Often, Always

•• Highlight features shared by all members 
of a category

•• Highlight features that distinguish catego-
ries from one another

•• Show common/typical examples of 
categories

Q33. When teaching the Holt Cells, Hered-
ity, and Classification unit in your TAR-
GET SECTION, to what extent did you 
select compare and contrast examples  
to . . .

Scale: Never, Sometimes, Often, Always

•• Foster student mastery of broad scientific 
principles (big ideas) of the chapter

Q34. When teaching compare and contrast 
exercises during the Holt Cells, Heredity, 
and Classification unit in your TARGET 
SECTION, to what extent were the exer-
cises . . .

Scale: Never, Sometimes, Often, Always

•• Teacher- and student-led—I first model 
some similarities and differences for stu-
dents, then ask the students to highlight 
similarities and differences

Q35. When teaching compare and contrast 
exercises during the Holt Cells, Heredity, 
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and Classification unit in your TARGET 
SECTION, to what extent did you . . .

Scale: Never, Sometimes, Often, Always

•• Present the relevant information from 
each exercise for students

•• Ask students to do research to find the rel-
evant information

Testing Survey Items

Q36. In teaching the Holt Cells, Heredity, and 
Classification unit to your TARGET SEC-
TION, how often did you . . .

Scale: Never, Once during the unit, Two or 
three times during the unit, More than three times 
during the unit

•• Give students a test or quiz in class
•• Test each of the broad scientific principles 

(big ideas) of the unit

Q37. Across all of the tests and quizzes that 
students completed during the Holt Cells, 
Heredity, and Classification unit, which of 
the following is true for your TARGET 
SECTION? (Check one answer for each 
row.)

Scale (answer categories):
None of the broad scientific principles (big 

ideas) in the unit
Some of the broad scientific principles (big 

ideas) in the unit
Most of the broad scientific principles (big 

ideas) in the unit
All of the broad scientific principles (big 

ideas) in the unit

•• Students were asked to study . . .
•• The combined pool of questions I gave 

touched upon . . .

Q38. In teaching the Holt Cells, Heredity, and 
Classification unit to your TARGET SEC-
TION, how often did you . . .

Scale (answer categories):
I never did this
For some tests/quizzes
For most or all tests/quizzes

•• Have students engage in organized review 
activities before taking a quiz/test

•• Indicate which items students got right or 
wrong on the test or quiz

•• Engage in class discussion focused on 
problem areas identified in a quiz/test

Q39. Considering all the tests and quizzes you 
gave for the Holt Cells, Heredity, and Clas-
sification unit in your TARGET SEC-
TION, to what extent did you . . .

Scale (answer categories):
I never did this
For some tests/quizzes
For most or all tests/quizzes

•• Use an entire quiz/test provided by Holt
•• Use quiz/test questions not provided by 

Holt
•• Test content from only one chapter at a 

time
•• Test content from prior chapters in the unit

Visualization Survey Items

Q40. During your teaching of the Holt Cells, 
Heredity and Classification unit in your 
TARGET SECTION, when an image in 
the textbook used arrows, color coding, or 
a cut-away perspective, to what extent did 
you . . .

Scale (answer categories):
Never
For a few of the relevant images in the Cells, 

Heredity, and Classification Unit
For some of the relevant images in the Cells, 

Heredity, and Classification Unit
For most or all relevant images in the Cells, 

Heredity, and Classification unit

•• Discuss the image’s arrows only if students 
expressed confusion about the image

•• Discuss the image’s arrows regardless of 
whether students expressed confusion 
about the image

•• Discuss the image, but not the arrows
•• Discuss the use of color coding as it relates 

to that particular image
•• Discuss the use of color coding as it relates 

to images in a general way
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•• Discuss the use of a cut-away perspective 
only when it was central to understanding 
the image’s main idea

•• Discuss the use of cut-away perspective 
separate from the image’s main idea

•• Discuss the image, but not the cut-away 
perspective
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Note

1. In our original preliminary analyses, we cre-
ated dummy variables to distinguish math, science, 
and other majors from each other. We found no sig-
nificant differences among types of science majors. 
Because this is a science-focused intervention and 
we had a limited sample size, we combined majors 
as keeping these distinctions limited our degrees of 
freedom.
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