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Abstract
In this paper, we take a longitudinal case study approach to explore changes in two middle school teachers’ beliefs and 
their self-reported changes in practice, as they implemented a cognitive apprenticeship intervention focused on teach-
ing written scientifi c explanations. We collected interview data as the primary data source and triangulated it with the 
teachers’ choices of tasks to explore how their beliefs about their students, their beliefs about writing, and their choices 
of instructional tasks changed over time. Findings suggest shifts in teachers’ beliefs and changes in their instructional 
practices (i.e., choice of tasks) following implementation of the cognitive apprenticeship. Our study found that the utili-
zation of cognitive apprenticeship infl uenced their beliefs and, consequently, their choice of writing tasks. 

Introduction
Recent science education reform pres-

ents a vision for scientifi c profi ciency 
based on a view of science as both a body 
of knowledge and as a way of knowing, 
and promotes teachers involving students 
in the practices of science, which includes 
constructing explanations (Next Genera-
tion Science Standards [NGSS]; NRC, 
2013). Participating in scientifi c practice 
routinely involves writing to develop mod-
els, construct and critique explanations 
and arguments, and engage in mechanistic 
reasoning (Lee et al., 2013). 

In recent years, there have been efforts 
to interweave science content with lan-
guage skills in curriculum and instruc-
tion with heightened expectations for 
science literacy. Students are expected to 
read and write as they engage in scientifi c 
practices (Lee et al., 2013). High-stakes 
standardized science tests also refl ect this 
emphasis on scientifi c literacy through 
heightened expectations for written expla-
nations and arguments (NRC, 2013). 
Yet, two-thirds of students in the U.S. 
lack even the most basic academic 

writing skills, and consequently, experi-
ence steeper struggles in developing sci-
entifi c literacy (NCES, 2012). 

Students need science teachers to 
engage and instruct them in unpacking 
the scientifi c practices in writing. This 
depends on science teachers’ learning and 
motivation to “take-up” practices that are 
unfamiliar and may not align with their 
existing beliefs about students, about 
pedagogy in general, or about writing in 
science specifi cally. Substantial literature 
demonstrates that teachers’ beliefs play an 
important role in how they take up new 
practices and select tasks (see Fives & 
Gill, 2015). As beliefs can infl uence prac-
tices, so too can the implementation of 
new practices, and the awareness of their 
effectiveness, infl uence teachers’ beliefs 
(Guskey’s 1986, 1989). Little research has 
addressed how implementing a Cogni-
tive Apprenticeship infl uences teachers’ 
beliefs and practices of engaging students 
in scientifi c practices through writing. 
The motivation for this paper came from 
interviews with two middle school sci-
ence teachers (“Maggie” and “Kim”) 

as they participated in a larger project 
implementing a Cognitive Apprenticeship 
intervention designed to support students 
in writing scientifi c explanations.

Cognitive Apprenticeship is an instruc-
tional approach that focuses on modeling, 
scaffolding, and fading support to “appren-
tice” students in complex reasoning and 
practices (Brown et al., 1989). As a form 
of curriculum intervention, CA may poten-
tially be educative for both teachers and stu-
dents. This model was effective in teaching 
domain-general literacy skills (Harris et al., 
2006) and other domain-specifi c practices 
in math (e.g., Schoenfeld, 1985) and his-
tory (e.g., De La Paz et al., 2017). Through 
CA, teachers can model, scaffold, and fade 
the use of specifi c strategies or reasoning 
to complete complex tasks to help students 
learn to use them independently (e.g., 
Harris et al., 2006). 

In this study, we address the gap in 
understanding how implementing a CA 
infl uences teachers’ beliefs and practices 
of engaging students in scientifi c prac-
tices through writing. We explore how 
implementing a CA infl uenced teacher 
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beliefs along dimensions identifi ed in the 
literature (Fives & Buehl, 2012) and their 
teaching practices, specifi cally, their 
choice of writing tasks (Fives & Gill, 
2015). Due to the small size and specifi c 
context of this case study, we present our 
fi ndings in the form of a hypothesis about 
how implementation of a CA may infl u-
ence teachers’ beliefs and practices. We 
anticipate that this hypothesis can be fur-
ther addressed through larger-N studies. 

Literature Review

Traditional Writing Instruction and 
Tasks in Science Classrooms

Although writing can potentially deepen 
students’ conceptual understanding in 
science (Brown et al., 2010; McNeill & 
Krajcik, 2007), teachers struggle to 
incorporate suitable writing tasks that 
go beyond transcribing texts or short 
responses (Applebee, 2011). Drew and 
colleagues (2017) surveyed middle and 
high school content area teachers (e.g., 
science, history math) and only a third 
reported assigning written tasks in class. 
Similarly, Kiuhara and colleagues (2009) 
found that teachers spent minimal time 
teaching students how to write in science 
classrooms through a self-reported survey. 
When they did focus on writing, chosen 
tasks were not cognitively demanding. 
Step-by-step lab procedures, note-taking, 
fi ll-in-the-blank worksheets, lists, and 
short- answer expository questions were 
common (Kiuhara et al., 2009). Some 
of these tasks may support students’ con-
ceptual understanding, but rarely are they 
designed to promote analytical thinking 
and reasoning. Kiuhara and colleagues 
also found that 60% of the science teach-
ers voiced a need for more training on 
writing instruction (Kiuhara et al., 2009). 

Challenges Science Teachers Experience 
with Writing Instruction

Many evidence-based writing inter-
ventions exist for students with diverse 
learning needs and are used by English 
teachers and special educators (e.g., 
Graham & Perin, 2007). While there 
are some research studies on evidence-
based writing approaches in science (e.g., 
Sampson et al., 2013), they have not 
routinely made their way into classroom 

practices (Kiuhara et al., 2009). Teachers’ 
reluctance to integrate literacy instruc-
tion in science classrooms partially comes 
from a lack of understanding of evidence-
based writing instruction in content-area 
classrooms (Graham & Perin, 2007). 

Traditional teacher education programs 
do not provide adequate training on writ-
ing instruction for teacher candidates 
(Drew et al., 2017). Consequently, sci-
ence teachers feel underprepared to inte-
grate writing instruction (Gillespie & 
Graham, 2014). Teacher education, pro-
fessional development (PD), and high-
quality curricula are pivotal in providing 
both novice and experienced teachers 
with much-needed support in delivering 
effective writing instruction. 

Cognitive Apprenticeships in 
Professional Development

There is a body of evidence supporting 
the notion that curricular materials and 
interventions can be “educative”: that is, 
they can promote teacher learning (e.g., 
Davis & Krajcik, 2005), and potentially, 
impact beliefs and other cognitive and 
affective constructs. It is instructive to 
consider the way in which implementa-
tion of CA may be educative in this way. 

CA has been used in professional devel-
opment (PD) to improve science teachers’ 
instruction (e.g., Kardash, 2000; McNeill 
& Knight, 2013; Peters-Burton et al., 2015). 
This body of literature points to the poten-
tial impact of these CA-based PD on teach-
ers’ beliefs (e.g., McNeill & Knight, 2013; 
Peters-Burton et al., 2015), pedagogical 
content knowledge (e.g., McNeill & Knight, 
2013), and marginally, their teaching prac-
tices (Lewis et al., 2015).

Peters-Burton and colleagues (2015) pro-
vided teachers with PD on CA to enhance 
their ability to design effective inquiry-
based instruction. The PD deepened teach-
ers’ scientifi c reasoning, however, a shift in 
this knowledge did not translate into prac-
tice because of perceived time constraints 
or defi cit views of their students’ abilities. 
McNeill and Knight (2013) and McNeill 
and colleagues (2006) also designed a 
CA-based PD to support teachers’ under-
standing of scientifi c argumentation using 
students’ oral and written argumentation in 
the science classroom. 

Both teams of researchers provided 
opportunities for teachers to analyze 
the quality of students’ arguments. They 
found that teachers developed some 
understanding of the structure of argu-
ments (i.e., claim, evidence, and reason-
ing; see McNeill & Knight, 2013). 70% 
of the teachers were able to apply their 
knowledge of the argumentative struc-
ture when analyzing students’ writing; 
however, they found that teachers strug-
gled to apply this understanding when 
guiding classroom discussions, result-
ing in diffi culties with fully integrating 
acquired instructional strategies in class 
(McNeill & Knight, 2013). Consistent 
with Peters-Burton et al.’s (2015) study, 
McNeill and Knight (2013) found that 
teachers’ increased understanding of certain 
skills did not necessarily translate into their 
teaching practices. In fact, teachers often 
misapplied what they learned from the 
PD. While a CA-based PD helped teachers 
develop more sophisticated knowledge, 
it rarely sustainably impacted teachers’ 
practices (e.g., Luft, 2001; McNeill & 
Knight, 2013; Peters-Burton et al., 2015).

Drawing on prior literature (Fives & 
Gill, 2015; Guskey, 1986, 1989), we make 
the assumption that changes in teachers’ 
beliefs are integral to changes in their prac-
tices, and any professional development or 
curricular intervention that infl uences teach-
ers’ beliefs should be explored more fully 
for its potential effect on teachers’ beliefs 
and practices. In the sections below, we 
describe our theoretical approach to under-
standing teachers’ beliefs and practices, 
before turning to a description of our meth-
odological approach and fi ndings.

Theoretical Framework: 
Teachers’ Beliefs and Practices
There are a variety of theoretical frame-

works that relate teachers’ practices and 
beliefs (e.g., Fang, 1996). For understand-
ing the role of CA on teachers’ beliefs 
and practices, we chose Guskey’s model 
(1986, 1989; see Figure 1) because it con-
ceptualizes how the implementation of 
teaching practices can lead to changes in 
teachers’ beliefs, mediated by changes 
in students’ learning outcomes (in our 
case, the work students produced as a 
result of the CA).



12 SCIENCE EDUCATOR

A large literature base now supports a 
view of teachers as active decision-makers 
who hold “complex systems of beliefs that 
infl uence how they view students, them-
selves, and science” (Bryan, 2012, p. 427). 
A wide variety of teachers’ beliefs have 
been described in the literature. Research-
ers have defi ned teachers’ beliefs broadly in 
six topics: “(a) self, (b) context or environ-
ment, (c) content or knowledge, (d) specifi c 
teaching practices, (e) teaching approach, 
and (f) students” (Fives & Buehl, 2012, 
p. 472). Specifi c descriptions of beliefs also 
include teacher self-effi cacy or the belief 
in one’s ability to plan and manage a given 
situation or a task (Bandura, 1997; Pajares, 
1996), and teachers’ epistemological beliefs 
about learning and teaching science (Levin 
et al., 2018). In the context of this model, 
students’ learning outcomes acts as a cata-
lyst for teacher change. To guide our inquiry, 
we began with deductive codes grounded in 
the prior research on teacher beliefs, but we 
allowed the most salient categories to 
emerge inductively from the data, as we 
describe in our methods section below.

Methods
We took a longitudinal qualitative case-

study approach (Yin, 2003) to under-
stand teachers’ beliefs and changes in the 
design of writing tasks. This approach 
is appropriate for beginning to chart the 
terrain of changes in teachers’ beliefs 
and choice of tasks in order to generate 
new hypotheses for systematic testing in 
future studies. It allows us to draw on a 
variety of data sources to fi nd patterns 
that “allow for multiple facets of the phe-
nomenon to be revealed and understood” 
(Baxter & Jack, 2008, p. 544). While we 
only focused on two teachers, the longi-
tudinal nature of our study allowed us 
to develop a fuller picture of changes in 
teachers’ beliefs and choice of tasks over 
time. Gouvea (2017) highlights the value 

of small-N longitudinal case studies and 
notes: “As in medical research, small-N 
case studies allow for deep examina-
tions of phenomena in real-life contexts, 
shedding light on the underlying mecha-
nisms…” (p. 1). Ultimately, we propose 
a hypothetical mechanism for the educa-
tive nature of CA that could be tested in 
larger-N studies.

PD  and Curricular Context of the Study 
In this section we add some detail to 

describe the broader context of our work 
in light of its position within a larger study 
(see Levin et al., in press). 

Maggie and Kim participated in PD 
focused on creating writing tasks to pro-
mote students’ construction and critique 
of scientifi c explanations. The CA-based 
PD took place over two years. In the fi rst 
year, we began by exploring the types 
of writing teachers assigned and learned 
that they primarily used writing mostly 
for assessment. Consequently, we made 
efforts to help them learn to incorporate 
writing during instruction in the service 
of scientifi c practices. We helped teach-
ers develop lesson ideas for constructing 
and critiquing written explanations that are 
aligned to the topic areas in the science 
curriculum. Eventually, we asked the 
teachers to construct their own lessons. 
This occurred before the implementation 
of the CA. 

In the summer between years 1 and 2, 
the teachers participated in two days of 
PD and then met for 60-90 minute ses-
sions every other week during the school 
year. The team discussed how to imple-
ment a CA model of instruction and 
collaboratively planned an initial set of 
writing prompts over the summer. 

In the second year, teachers imple-
mented CA. The CA was designed to guide 
students through a process of construct-
ing and critiquing explanations of natural 

phenomena that fi t within the teachers’ sci-
ence curriculum. It was composed of six 
mini-lessons focused on scaffolding stu-
dents’ explanation writing and critique 
of it. It also included a set of “critical 
questions” that teachers used to scaffold 
students’ writing. Students took a pre-test 
and a post-test designed to measure their 
abilities to construct and critique explana-
tions and the Fourth-Edition of the Test of 
Written Language (TOWL-4) (Levin et al., 
in press). 

Co-designing with the teachers, we 
developed a set of prompts that asked 
students to construct explanations for sci-
entifi c phenomena (e.g., “Why are some 
lakes made of freshwater and others are 
made of saltwater?”). The six lessons 
were delivered using a CA approach, 
beginning with teacher modeling of how 
to think through constructing an explana-
tion and critiquing using questions. Fol-
lowing the modeling, students constructed 
and critiqued explanations using a scaffold 
(e.g., graphic organizer), and fi nally fad-
ing out the use of the scaffold (see Levin 
et al., in press for further description of 
the intervention). Throughout the year, we 
collaboratively assessed students’ ability 
to generate additional writing probes and 
solve issues with implementation, provid-
ing continuous support for the teachers.

Par ticipants
Maggie and Kim both had been under-

graduate science majors who subsequently 
graduated from a master’s program in sci-
ence education at a public four-year uni-
versity in the mid-Atlantic region of the 
United States. At the time of this study, 
both teachers were in their third year of 
teaching. They each taught fi ve sections 
of seventh-grade science at a suburban 
middle school, and they implemented 
the CA in all of their classes. As part of 
their graduate program, Maggie and Kim 
took a series of science methods courses 
taught by the second author. Although 
these courses aligned with expectations 
of NGSS, like most science methods 
courses, they did not go into great depth 
on scientifi c literacy and writing. 

Dat a Sources
We conducted semi-structured inter-

views to capture the teachers’ articulation 

Figure 1. Guskey’s (1986; 1989)’s model for teacher change.
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of their beliefs (Glesne & Peshkin, 1991). 
In the fi rst-year interview, we primarily 
collected data to evaluate the project 
and did not intend to explore teach-
ers’ beliefs in-depth, so we did not ask 
specifi c questions about their beliefs. 
What emerged from this fi rst interview 
presented an opportunity to learn more 
about the teachers’ beliefs about writing 
and their self-reports on their practices 
of supporting student writing. This drew 
our attention to understanding how par-
ticipating in the PD and CA infl uenced 
the teachers’ beliefs and, ultimately, the 
nature of the tasks they created. 

We used a similar approach in the 
third-year interviews to determine if and 
how teachers’ beliefs and choice of tasks 
changed over time. We ultimately inter-
viewed the teachers three times: at the 
end of the fi rst year (before the CA), after 
the CA in the second year, and a year 
after the implementation of the CA, to 
see if changes we detected between years 
one and two had persisted (see Appendix 
A for interview protocol). We audio-
recorded and transcribed each interview 
verbatim (Creswell, 2005). We also col-
lected lessons the teachers had indepen-
dently written in the fi rst year and again 
in the third year, after the CA. Since we 
constructed the writing tasks the teach-
ers used during year two (when the CA 
was implemented) there are no teacher-
constructed tasks from that year included 
in our analysis. 

Data Analysis
To analyze the teachers’ choice of tasks, 

we reviewed the tasks they produced in 
the fi rst and third years, focusing on how 
the tasks could facilitate students’ con-
struction and critique of explanations. To 
explore their tacit and expressed beliefs, 
we analyzed the three years of interviews 
and considered their choice of tasks.

We organized the interview transcripts 
using HyperResearch software and the 
fi rst author began the analysis by cod-
ing the data using a combined deduc-
tive and inductive approach (Maxwell, 
2013), using deductive codes derived 
from the literature on beliefs (e.g., Fives 
& Gill, 2015) and adding other codes 
as they emerged from the data using 

an open-coding approach (Glaser and 
Strauss, 1967). She used these codes to 
develop broader themes regarding the 
teachers’ beliefs by aggregating similar 
codes together and writing analytical 
memos (Saldañ a, 2016). See Appendix 
B for the list of codes and Appendix C 
for the categorization of themes. From 
these themes and memos, we constructed 
a case study narrative using representa-
tive examples. The trustworthiness of the 
fi ndings was established by using rich and 
thick descriptions of the cases, member-
checking following the third-year inter-
views, and by reviewing and resolving 
disconfi rming evidence (Creswell & 
Creswell, 2017). 

Findings
Our analysis revealed two major cat-

egories in which we hypothesize the 
teachers’ beliefs changed through imple-
mentation of the CA: (a) beliefs about 
students and (b) beliefs about the func-
tions of writing in science class. Analysis 
of the task choices also revealed differ-
ences before and after implementation of 
the CA.

Changes in Beliefs About Students
Our analysis of the fi rst-year inter-

views, before teachers implemented 
CA, suggested both teachers expressed 
some defi cit beliefs about students. Fo r 
example,  Maggie said her students were 
“not really good at evaluating each other 
on anything” and noted that it was “like 
a struggle to get them to really elabo-
rate.” Both teachers’ descriptions of their 
choice of tasks and instructional prac-
tices refl ected beliefs that their students 
had such defi cits that the teachers could 
on ly take “baby steps” in using evidence 
to make a written explanation for a phe-
nomenon. Kim suggested that construct-
ing explanations was too challenging for 
their students and offered them defi ni-
tive “rules” for making a claim. As she 
reported: “[T]hey do a lot better when 
they have something very concrete like, 
like, if it has A, B, and C, it’s a good 
claim.” The teachers had particularly 
strong defi cit beliefs about their students 
who were English learners. Kim catego-
rized them as “lower-level” performers: 
“[T]here are a lot of my ESOL students 

or my lower-level students that just don’t 
use those words or have never heard them 
before.” Analysis of their writing tasks 
showed that the teachers created scaf-
folds to support writing, but never faded 
the use of those tools, which implies a 
tacit belief that their students could not 
make progress without scaffolds remain-
ing in place. 

In the second year interviews, after 
implementation of the CA, the teachers 
expressed more positive beliefs about 
what their students could do. Maggie, for 
example, continued to acknowledge her 
students’ struggles, but she also noted 
improvements, such as their ability to 
reason using data: “They’re good at being 
like, ‘Oh the temperature changes by 
eight degrees, so it must be a chemical 
change.’” Maggie also described growth 
in her students’ abilities to construct 
written explanations. “I feel like once 
they get it (how to write an explanation), 
they’re really good at doing it.” Kim even 
referred to her earlier defi cit beliefs when 
she described what she saw during the 
CA implementation and discussed what 
she saw in her students’ abilities:

I think that last year, I overcompen-
sated a bit for some of my students 
when I thought that they needed 
help, but now I’ve kind of stepped 
back and seen what they can do, and 
they were really good this year.

Kim also reported that her ESOL stu-
dents, who she previously described as 
struggling learners, made huge improve-
ments in science writing after implement-
ing CA. In Kim’s words, “A lot of English 
learners this year grew a lot. Their writing 
improved a signifi cant amount.”

The shift to asset-based beliefs per-
sisted a year after the completion of the 
CA implementation. While continuing 
to acknowledge areas of improvement, 
Kim noted improvements more generally 
in her students’ writing: “[B]y now the 
average student is pretty good with what 
I want with their seventh grade [writing] 
standards.” These and other examples of 
asset beliefs that persisted beyond the 
CA implementation suggest a contrast 
from the fi rst year, where the teachers 
rarely highlighted students’ strengths.
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 Changes in Beliefs About the Functions 
of Science Writing

This quote marks the development of 
new beliefs about writing: as valuable 
for instruction.

...[T]o write about [chemical change 
phenomena], and the reasoning to 
be like, “A chemical change has one 
of these fi ve signs. Because my so-
lution went from clear to purple, 
it’s representing one of those signs. 
Therefore, this must be a chemical 
change,” -- that’s a really higher-
level thinking skill, where they have 
to connect multiple pieces together. 

Before implementing the CA, Kim and 
Maggie believed writing in classrooms was 
primarily for communication and assess-
ment. In particular, Kim saw writing as a 
tool for getting students to display the cor-
rect answer so they could be assessed by 
her and on high-stakes tests. In describing 
the kinds of writing tasks she assigned, 
Kim expressed a preference for close-
ended “correct answer” questions that 
addressed factual content covered on her 
assessments and high-stakes tests. She also 
reported she included more “structured” 
forms of writing like laboratory reports. 
We inferred from the description of tasks 
she chose that she did not believe writing 
served as a tool for instruction, but rather 
a tool for communication (i.e., structured 
laboratory reports) and for simple assess-
ment that was easy to grade (i.e., close-
ended questions).

Like Kim, Maggie expressed beliefs 
that suggested writing in science class 
was primarily for communication and 
assessment. She tied it to a school-wide 
approach to writing that was intended to 
prepare students for high-stakes tests: 
“[W]e taught biology where they make 
them write a lot. So, they’re expected to 
write longer lab reports to prepare them 
for AP and IB classes.” Thus, even though 
Maggie did report using writing in instruc-
tion, its use in instruction was primar-
ily for practice communicating clearly in 
higher-level classes.

After implementing the CA, both 
teachers’ beliefs about the role of writing 
expanded from a tool for communication 
and assessment to a vehicle for instruction. 

Kim believed critiquing each other’s writ-
ing helped students develop metacognitive 
and critical thinking skills:

“But when they look at someone else’s 
to evaluate, they’re like- ‘oh well, 
obviously, that’s wrong. Obviously, 
you should have done this’...I think 
that has just helped them grow in 
that refl ective, metacognitive way 
of looking at their writing…”

Maggie’s beliefs about writing also 
expanded over time, as revealed in the 
tasks she chose. She described the value in 
having students write explanations, noting 
in particular that critiquing explanations 
goes “hand in hand” with writing: “[I]t 
would make sense to me if you learn how 
to write [explanations] then you learn how 
to critique.”

Importantly, both teachers did not 
abandon their beliefs about the impor-
tance of writing for assessment and 
communication, but the nature of what 
they began to notice and assess changed. 
A quote from Kim describes what the 
teachers came to believe was worth 
assessing: “A lot of them when they were 
going through their writing, you got to 
see more of that cause and effect in their 
thinking, which was great to see.”

A year after delivering the CA, teachers 
retained these beliefs about writing instruc-
tion and believed writing plays a key role 
in helping students engage in explanation 
and argumentative reasoning. In many 
cases, we inferred teachers’ tacit or unex-
pressed beliefs through their instructional 
practices. Shortly after, the school district 
began introducing a claims-evidence-
reasoning approach (CER; McNeil & 
Krajcik, 2007). Although it was not 
required, both teachers reported investing 
time in teaching students to write expla-
nations and arguments in class using a 
CER approach.

More generally, teachers came to believe 
writing was a valuable tool for reason-
ing, as Maggie described in the quote that 
opened this paper. 

...[T]o write about [chemical change 
phenomena], and the reasoning to 
be like, “A chemical change has 
one of these fi ve signs. Because my 

solution went from clear to purple, 
it’s representing one of those signs. 
Therefore, this must be a chemical 
change,” that’s a really higher-level 
thinking skill, where they have to 
connect multiple pieces together.

Thus, after implementing CA, both 
teachers demonstrated an expansion in 
beliefs about the functions of writing 
from communication and assessment to 
learning and reasoning. This change was 
also evident in their choice of tasks and 
reported instructional practices preced-
ing and after the CA implementation.

 Changes in Choice of Writing Tasks
Before teachers implemented CA, 

their choices of writing tasks were not 
very systematic.

When asked about their instructional 
approaches, they did not describe any 
specifi c practice, nor did they mention 
reserving any time for writing instruc-
tion. In that fi rst year, as we describe in 
our methods section, we made efforts to 
help the teachers learn to incorporate writ-
ing during instruction. We helped them 
develop ideas for instructional lessons on 
constructing and critiquing written expla-
nations and arguments and then asked 
them to construct their own lessons. One 
of the lessons they designed is shown 
in Figure 2. 

In this task, students were asked to for-
mulate and choose the best explanation 
or “claim” made about a science phenom-
enon (i.e., population change). Although 
they did make efforts to encourage stu-
dents to construct and critique each other’s 
proposed explanations (in this case, their 
claims), the teachers had the whole class 
brainstorm together the “everything you 
remember” and “circle map” about the 
relationship between population and pol-
lution. As shown below, the “claim” that 
they had students make really led logically 
to only one correct answer. Thus, although 
the teachers wanted students to critique 
each other’s claims, there was little diver-
sity in the claims and very little opportunity 
for students to disagree and argue.

By contrast, after the CA implementa-
tion, teachers independently continued 
using the claims, evidence, and reason-
ing approach and integrated it into their 
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usual practice. Now they focused more 
on creating tasks that allowed students 
to construct diverse explanations and 
critique them. For example, they had 
students conduct an investigation where 
light was shown through different fi lters 
to shine on objects with different colors. 
Rather than assigning traditional lab 
reports, as they described in earlier inter-
views, they enhanced their inquiries by 
asking students to write “scientifi c expla-
nations” that they had to construct using 
a claims-evidence-reasoning framework. 
Figure 3 below shows an example. Since 
the students had collected their data, their 
fi ndings led to a variety of responses. 
This activity created opportunities for 
students to construct, critique, and argue 
about explanations, practices which were 
not as well-supported by their choice of 
tasks before the CA.

While the CER format was promoted by 
the district, it is notable that the approach 
was not required and other science teach-
ers in the school did not use it. Yet, Mag-
gie and Kim adapted it as an approach 
to structure students’ written work in the 
context of investigations that they were 
already using in instruction. 

Di scussion
In this study, we explored changes in 

two teachers’ beliefs and choices of tasks 
before and after they implemented a CA 
focused on writing scientifi c explanations. 
Findings suggest that before implement-
ing CA, Maggie and Kim expressed defi -
cit beliefs about students and felt strongly 
about the limited role of writing in stu-
dents’ learning. Echoing fi ndings from 
previous work by Peters-Burton et al. 
(2015) and Lewis et al. (2015), teachers’ 
beliefs transformed after implementing 
CA regularly in their classrooms. Changes 
in their beliefs were also refl ected in their 
choices of tasks. Before participating in 
the CA, the teachers expressed beliefs 
about the use of writing for assessment, 
whereas after the implementation they 
were more likely to express beliefs as 
valuable for instruction.

Although we found that changes in 
teachers’ choice of tasks were consistent 
with the transformation in their beliefs, 
we acknowledge that other factors may 
have further motivated teachers to adopt 
new practices. For instance, the district’s 
push to adopt the use of CER could have 
incentivized the teachers. We argue that 

the structural similarities between a CER 
and the tasks designed as part of the PD 
may have compelled the teachers to use 
the CER more. Given the scope of this 
study, we cannot draw conclusions about 
the causal relationship between CA and 
the teachers’ changes in beliefs; however, 
our fi ndings suggest that implementing 
CA and observing the qualitative differ-
ences in students’ work allowed the teach-
ers to see beyond their students’ defi cits. 
To elaborate, CA allowed both teachers to 
“apprentice” students in complex reason-
ing and practices (Brown et al., 1989) and 
were attuned to observe students’ prog-
ress. Since the CA called for the teachers 
to gradually allow students to engage in 
sophisticated reasoning independently, 
they had opportunities to observe what 
students could do, fueling their motivation 
to design more challenging tasks.

Revisiting Guskey’s model (1986; 
1989), we suggest a hypothetical concep-
tual framework for how implementing a 
CA focused on writing in science could 
impact teachers’ beliefs and choice of 
tasks (Figure 4). Based on our fi ndings, we 
hypothesize that the implementation con-
tributed to changes in the teachers’ beliefs 
and infl uenced the tasks they chose. The 
fundamental question is how implemen-
tation of the CA could impact teachers’ 
beliefs and practices. This is particularly 
important considering there was little evi-
dence that the CA intervention itself was 
conclusively effective in making substan-
tial statistically signifi cant improvements 
to students’ writing (Levin et al., in press).

Drawing from Guskey’s model, we 
assert that students are the key players 
that guide teacher change when new prac-
tices are introduced. The CA provided the 
means for students to demonstrate their 
strengths and to highlight for teachers the 
potential of including cognitively demand-
ing writing tasks. While the effect of the 
CA on students’ construction and critique 
of explanations was underwhelming (see 
Levin et al., in press), we hypothesize 
that as teachers worked with us to design 
prompts, evaluate, and provide feedback 
to students, they noticed improvement 
in their students’ writing that cultivated 
more asset-based beliefs about students 
and positive beliefs about writing in 

Figure 2. Population change task, developed during year 1 (2016).
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science class. We suggest that by attend-
ing to the substance of the students’ writ-
ten work, teachers were more sensitive to 
their students’ success qualitatively than 
our quantitative measures could pick up. 
A large body of work shows that teachers’ 
beliefs are infl uenced by what they attend 
to in students’ thinking (Robertson et al., 
2016). We also propose that this attention 
to what the students were able to accom-
plish through the CA infl uenced the teach-
ers’ beliefs and consequently infl uenced 
their choice of writing tasks.

Imp lications for Research and 
for Teacher Education

Unlike quantitative research, in a 
qualitative case study, we do not seek 
external validity and attempt to make 

generalizations (Creswell & Creswell, 
2017). Instead, we raise a hypothesis that 
merit greater research. We are currently 
following other teachers who are imple-
menting similar interventions, and we 
hope to test and refi ne this hypothesis. It 
may hold up over many cases that a CA 
focused on engaging students in scien-
tifi c practices through writing infl uences 
teachers’ beliefs in general, or we may 
fi nd that it infl uences different teachers 
in different ways, or that it doesn’t infl u-
ence some teachers’ beliefs at all. 

For teacher education, our results sug-
gest that, in accordance with our adapta-
tion of Guskey’s model (1986; 1989), 
engaging in new and innovative practices 
can impact teachers’ beliefs and their 
future practices. We do not propose that 

teacher education programs or teacher 
PD primarily focus on having teachers 
implement prescribed curricula. Rather, 
we encourage exploring instructional 
approaches like CA that provide opportu-
nities for students to develop and dem-
onstrate disciplinary knowledge and 
practices through gradual release of scaf-
folding. These opportunities for students 
to engage in independent practice may not 
only benefi t students’ learning, but it may 
also open doors for teachers to examine 
the substance of their students’ works and 
strengths. In doing so, we should facilitate 
more opportunities for teachers to review 
and analyze students’ work and provide 
feedback to their students.
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