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Abstract Reading is fundamental to the conception of science and the practice
of scientists. Understanding the language used to create, discuss, and dissemi-
nate scientific knowledge is central to science teaching and learning. This chapter
describes the experience of seven high school science teachers in a professional
development (PD) program aimed at developing their expertise in teaching science
reading through a functional focus on language. Data sources included interviews
with participants, audiotaped PD sessions, and field notes from classroom observa-
tions. These data were analyzed using multi-tiered coding and constant comparison.
Results indicated that the teachers developed a basic understanding about the rele-
vance of language to science, the unique challenges of science reading, the special
features of science language, and strategies for teaching science reading through
a functional focus on these features. They demonstrated a willingness to try out
what they were learning in their own classrooms and experienced varied degrees of
success and satisfaction in their endeavors depending on their levels of familiarity and
comfort with particular language features. Their learning and implementation were
impacted by personal factors (e.g., conception of science, knowledge about English
grammar, prior training, past learning experience, motivation to learn and try out new
ideas), as well as contextual factors (e.g., school culture, classroom realities, oppor-
tunities to learn/share/reflect, level of support from experts/peers/administrators).
These findings have important implications for science educators interested in using
evidence-based language and literacy practices in service of science teaching and
learning.
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4.1 Introduction

Science requires “both material and semiotic practices” (Halliday, 1998, p. 228).
It involves conjecture, rhetoric, and argument, as well as the empirical work of
observation and experiment in natural and laboratory settings. Contrary to popular
misconceptions, the empirical work is not the bedrock upon which science is built,
but rather a subsidiary activity used to support the discursive practice of generating
and justifying knowledge claims about how the universe works (Osborne, 2002).
Because of the centrality of language and literacy to science, science educators have
been exhorted to “give prominence to the means and modes of representing scien-
tific ideas, and explicitly to the teaching of how fo read, how to write and how to
talk science” (emphasis original, Wellington & Osborne, 2001, p. 138). National
standards in the USA, such as the Next Generation Science Standards (www.nex
tgenscience.org) and the Common Core State Standards (www.corestandards.org),
recognize the importance of language and literacy to science education, calling on
science teachers to promote language use and support literacy development in service
of science inquiry, learning, and sense making (National Research Council, 2012).
Empirical research has consistently demonstrated that reading/writing is a powerful
vehicle for engaging students’ minds, fostering the construction of conceptual under-
standing, supporting inquiry and learning, building disciplinary knowledge, and culti-
vating scientific habits of mind (e.g., Cervetti et al., 2012; Chen et al., 2013; Fang &
Wei, 2010). Without the ability to read/write science texts, or the fundamental sense
of science literacy (Norris & Phillips, 2003), students are severely limited in the
depth and breadth of science knowledge they can attain.

4.2 Science Language and Science Teaching/L.earning

For schools to effectively develop students’ ability to read/write science, the study
of science language is essential (Fang, 2006; Seah & Silver, 2020; Yore et al., 2003).
Science language refers to the linguistic register that is typically used by scientists
to construe and communicate scientific knowledge, principles, understanding, and
worldviews. This language differs from other varieties of language (e.g., everyday
language) in that it is more technical, abstract, dense, and hierarchically structured
(Fang, 2005). Science language is technical in part because it uses specialist termi-
nology (e.g., electromagnetic wave, penumbra) and everyday words with technical
meanings (e.g., fault, matter). It is abstract in part because it uses nominaliza-
tions (e.g., polarization, frequency), i.e., words that derive from concrete happenings
(polarize) or qualities (frequent). It is dense in part because it uses long noun phrases
that pack a heavy load of information (e.g., Humidity is a measure of water vapor
in atmospheric air). It is hierarchically structured because it construes complex
ideas and their relationships through expository genres such as report, explanation,
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and argumentation. The degree of technicality, abstraction, density, and hierarchy
increases from elementary science through secondary science to professional science,
presenting an ongoing challenge to science teaching and learning.

To support the development of science literacy, science teachers must demon-
strate a solid understanding of science language and at the same time be equipped
with strategies to help students make sense of and use this language (Fang, 2006;
Patterson et al., 2018; Seah & Silver, 2020). Many science teachers are, however,
ill prepared for this important work. Although most states in the USA now require
a content area literacy course in secondary educator preparation programs to help
teachers address the literacy demands of disciplinary learning (Romine et al., 1996),
the course typically focuses on generalized reading strategies such as note taking,
graphic organizer, and summarizing, with marginal attention to language (except
for vocabulary). Professional development programs for in-service teachers, like-
wise, focus on essentially the same set of generalized reading skills and strategies,
with teachers expected to integrate them into their teaching practices after limited
exposure in workshops. Consequently, many secondary science teachers lack exper-
tise and confidence to help their students tackle the unique challenges of science
reading—they lack knowledge about different genres and registers of science texts
and strategies for teaching students to comprehend and critique these texts. This
contributes to their resistance to reading instruction; in fact, many science teachers
view the teaching of reading/literacy as an optional extra that can wait until they have
covered a curriculum that is already packed with content (Fang et al., 2008).

For these reasons, scholars (e.g., Fang, 2014; Patterson et al., 2018; Seah, 2016)
have reiterated the imperative for science teachers to develop a foundational under-
standing about language and reading as part of their professional knowledge and
skill. In this chapter, we report on a seven-month professional development (PD)
program designed to support high school science teachers in learning how to teach
reading in science through a functional focus on language. Two specific questions
guided our study: (a) What understandings about science language did the science
teachers develop through the PD experience? and (b) how did the science teachers
integrate what they were learning into their teaching practices?

4.3 Methods

4.3.1 Setting

Our research took place in a large suburban Florida (USA) high school serving
grades 9 through 12. The student population in the school totaled nearly 3000, with
an ethnic makeup of approximately 60% White, 26% Black, 10% Hispanic, and 4%
Asian/other. Twenty-two percent of the students were from low-income households,
as evidenced in their being on the school’s free or reduced-price lunch program.
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The school administration encouraged teachers to learn about reading in content
areas. It supported an after-school study group where teachers met regularly to discuss
pertinent topics in education. Several texts that addressed generic content area reading
strategies were used in this context, including Allen (1999), Beers (2002), and Tovani
(2000). In addition, a reading specialist was on staff to provide support for teachers
across all content areas. She regularly conducted workshops for faculty, addressing
topics in fluency, vocabulary, and generic reading strategies.

4.3.2 Participants

Participants for the study were recruited through an institutionally sanctioned
informed consent process. Their selection was based primarily on practical consider-
ations such as willingness and access (Strauss & Corbin, 1998). Specifically, the high
school principal reviewed a brief description of our research project and convened a
meeting with the 28 teachers in the science department, where we presented informa-
tion about our study (e.g., purpose, structure, time commitment) and offered incen-
tives (a $300 stipend and two books on science and literacy) to encourage partici-
pation in the study. Seven science teachers—six females and one male—agreed to
participate in the study. They represented various areas of science, including biology,
anatomy and physiology, physical science, and marine science. Their teaching expe-
rience ranged from 5 to 34 years and covered grades 9—12. Individual profiles of the
teachers are presented in Table 4.1.

4.3.3 Professional Development Program

The seven teachers participated in a professional development (PD) program that
we, two university-based language and literacy researchers, designed to further their
understanding of science language and science reading. In designing this program,
we followed the guidelines teacher researchers (e.g., Borko, 2004; Desimone &
Garet, 2015; Lee & Buxton, 2013) found effective in facilitating teacher learning and
promoting change in beliefs and practices. Specifically, our PD program was content
focused (i.e., science language/reading) and used a research-based model (Fang,
2013; Watson & Manning, 2008) that integrates learning, practice, and reflection. It
lasted an extended period of time (7 months), which is sufficiently long to promote
learning and bring about change. It encouraged peer collaboration, thoughtful conver-
sation, and critical reflection, allowing teachers to examine whether/how their beliefs
aligned with what was being studied. It also offered a safe place for teachers to try
out new ideas, receive feedback, and build confidence.

The goal of our PD program was to help the teachers develop a foundational
understanding of the language demands of science reading and the strategies needed
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Table 4.1 Profiles of teacher participants

Name Degree Route to Years in Grades taught | Subject taught
teaching teaching
Bette Bachelor in Alternative 5 years 9th and 10th Honors biology
biology with a teacher grades
minor in certification
chemistry and program
Spanish
Casey | Bachelor in health | Traditional 15 years 10th and 11th | Anatomy and
education four-year grades physiology
teacher
preparation
program
Lisa Bachelor in Traditional 34 years 11th and 12th | Marine science
secondary four-year grades
education witha | teacher
concentration in | preparation
biology and a program
minor in
chemistry
Mona Bachelor in Traditional 17 years 9th grade Physical science
science education | four-year
teacher
preparation
program
Billie Bachelor in Alternative 6 years Oth grade Physical science
chemistry teacher
certification
program
Brad Bachelor in Alternative 8 years 10th grade Biology
biology with a teacher
minor in certification
education program
Patsy Bachelor in Alternative 12 years 10th and 11th | Honors biology
psychobiology teacher grades and advanced
certification placement (AP)
program biology

to cope with these reading challenges. Toward this end, we designed and delivered
five learning modules as follows:

Module 1: Overview of the challenges of science reading in secondary schooling
Module 2: The fechnicality of science language and coping strategies

Module 3: The abstraction of science language and coping strategies

Module 4: The density of science language and coping strategies

Module 5: The genres of science and coping strategies.
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Each module included examination of relevant journal articles (e.g., Fang, 2005,
2006, 2008; Fang & Schleppegrell, 2010; Osborne, 2002) and chapters (e.g., Fang,
2010; Fang & Schleppegrell, 2008; Halliday, 2006; Saul, 2004; Wellington &
Osborne, 2001). In addition, the teachers brought science textbooks and other class-
room reading materials to each PD session so that they could analyze language use
in these texts, discuss the challenges science language presented to their students,
and consider strategies for tackling these language demands.

These modules were delivered over eight meetings, with a 3—4-week interval
between the meetings. Each meeting included a 2-h formal session, broken down
into an hour of expert study and an hour of practice-based discussion (Watson &
Manning, 2008). The first hour of expert study included discussion of professional
readings and modeling of strategies. During this hour, the teachers were encouraged
to analyze, weigh, and question the information presented in the readings against their
own experiences. During the second hour, the teachers discussed the usefulness of
the concepts covered and the strategies demonstrated in relation to their own practice.
They then used their own materials to plan for classroom implementation and reflect
on the feasibility of using the information from the first hour in their own classrooms.
Additionally, topic-relevant questions were posed at the beginning and end of the
meeting to stimulate thinking and conversation. In between the eight meetings, we
visited the teachers’ classrooms on a weekly basis, offering support through informal
observations and follow-up conversations. This ongoing cycle of meeting, trying out
new ideas, and discussing the challenges and successes of classroom implementation
encouraged the teachers to actively reflect on how their understanding of science
language/reading helped shape their teaching practices (Fang, 2013).

4.3.4 Data Collection

To answer the two research questions, we collected several types of data. The
primary data sources were transcripts of PD sessions and individual teacher inter-
views. Secondary data sources included classroom observations, informal conver-
sations with the teachers, email communications between us and the teachers, and
the concept maps the teachers constructed to demonstrate their understanding of the
topics discussed. Data consisted of approximately 25 h of audio recordings of eight
PD sessions, 7 h of interviews, 2 h of informal conversations, and 22 h of classroom
observations. These resulted in nearly 500 pages of transcription and over 70 pages of
field notes. More details about the interviews, informal conversations, and classroom
observations are provided in Table 4.2.
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Table 4.2 Details about select data sources

Data sources

Details

Interviews

Each teacher participated in two semi-structured interviews, each
lasting between 20 and 30 min. Each interview was recorded with a
digital-voice recorder and then transcribed. A mid-term interview was
conducted to assess the teachers’ understanding and views of the PD
content. A final (or exit) interview further assessed what the teachers
had learned from the PD experience and probed for how they would
continue to develop and implement their learning about science
language and science reading. These interviews provided valuable
perspectives on what influenced the learning process of individual
teachers

Informal conversations

Informal conversations with individual teachers were carried out
throughout the duration of the study. Field notes about the content of
these conversations were recorded in a research log. These
conversations focused on the teachers’ understanding of science
language/reading and their experience teaching it. They provided
additional insights into the successes and challenges that the teachers
experienced as they attempted to integrate the newly acquired ideas or
strategies into their daily teaching routines

Classroom observations

We conducted observations of the teachers in action to determine (a)
the degree of consistency between what the teachers said in the PD
sessions about their classroom practices and what was actually
occurring and (b) if/how the teachers were implementing any of the
strategies discussed in the PD meetings. The observations took place
on a weekly basis contingent upon a mutually agreed upon time
between us and each teacher. Each observation lasted 30-50 min
Detailed field notes were recorded during the classroom observations.
The observation protocol included both a descriptive column and a
reflective column. In the descriptive column, we recorded information
about observed classroom activities that involved reading or attended
directly to a concept or strategy discussed in the PD sessions. In the
reflective column, we recorded wonderings and thoughts about what
was happening in the classroom as it pertained to our study. After each
observation, we held a debriefing conference with the teacher to
discuss these two questions: (a) What do you think went well with
your lesson? and (b) what would you do differently if you try this
lesson again?

4.3.5 Data Analysis

Data were analyzed using methods characteristic of grounded theory studies,
including repeated reading, multi-tiered coding, and constant comparisons (Creswell,
2007; Strauss & Corbin, 1998). Specifically, we read and coded data in several stages
in an attempt to discover categories, relate categories, and finally organize the cate-
gories to create a theory of what facilitated or inhibited the teachers’ learning about
science language/reading. In stage one, we engaged in open coding by examining
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the interviews and PD transcripts line by line, aiming to generate preliminary cate-
gories and themes (e.g., barriers, struggles, concerns, issues, resistance, excitement,
insights, successes) that explained how the teachers made sense of the information
presented in the PD. We also used ‘memoing’—i.e., the process of jotting down notes
about an evolving theory—to record our reflections on what we were learning from
the data. This helped us keep track of our own thoughts, questions, and changes in
ideas as the research progressed.

In the second stage, we engaged in axial coding, seeking to discover relationships
and connections among categories as we worked to put the data back together in a
new way. We looked for links among categories that might aid in conceptualizing
the factors that contributed to or hindered a teacher embracing and implementing a
concept or a strategy presented about science language/reading. At this point, initial
codes were collapsed into larger categories, and analysis of data continued until
evidence of support for axial codes was found. This process enabled us to build a
theory by creating categories around the conditions, actions, and consequences that
were significant to the phenomenon being studied.

The last stage of coding was selective coding, which involved identifying a central
category and an explanation for how the sub-categories fit together within that cate-
gory. Memos and all data analysis up to this point contributed to the identification
of selective codes.

In our study, data were analyzed both within and across cases. Findings from
within-case analysis identified the experiences of each teacher. Cross-case analysis
was then used to examine data along the lines of technicality, abstraction, density, and
genres. This analysis procedure contributed to the formulation of a theory about how
the teachers conceptualized and interpreted science language/reading and related it
to their own teaching practice. The analysis was ongoing and iterative throughout the
data collection period. This systematic coding process allowed the identification of
themes and categories, helping build a theory about how the teachers learned about
science language/reading and integrated it into their teaching practice.

4.4 Findings

During the PD experience, the seven science teachers were excited to learn about
science language/reading and ways of integrating it into their classrooms. They devel-
oped a foundational understanding of the relevance of language to science, the unique
challenges of science reading, the special features of science language, and strate-
gies for teaching science reading through a functional focus on these features. They
demonstrated a willingness to try out what they were learning in their own class-
rooms and experienced successes and satisfaction, as well as barriers, misgivings,
and frustration, in their implementation. These findings are presented in detail below.
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4.4.1 Embracing a New Perspective on Science
Language/Reading

Prior to the PD, the teachers viewed science language as consisting primarily of
vocabulary. They did not consider issues of abstraction, density, or genre when
thinking about how to teach reading in science. Nor did they consider how science
language was functional in presenting ideas and developing arguments in science.
During the PD experience, they began to think differently about language in science.
For example, Patsy noted in her final interview that looking at how language
functions in science was a new perspective to her. Although she knew that science
language was filled with technical words, she had not considered how technicality
contributed to the complexity of science language, nor had she ever learned about the
concepts of abstraction, density, or genre. She contrasted her prior knowledge about
science teaching with her new awareness about the role of language in science:

We always are taught hands on, hands on — they’ve drummed it into us. And as scientists
and science studiers of the process, we jump right on that. But there is more involved, and I
never stopped to think about it’s not just the labs, it’s not just the hands on, it’s the language
approach too. (Final Interview)

With the new understanding about science language, the teachers gained fresh
insights into why their students found science texts challenging. Prior to this PD,
the teachers identified issues with student behavior, technology, student interest, and
poor preparation from early grades as reasons that students would not or could not
read science well now and in later grades. After the PD, the teachers had a better
understanding of why science is difficult for students to read. They realized that
unfamiliarity with science language could contribute to students’ lack of proficiency
or interest in reading science texts. According to Bette, it was the expository nature
of science writing that made science texts less entertaining and more difficult to read
than stories. Billie attributed her students’ struggles with science texts to their lack
of experience with these texts, noting

The kids struggle because of the differences between what they’re used to reading in the
younger grades, per se, and what they have to read now [in secondary science] -- it is so
much more complicated and dense. (Mid-Term Interview)

Understanding reading challenges through a language lens also impacted how
the science teachers viewed their own responsibilities in teaching reading. Casey
admitted she used to think that her students avoided or struggled with reading because
they were lazy/disinterested or because textbooks were poorly written. She described
how her thinking evolved during the PD below:

I had become so accustomed to reading science materials that I didn’t really realize that
the students would have difficulty with it and why. Now, I'm more aware. In the past, I
just became frustrated that they don’t read their books, or I would be frustrated with the
writers of the books because like, why can’t they make a book that the students can read and
understand? Whereas, now, I understand that what we have going on here is the fact that the
students are more familiar with narrative and other types of writing. They’re going to have



70 J. D. Patrick and Z. Fang

to eventually be able to read science texts, so we’re in that kind of transition where we have
to get them to do something that they don’t feel comfortable with. I have this awareness now
that, okay, it’s not just that the students don’t want to read, it’s not that they can’t write a text
that the students can read. Now, I do see my role more clearly as having to give them some
strategies that can help them to be able to get more comfortable with science reading since
they’re going to need to be able to do it in the future. (Final Interview)

With a keen sense of responsibility for teaching reading, the science teachers
were excited about and grateful for the new instructional strategies that they had
been learning during the PD. They believed these strategies would enable them to
engage their students in science learning in new, powerful ways. As Lisa said,

And this [PD] gave us a whole box full of tools that are eminently useable. We know how
to do them. You took us under the hood of the car and showed us this one will loosen this
nut and bolt — it’s like oh, light goes on. I feel much more — and I really love this word —
empowered. I really feel more empowered to help the students deal with all these aspects.
(Final Interview)

4.4.2 Learning About Science Language

Through the PD experience, the science teachers developed a basic understanding of
the specialized features of science language (i.e., technicality, abstraction, density,
genre), albeit not without struggles. They most easily embraced technicality and
genre, yet wrestled mightily with abstraction and density. These understandings, or
declarative knowledge about science language, contributed to their levels of comfort
and success in teaching the four linguistic concepts, or procedural knowledge about
science language, as will be shown in the next section.

4.4.2.1 Technicality

The science teachers rated technicality as the feature with which they were most
familiar and comfortable. In the initial PD meeting, they understood that science
language is technical due to its use of specialist terminology such as lithosphere and
plate tectonics. They recognized that technical vocabulary presented a challenge to
their students and were able to address it in science lessons. According to Casey, for
example,

I had the most background knowledge there [technicality] to begin with and then, of course,
built upon that. I feel very comfortable with analyzing the word parts. That’s something that
I had actually done before. Not in such a systematic way as we learned how to do, but I feel
very comfortable with that. (Final Interview)

The teachers’ understanding of technicality deepened over the course of the PD.
They were able to elaborate on technicality and became more aware of the need to
attend to it in their teaching. In the mid-term interview, Patsy was able to identify
different types of technical words—such as naming words (e.g., trachea), process
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words (e.g., photosynthesis), concept words (e.g., force), and mathematical words
(e.g., statistical)—in a way that was consistent with how the topic had been presented
during the PD and voiced a commitment to directly teach the meanings of these types
of science words in her classroom.

Although the teachers were initially aware of specialist terminology (e.g., mitosis),
they had not considered how everyday words such as medium, library, and matter
could also contribute to the technicality of science language. In fact, they expressed
surprise in thinking about technicality from this perspective. Bette indicated that it
had not occurred to her that students might be confused by this type of technical
words. She recalled science lessons in which her students mistook sponge (a sea
creature) as “a cleaning tool” and fault (a crack in the earth) as “something that’s
wrong”. She now recognized the need to explicitly draw students’ attention to these
commonsense words that are used in a scientific sense. Similar sentiments were
shared by Brad and Lisa, who developed a heightened awareness of words that can
have a different meaning when used in a different context.

4.4.2.2 Abstraction

Unlike technicality, abstraction sounded foreign to the science teachers. They had
a difficult time grasping what abstraction in science language means. Prior to the
PD, they had not thought about the possibility of science language being abstract.
They associated abstraction in science language with an abstract science concept or
idea that cannot be easily seen or touch (e.g., cells, DNA). Casey discussed how her
understanding of abstraction evolved:

I started out with a misconception that abstractness had to do with the fact that many of
the concepts in science are not something that the student can see or touch. That was my
idea of abstractness. I had thought about science as dealing with abstraction, but just more
in that a lot of it is not concrete, visible. They can’t touch it because we might be talking
about something microscopic, you know, something that we only have theories about how it
works. We don’t even really know because nobody can see it, touch it, feel it kind of thing.
So that was my idea of abstraction in science prior to this. I had just never thought that a
word could be abstract because it has so much information in it. (Mid-Term Interview)

As the teachers were introduced to the concept of nominalization, they seemed to
gravitate toward the process of changing an adjective or a verb into a noun (e.g.,
discover — discovery, significant — significance), but paid little attention to
the functions of nominalization, such as distilling information, creating technical
taxonomy, and facilitating discursive flow. They recognized that when a verb or an
adjective is turned into a noun, it makes a text more challenging for students to
understand. This nascent understanding can be seen in Billie’s comments during one
of the PD sessions.

... it’s more natural to say, “The storm made a significant impact on the community.” That’s
report — that’s how you might hear in reporting. But you might write about it. You want to
be more assertive in your writing as a scientist because you want people to believe you and
so a lot of scientists will take — instead of saying, “That storm was — that was a significant



72 J. D. Patrick and Z. Fang

storm.” They might then talk about, “The significance of the storm.” Now you’ve taken that
adjective — you’ve switched it into a noun. Well, in our narrative writing the nouns of our
sentences, the who’s and the what’s are primarily peoples’ names, places and, you know,
1, he, she, your pronouns. In science, they’re abstract: the discovery, the significance. (PD
Session #5)

To help the teachers better understand the importance and functions of nominal-
ization, we designed a sentence completion task (Fang, 2010), where they were to
use an abstract noun (e.g., the journey) to summarize the information presented in a
previous sentence (e.g., head north for cold water of the Artic) and make it be the
subject of the ensuing sentence, as the example below illustrates:

During the winter, humpback whales head north for cold water of the Arctic. is long and
dangerous. [Answer: The journey]

This task was designed to help the teachers see how nominalization synthesizes
information in a prior sentence for subsequent discussion and, in so doing, facilitates
the information flow from one sentence to the next.

We also had the teachers bring their textbooks to the PD sessions, working in pairs
to identify nominalizations and discussing the roles these nominalizations serve in
the development of text and argument. In the following example generated by the
teachers, we discussed how the nominalization “these conditions” condenses the
information in the preceding sentences to become the subject of the last sentence
and at the same time develops a line of reasoning that contributes to the cohesiveness
of the text.

Sometimes a population grows more rapidly than the available resources can handle.
Resources that are needed for life, such as food and water, become scarce or contaminated.
The amount of waste produced by a population becomes difficult to dispose of properly.
These conditions can lead to stress on current resources and contribute to the spread of
diseases that affect the stability of human populations both now and to come.

Despite our efforts, the teachers’ struggles continued. Some teachers (e.g., Casey
and Patsy) seemed to be making more progress than others (e.g., Brad and Lisa)
in understanding abstraction. Toward the end of the PD, most teachers realized that
abstraction was a major challenge they took for granted before and vowed to pay
more attention to it in their work with students. However, two-thirds of the teachers
still did not seem to substantially expand their initial understanding of the concept
of abstraction; they continued to associate it only with the idea of not being tangible
or to focus on the form but neglect the functions of nominalization.

4.4.2.3 Density

Like abstraction, the concept of density also presented a formidable challenge to
the science teachers. They described density in terms of how much information is
presented in a science text rather than how long noun phrases are used to pack dense
information into a single clause. They were apprehensive about having to break down
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complex noun phrases because of their own lack of knowledge about the language
structures. During the first PD module, the teachers were introduced to the concept
of density by reading Fang (2008). They agreed that science texts were too dense
and that density was a problem for their students.

When the teachers were subsequently directed to find examples of density in
their science textbooks, they had a hard time finding noun phrases. Instead, they
identified an entire sentence, such as “The innermost sensory tunic of the eye is the
delicate white retina which extends anteriorly only to the ciliary body. ”, thinking
that the more unfamiliar or technical words there were in a sentence, the higher the
informational density. While they were able to identify simple nouns (e.g., the eye,
the white retina) and verb (e.g., is), they had trouble recognizing larger chunks of
the sentence, including complex noun phrases such as “the innermost sensory tunic
of the eye” and “the delicate white retina which extends anteriorly only to the ciliary
body”. Billie expressed her unease with talking to her students about grammatical
structures, remarking

Well, English could be very helpful now that I am learning about this stuff. And it’s so
funny because I tease my students. You don’t realize, oh, I’ll never do this again. And then
somewhere down the road you're like, if I only had paid attention to English. (Informal
Conversation)

We led the teachers in completing several exercises involving deconstructing and
building complex noun phrases (Fang, 2010) so that they could understand how
information is packed into a long noun phrase. For example, we showed the teachers
that “the innermost sensory tunic of the eye” contains a head (funic), which is
premodified by a determiner (the), an epithet (innermost), and a classifier (sensory),
and postmodified by a prepositional phrase (of the eye).

Despite our efforts, the teachers’ lack of confidence in unpacking noun phrases
persisted. They noted that while density was “not necessarily a difficult topic”,
breaking sentences and phrases down into their constituents “has been the hardest
thing”. As Casey confessed,

I think one of the challenges that I faced had to do with, again, not feeling as comfortable
with the English component of it. For example, when we were doing the sentence combining
or we actually did it the other way, too, where they actually wrote the sentences down and
there were just some of the terms for the different parts of a sentence, the clause and such
that I might not have remembered. I think that was one of the challenges. (Final Interview)

Like Casey, other teachers also expressed their concerns about having enough
grammatical knowledge to effectively teach students to tackle density in science
language. Toward the end of the PD experience, Brad and Billie felt that decon-
structing dense sentences and phrases was, although important, “completely out of
my comfort range”.
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4.4.2.4 Genres

There are six major genres, or text types, in school science: procedure, procedural
recount, explanation, report, exposition, and discussion (Fang, 2010). Each of these
genres has its own organizational structures and linguistic features that realize the
purpose of the genre. Compared to abstraction and density, genre was a relatively
easier concept to grasp for the science teachers. During the initial introduction to
the topic, the teachers reviewed a matrix from Fang (2010, pp. 106-107) that listed
different science genres and their structural and linguistic features. In subsequent PD
sessions, the teachers were asked to analyze sample science texts to determine their
genres and provide justifications based on their structural and linguistic features.
They were able to identify and justify the genres of procedure, recount, report, and
explanation, but felt unsure about how to differentiate between discussion and expo-
sition. They drew primarily on their prior knowledge (e.g., purpose of text) and
familiarity with text structure to justify their determination of genre types, but rarely
mentioned grammatical features specific to each genre. (See also Seah & Silver, this
volume).

Overall, the teachers found the work on genre important and useful and were
comfortable learning about the concept. They indicated they were willing to try to
incorporate it in their teaching. Brad commented:

I really like genres. ... it’s important to teach kids what something is saying or the type of
writing that it is and the different styles that you see. And they should be able to — you know,
if they can identify it, it would probably help them understand it a lot better. (Final Interview)

Patsy also indicated that she found the information about genre useful for working
with her biology students, especially when they were working on their science fair
projects. In her own words,

When I started looking at the genres, I thought, ‘This has science fair all over it.” And the
fact that I could help my students’ understanding by having a better concept and better grasp
of genres became apparent to me once I saw how many were used. (Final Interview).

4.4.3 Teaching Science Language

Throughout the PD, the science teachers expressed a strong desire to try out the
four concepts discussed—technicality, abstraction, density, and genre. Because their
understanding and comfort level varied with each of the concepts, they experienced
different degrees of success and satisfaction in their endeavors. As a whole, the
teachers seemed to experience more success and satisfaction when teaching concepts
they knew relatively well and were comfortable with, but more anxiety/frustration
and less success when teaching concepts with which they were less familiar and that
required stronger grammatical knowledge.
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4.4.3.1 Technicality

Of the four concepts, technicality was the most familiar to the teachers. They cited
level of comfort, proximity to the strategies they had already been using, and prior
knowledge about the importance of technical vocabulary to comprehension as reasons
they would use strategies that addressed technicality in science reading. For example,
Bette commented, “I knew that vocabulary was huge in science, so that’s just some-
thing I used to always work with my students on just because I know it’s so impor-
tant from my medical terminology class and just experience before, as a student”
(Mid-Term Interview).

Because of the familiarity, the teachers had little trouble envisioning how the
strategies discussed in the PD could be a part of their teaching routines. Brad shared
how he planned on addressing technicality in his teaching: “I like breaking down the
word and doing the suffixes, the roots, and the prefixes; and I think in my journals
next year, everyday is going to include breaking down a word from the chapter to
help kids understand the vocabulary” (MT-MB-5).

Evidence from observations and interviews showed that the teachers used three of
the strategies they had learned from the PD to address technicality in their classrooms:
morphemic analysis, concept maps, and vocabulary think charts (Fang, 2010, pp. 52—
59). For example, Patsy used the vocabulary think chart to introduce vestigial organ
to her biology class. She began by putting a copy of the think chart on the overhead
and reviewing the process of using the strategy. She then asked students to choose
a word for analysis from their reading. One student picked the term vestigial organ.
Patsy wrote it on board as the target vocabulary and engaged the class in analysis by
reading through each probing question on the think chart.

Students started by identifying the word organ, noting that it means a collection
of similar tissues within the body. Then, they examined vestigial. They identified
—ial to be the morpheme that changed a root word into an adjective; so they assumed
the root word must be close to vest or vestige. One student opened a dictionary and
found that the word vestige means “a small amount”.

Next, students brainstormed words that came to mind when they looked at the word
parts in vestigial organ. They generated the following list: footprints, imprints, organ
donor, and carbon footprint. While talking about these words, students connected
real-life stories to their ideas, discussing people they knew who had organ transplants
or why they thought the idea of a carbon footprint was connected to the concept of
a small amount, which relates to vestige.

Subsequently, students examined the term in context. One student read, “The
organs of many animals are so reduced in size that they are just vestiges, or traces, of
homologous organs in other species. These vestigial organs may resemble miniature
legs, tails, or other structures”. Patsy then led the students to paraphrase a definition,
writing on the think chart “the mark of something that once existed”.

Finally, students used the term vestigial organ in a sentence from science. One
student remarked, “A theory exists that whale’s legs have become vestigial organs.”.
Another student shouted, “Animals can exist without vestigial organs.”. A third
student said, “The appendix is a vestigial organ because we do not need it to live.”.
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In closing, Pasty asked students to relate the term to a larger scientific concept, and
they responded with this list: evolution, Darwin, adaptation, survival of the fittest,
natural selection, and modifications.

4.4.3.2 Abstraction

The teachers believed it was important to address abstraction in science reading,
despite their struggle with the concept. Brad, for example, shared in a PD session
how he talked about abstraction with his students, saying,

You know when they [authors] say cutting down trees and deforestation, they mean the same
thing. Now I notice that and I can call it to students’ attention when we are reading. I can
ask them how they can say a word like deforestation or journey in another way. (PD Session
#5)

Despite this belief, most teachers struggled in their attempts to design and deliver
reading lessons that address abstraction. They focused on the lexical structure of
a nominalization (e.g., changing a verb or an adjective to a noun) rather than the
discursive functions of nominalization (e.g., condensing information, establishing
technical taxonomy, creating discursive flow). Moreover, they designed sentence
completion exercises without fully understanding the purpose of these exercises. As
a result, their exercises resembled traditional cloze tasks or fill-in-the-blank items,
failing to address the challenge of abstraction.

For example, Lisa developed a lesson requiring students to change abstract nouns
into their verb/adjective forms, or vice versa. She wrote this brief passage on the
overhead—The shark consumes the food. This consumption of the shark involves
eating seals and other marine animals.—and asked students to locate words that
were morphologically related. After students identified consume and consumption,
she commented on how scientists change ‘action’ words into ‘thing” words. She called
attention to the word endings, explaining how adding -tion to consume changes the
word from a verb to a noun. Next, she gave students a list of words (e.g., absorb,
reflect, discover) and directed them to change these words into nouns. Students
completed the worksheet in pairs.

Bette appeared to demonstrate a stronger understanding of how abstraction was
used in science writing. When her biology class was studying population growth,
she read a passage from the textbook (below) and called students’ attention to the
relationship, asking them to identify what the phrase refers to and what it does to the
development of ideas in the text.

Sea otters are important members of the kelp forest community of America’s Pacific North-
west coast. This “forest” is made up of algae called giant kelp, with stalks up to 30 meters
long, and smaller types of kelp. The kelp forest provides a habitat for a variety of animals.
Sea otters need a lot of energy to stay warm in the cold water, so they eat large quantities of
their favorite food: sea urchins. Sea urchins in turn feed on kelp. The relationship along this
food chain set the stage for a classic tale of population growth and decline.
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4.4.3.3 Density

The teachers likewise struggled to integrate the concept of density in their teaching.
They had a difficult time identifying long, complex noun phrases in their textbooks.
They relied primarily on our support in planning and delivering lessons that addressed
density in science texts. For example, Billie felt that many of the sentences in her
textbook were simplified. She met with us to go over some sample passages and
determined that she needed to use another textbook to look for better examples of
sentences with complex noun phrases. Mona had a similar feeling about her physical
science textbook. She was concerned that the textbook writers did not use enough
‘real’ science language in their attempts to make text easier for students to read. She
gave the following sentence from a textbook as an example:

How many different ways have you used energy today? Today, Coral and Buster used a hair
dryer or a toaster. If you did, you used energy. Furnaces and stoves use thermal energy to
heat buildings and cook.

One solution for the teachers who perceived that their textbooks did not have
enough examples of dense sentences was to locate alternative reading materials
(e.g., trade books, magazine articles). Because Mona and Billie both taught the same
physical science course, they agreed to work together to find some examples to
supplement their textbooks.

Another solution we recommended was to look for definitions in the text, as defi-
nitions in science (e.g., Fossil fuels are the energy-rich substances formed from
the remains of once-living organisms.) typically contain long noun phrases that
pack dense information (Fang, 2021). However, even with definitions, the teachers
continued to struggle with identifying complex noun phrases, especially when these
phrases were placed in the object (as opposed to the subject) position of a sentence.
They were able to pick out simple nouns (e.g., substances, the remains, organisms),
but often did not see how these were strung together to form an expanded noun phrase
that contains a head with a series of pre- and post-modifiers. As a result, we ended
up co-planning and co-teaching many lessons on density with the teachers, helping
them search for complex noun phrases, deconstruct these noun phrases, and model
coping strategies.

The teachers seemed to consider paraphrasing and sentence combining (Fang,
2010) as useful strategies for addressing density. In paraphrasing, students repack-
aged the information presented in complex noun phrases and dense sentences in a
way that is easier for others to understand. In sentence combining, students integrate
two or more simple sentences into one sentence featuring complex noun phrases.
They saw these strategies as ways to help students reword dense sentences for better
understanding and to write dense sentences that sound more scientific or academic.
The teachers reported active student engagement with the sentence combining task,
noting that a similar task was also being used in some English Language Arts classes.

Despite our modeling and their willingness to try, most teachers were still not
confident in their ability to teach density on their own. Brad and Bette, for example,
reported that they tried out several lessons, but did not feel it was making an impact
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on their students. They hoped to be able to address density next year after more
practice.

4.4.3.4 Genre

During the PD sessions, the teachers were introduced to the genre teaching—learning
cycle (Derewianka, 1990; Fang, 2010), a heuristic for teaching writing/reading that
consists of four phases: preparation, modeling, joint construction, and independent
construction. During the preparation phase, the teacher selects appropriate mate-
rials related to the focal concept(s) in the curriculum and immerses students in
reading these materials. In the modeling phase, the teacher introduces a text model
of the target genre and engages students in explicit discussion of the genre in terms
of its social purpose, schematic structure, and lexico-grammatical features. In the
joint construction phase, the teacher engages students in writing the target genre
through collaboration with peers. In the final phase, students write the target genre
independently.

In implementing the genre teaching—learning cycle, one key concern shared by
the teachers was time. They worried about the amount of time it would take to
teach students to write each genre. They also worried about their expertise in genre
instruction because they did not see themselves as literacy teachers. As Lisa put it,

... and back to what you were discussing with modeling, I hadn’t heard of this, not being a
reading teacher and so getting into modeling in the classroom with the reading strategies to
help them — I’m very happy with this, but I'm gonna have to stretch my muscles a good bit
to work on some strategies that will work in marine science to do this kind of thing. We’re
doing teaching reading and we’re teaching science and you can still do both, but it requires
a huge, greater amount of effort in one sense to go back and learn all the modeling strategies
‘cause we’re not English teachers. (PD Session #7)

Even though they were concerned about time and their own expertise, they still
tried to think of ways they could bring the notion of genre into their classrooms
because they saw value in engaging students in learning the genres of science. Bette
summarized her feelings about the genre work this way:

I think that again, this teaching cycle of, you know, the immersion in the different types of
genres and the attention to talking about the different, you know, text structures and social
purposes and then allowing them to kind of jointly and then independently construct is a
powerful model. I think it would take some dedication and some thought, but I think that
it’s — I think there’s a lot of potential there. (Final Interview)

Another issue the teachers raised in their implementation of the genre teaching—
learning cycle was whether to introduce one genre at a time or all of the science
genres at once. Casey and Lisa indicated they would do one genre at a time to ensure
mastery before moving on to the next genre. They focused on the procedure genre
because their students were doing a lot of laboratory work in class then and needed to
follow procedures. Brad, Mona, and Bette, on the other hand, preferred to introduce
all six genres at once because they felt students would do better to see all of the
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genres and to recognize them across the readings that were used in the classroom.
Mona, for example, introduced the genre teaching—learning cycle by telling students
“I want to prepare you to read all kinds of science.”. She found 25 different articles
from various sources and had each student read and analyze one of the articles for
its structural and grammatical features.

4.5 Discussion

During the seven-month PD experience, the science teachers developed a basic sense
of the specialized features of science language, though they felt more comfortable
with technicality and genre than with abstraction and density. They also became more
aware of how/why science language poses a challenge to students and felt better
prepared to support their students in science reading. Because of the differences
in their prior knowledge, experiences, beliefs, motivations, and teaching goals, the
teachers demonstrated different degrees of understanding about science language
and of success and satisfaction in integrating it into their teaching.

These findings are largely consistent with what previous research has suggested
about the challenges of helping teachers develop linguistic expertise for disci-
plinary literacy instruction (e.g., Fang et al., 2008, 2014). Science teachers were
interested in but apprehensive about learning to teach language/literacy in their
classrooms; and with support, they were capable of implementing, to varying
degrees of success, language/literacy strategies to advance their disciplinary goals.
Their success in integrating language/literacy with science depends on not only
personal factors (e.g., conception of science, grammatical knowledge, prior training,
past learning experience, motivation) but also contextual factors (e.g., school
culture, classroom realities, opportunities to learn/share/reflect, level of support from
experts/peers/administrators).

With respect to our study, a multitude of factors influenced the ways the seven
science teachers learned about science language/reading and applied what they were
learning to classroom teaching. We theorize the complexity of their learning in
Fig. 4.1. This grounded theory model of how secondary science teachers learned
to teach science language/reading consists of three systems of influencing factors,
each represented in a big circle—the school culture, the individual, and professional
development. The elements within and across the three systems interacted in complex
ways to determine the degree of success and satisfaction each teacher experienced
during the learning process. At the intersections of these three systems is the opportu-
nity to talk, which emerged as the core factor that appeared to account for the greatest
influence on the degree to which the teachers experienced success and satisfaction
in learning to teach science reading through a functional focus on language. Each
system of influencing factors can exist independently or in interaction with the others;
therefore, the circles are represented both independently and intertwined. However,
it is through the interaction of the systems that the opportunity to talk—that is, time
for candid discussion, sharing, and reflection among members of a teaching—learning
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community—is created and in turn the process of learning is impacted. We unpack
key factors that impact our teachers’ learning below.

One factor that made a positive contribution to the teachers’ learning and engage-
ment was their willingness to learn. All seven teachers believed in the importance
of language/literacy to science and were motivated to learn about science language
in order to better help their students read/write science texts. While they continued
to see themselves as science teachers, they recognized the need to engage with
language/reading and were willing to take up a task traditionally thought to be English

SCHOOL CULTURE

Administrative support,
Collaborative climate within and across
departments, Reward structure, Curricular
mandates, Time and budget for
professional learning and growth

CLASSROOM
Opportunity to
PRACTICE

Students’ motivation, language proficiency, and
reading/writing skills; Unit and lesson objectives;
Common metalanguage for discussing text and
meaning; Time for integration; Instructional resources

Opportunity to Talk

INDIVIDUAL PROFESSIONAL

Opportunity to DEVELOPMENT
EXAMINE Opportunity to
Beliefs about the role of language in science, LEARN

Attitude toward language and literacy learning,
Knowledge about English grammar,
Understanding of the language demands of
disciplinary learning, Prior training, Past teaching
experience, Past learning history, Instructional
goals, Motivation to learn and try out new ideas

Expert knowledge about language and language-
based pedagogy; Facilitator presence; Focused,
personalized, flexible, and long term; On-going
support from experts and peers; Opportunity to
share and reflect

Fig. 4.1 Grounded theory model of teacher learning about science language/reading
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teachers’ responsibility. They were eager to learn new information and implement
new ideas in their classrooms. Even when the PD was over, they expressed a desire
to continue learning, sharing, and trying out new ideas and strategies. They were also
interested in exploring ways of collaborating with other members in their department
so that they could disseminate the knowledge they had gained through the PD. This
finding suggests that the science teachers were keen to understand how to address
the language and literacy needs of their students. It challenges popular depictions of
content area teachers as disinterested in or even resistant to literacy learning (c.f.,
Moje, 2008) and support the recommendation that teacher educators reframe how
they view the willingness of secondary teachers to learn about disciplinary literacy
practices (Siebert & Draper, 2008).

Another factor that likely facilitated the teachers’ language/literacy learning is
the support they received through the PD experience. Our PD fostered a learning
community in which peer collaboration and candid conversation were encouraged.
The teachers seemed to be particularly appreciative of the opportunity to talk about
their learning and their practice during the PD meetings. They valued the time to
listen to one another sharing ideas and reflecting on what they were learning and
practicing. They enjoyed the time they spent together to plan lessons and to tell
stories about their implementation of new ideas and strategies. The opportunity to
talk with and listen to peers also built the teachers’ confidence, making them less
fearful of failure and more willing to take risks. This contributed to their feeling
comfortable experimenting with new ideas, which in turn increased their confidence
to practice what they were learning in their own classrooms. It showed the benefits
of creating learning spaces where teachers felt safe to talk about and try out new
practices.

In addition to the support during the PD meetings, we also provided support
to the teachers when they were in ‘the trenches’. On a regular basis, we observed
the teachers in their classrooms and sometimes assisted with teaching, providing
feedback and encouragement. We were flexible with our role as facilitator in their
classrooms. For example, whereas Brad and Bette liked us to come and do demon-
stration lessons in their classrooms, Lisa preferred that we observed her in a more
traditional manner. Patsy, on the other hand, liked to consult with us during the lesson.
She would lead the lesson, with us sitting in the back of the classroom watching. She
would often ask us to elaborate on or demonstrate how to use a particular strategy
when she felt stuck. In short, the teachers had individual responses to the level of
support they required or wanted when attempting to integrate new ideas or strategies
into their teaching.

Another accommodation we made in our role as facilitator was to allow each
teacher to decide what to integrate and how to integrate based on what they were
learning from the PD. The teachers sometimes struggled to find ways to integrate
what they were learning with the curriculum they were using. Even though they
were learning about science language/reading during the PD, thinking about how to
use the newly acquired knowledge in their classroom teaching presented a new set
of challenges. To address the implementation challenges, we met with the teachers
individually to help them find connections between what they were learning in the
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PD and what they were teaching in their curriculum and suggested ideas for making
the integration. These one-on-one meetings eased the teachers’ anxiety and made the
task of integration less intimidating.

Two other aspects of our PD program likely helped increase the teachers’ buy-in
and sustain their interest and engagement. One has to do with the PD content. The
teachers valued the discipline-specific information we provided, noting the benefits
of being able to focus on just science language/reading rather than content area
literacy more broadly. They reported that having access to expert knowledge and
flexible scaffolding helped them see the important roles language plays in shaping
knowledge and influenced their buy-in to the ideas presented in the PD sessions (cf.
Fang et al., 2008). The second aspect about our PD program is that the teachers were
all from the same content area working in the same school. This helped create a close-
knit community where learning and application co-occurred and that promoted the
concurrent construction of what Cochran-Smith and Lytle (1999) referred to as three
essential and interrelated dimensions of professional knowledge about teaching and
learning—that is, knowledge-for-practice (e.g., knowledge imparted by instructor
and textbook), knowledge-in-practice (e.g., knowledge gained through reflection
about and critique of one’s own experience in the field), and knowledge-of-practice
(e.g., knowledge gained through deliberate inquiry).

The school climate also had an impact on the teachers’ commitment to learning.
The seven science teachers were part of a school where continuous professional devel-
opment was valued and actively promoted, as evidenced in the various department-
wide study groups that had already been established prior to our project. In addi-
tion, the school principal showed her support for our project by visiting the science
teachers’ department meeting and encouraging them to participate in our PD project.

Besides the school climate, the classroom environment played an important role
in the teachers’ learning. The science teachers’ commitment to the PD resulted in
part from the needs they saw in their students to improve science reading. They were
concerned about their students’ lack of motivation and/or proficiency to read science.
The teachers’ commitment to the PD was likely also influenced by their perception
of the PD’s impact on student learning (c.f., Guskey, 2002). They reported that when
their students were engaged and successful with a new strategy they introduced, it
helped them see how a focus on language in science could support their students’
science reading, writing, and learning. This, in turn, reinforced their dedication to
the PD project.

Despite their motivation and willingness to participate in our PD, the science
teachers did face some significant challenges in their learning about science
language/reading and in applying what they were learning to their teaching prac-
tice. Chief among these challenges is the teachers’ scant knowledge about the
English grammar—its systems, forms, and functions—and the resulting lack of a
linguistic metalanguage that is essential for engaging students in productive talks
about language/text and meaning. Although the teachers were aware that language is
abarrier to science reading, their understanding of the challenge was initially confined
to scientific terminology. They had considerable difficulty identifying language
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patterns beyond the word level, struggling in particular with learning to teach abstrac-
tion and density, two concepts that involve understanding of language at the phrase
and discourse levels. They also tended to focus on linguistic forms but neglect their
discursive functions when teaching language in science.

Another factor that inhibited the teachers’ learning was time. They found it chal-
lenging to add language/literacy instruction to their already packed curriculum. They
felt that more time would have helped them feel more successful in their planning and
implementation. They said they needed more structured time to plan lessons with the
support of their fellow teachers and the facilitator to make appropriate connections
between the new ideas and their existing curricula. They wanted more time to talk
and share with their peers during the PD about what they were learning and how they
were applying their new knowledge in their classrooms. They expressed a willing-
ness/eagerness to stay for at least an extra hour during each PD session. They also
wanted more time for feedback and support during their classroom implementation,
noting that more time to practice in the classroom and receive feedback from peers
would have helped them to continue using what they were learning in their teaching.

4.6 Conclusion

Science is “a unique mix of inquiry and argument” (Yore et al., 2004, p. 347).
Language plays an essential role in construing and shaping science knowledge
and argument. An understanding of science language is, thus, critical to supporting
students in developing science literacy. Science teachers are best positioned to under-
take this work because of their content expertise (Fang, 2014). However, they need
considerable support in developing the linguistic expertise—i.e., knowledge about
the forms, structures, logic, functions, and meanings of lexico-grammatical choices
and familiarity with a linguistic metalanguage for engaging students in productive
conversations about text (Fang, 2020)—that will help them better understand what it
is that makes science texts challenging to read for students and explicate to students
how language choices make meaning in science. Such support can be provided
through professional development programs. To be effective, these programs need
to be long term, discipline specific, focused, and flexible. They also need to provide
ample opportunities for discussion and sharing and for connecting learning with
teaching. Furthermore, they need to recognize and respond to the many individual
and contextual variables that facilitate or inhibit the development of knowledge for,
in, and of practice. Only until then can we truly empower teachers to make positive
changes and improve student learning.
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