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ABSTRACT
Secondary students with learning disabilities are likely to learn
science in an inclusive classroom. Their success often depends on
teachers’ ability to support their literacy needs. In this quasi-
experimental study, we examine the effect of teacher’ involvement
in intensive professional development designed to deepen secondary
science teachers’ knowledge of evidence-based morphological
awareness practices and implementation of evidence-based morpho-
logical awareness instruction, and to improve students’ science voca-
bulary knowledge. Teachers (n = 6) increased their knowledge of
evidence-based morphological awareness practices and use of evi-
dence-based morphological awareness instruction. Furthermore, their
students’ (n = 55) knowledge of science vocabulary improved. We
provide recommendations for future research, and discuss implica-
tions for the way districts and teacher educators design professional
development and for improving the accessibility of science content.
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Introduction

In spite of the goal of creating national science standards that all students can access
(National Research Council, 2012; NGSS Lead States, 2013), students with disabilities’ test
scores in science lag behind their peers without disabilities (National Assessment of
Educational Progress, 2015). This puts students with disabilities at heightened risk for
not completing high school and as a consequence, we see students with disabilities less
likely to graduate with a regular diploma than their typically developing peers (National
Center for Special Education Research, n.d.). For example, 70.8% of students with learning
disabilities (LD) graduate with a regular diploma while the national average is 80.4%
(Horowitz, Rawe, & Whittaker, 2017). Thus, students with LD pursue and complete
postsecondary education at a lower rate than the general population (Newman et al.,
2011). This problem is especially present in degree programs related to the sciences
(National Science Foundation, 2017). Identifying challenges students with LD face and
how science teachers can help address these challenges is essential to improving accessi-
bility in science classrooms and improving outcomes for students with LD.
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Vocabulary instruction and science classrooms

One factor that contributes to a weaker performance in science for students with LD may
be that those students often have deficits in vocabulary (Jitendra, Edwards, Sacks, &
Jacobson, 2004). This is challenging in science classrooms, were the vocabulary is espe-
cially complex. Vocabulary in science goes beyond just the words bolded in science
textbooks, it includes both words that represent important concepts (e.g. mass), as well
as words that represent scientific processes (e.g. observation). These scientific concepts
and processes are described through difficult vocabulary, much of which use Latin and
Greek roots and combined forms (Lee & Spratley, 2010; Yore & Shymansky, 1991). Words
used in science may have one meaning in everyday conversation and different and highly
specialized meanings in science (Lee & Spratley, 2010). Often, these words are new to
students (Seifert & Espin, 2012). And, while we often think of students’ knowledge of
words in the context of engaging with texts or writing, the deficits students with LD have
in vocabulary also make it challenging for students with LD to experience success in non
text-based activities in science classrooms (Therrien, Taylor, Hosp, Kaldenberg, & Gorsh,
2011). Students with LD are unlikely to succeed if they do not understand the words and
underlying concepts that facilitate meaningful participation in inquiry and other activities
(Therrien et al., 2011).

The Next Generation Science Standards (NGSS; NGSS Lead States, 2013), and the
precursor Framework for K-12 Science Education (National Research Council, 2012),
influence science education for nearly two-thirds of students in the U.S. (National
Science Teachers Association, 2014). Despite the significant challenges associated with
science vocabulary explicit vocabulary instruction is not emphasized in the NGSS. In fact,
the NGSS states, “Many vocabulary words do not explicitly appear in the standards,
because the NGSS focus on a deep understanding of the concept behind a vocabulary
word. Vocabulary can be introduced and applied, as needed, for instructional purposes”
(NGSS Lead States, 2013, “Stoichiometry”). For students who have deficits in vocabulary,
the lack of instruction in the words that represent these concepts is problematic, especially
considering students are expected throughout the standards to engage in behaviors
dependent upon their ability to read texts and to understand important concepts repre-
sented by words. In the K2 standards, for example, 1-LS1-2 requires students “Read texts
and use media to determine patterns in behavior of parents and offspring that help
offspring survive” (NGSS Lead States, 2013). In the high school standards, for example,
HS-PS4-4 requires students “Evaluate the validity and reliability of claims in published
materials of the effects that different frequencies of electromagnetic radiation have when
absorbed by matter” (NGSS Lead States, 2013). Thus, achieving the goal of helping all
students access these standards will likely require supporting students in developing the
knowledge of words and the underlying concepts using evidence-based vocabulary
instruction.

Evidence-based vocabulary instruction for students with LD

For students with LD, there is a growing body of research supporting the use of explicit
vocabulary instruction to improve students’ knowledge of words (Bryant, Goodwin,
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Bryant, & Higgins, 2003; Jitendra et al., 2004; Kuder, 2017). These evidence-based
practices include: mnemonic strategy instruction, cognitive strategy instruction, direct
instruction (Jitendra et al., 2004; Kuder, 2017), constant time delay (Jitendra et al.,
2004), and morphemic analysis (Kuder, 2017). Evidence suggests, though, that strategies
that focus on isolated word-learning alone are insufficient for students with LD as they do
not support students to transfer word knowledge to novel words (Bryant et al., 2003).
There is growing consensus that what appears more effective is explicit, systematic
instruction developing students’ morphological awareness (Kuder, 2017).

Morphemes are the smallest units of meaning in a language (i.e., prefixes, suffixes, base
words, and roots). Morphological awareness (MA) is awareness of these units of meaning.
Descriptive studies examining the relationship between MA and literacy have demon-
strated students’ knowledge of morphemes influences their ability to decode multisyllabic
words (Carlisle, 2004). MA is also key predictor of vocabulary, spelling, and comprehen-
sion skills (e.g., Carlisle, 2010; Nagy, Berninger, & Abbott, 2006). Embedding MA in
vocabulary instruction has positive reading-related outcomes. Through increasing stu-
dents’ awareness in knowledge of word parts and their orthographic patterns, MA
instruction can improve students’ comprehension, vocabulary, and spelling (Bowers,
Kirby, & Deacon, 2010; Nagy et al., 2006).

A small body of research has examined the impact of explicit MA instruction on
students with LD reading-related performance (e.g., Berninger et al., 2008; Harris,
Schumaker, & Deshler, 2011; Kuder, 2017; McCutchen, Stull, Herrera, Lotas, & Evans,
2014; Vadasy, Sanders, & Peyton, 2006). For example, in a study of MA instruction for
secondary students with LD, Harris and colleagues included 230 students, both students
with and without LD, in ninth grade. Three English teachers participated, and nine of
their classes were assigned to one of the three conditions: (a) comparison test-only group;
(b) word mapping generative vocabulary (morphology); and (c) nongenerative vocabulary
(LINCing). The results showed the morphology and LINCing groups made significant and
comparable gains in learning isolated words, and both interventions were effective in
teaching strategies to both groups. The morphology intervention, however, enabled
students with LD to identify more word parts within words, identify the meanings of
more word parts, and predict the meaning of more novel words.

Considering these findings in light of the quantity of novel words and the use of words
with Latin and Greek roots and combined forms in science vocabulary, it is imperative
secondary science teachers be prepared to teach MA to improve students’ access to science
content. MA instruction can help students develop a deeper understanding of concepts
and the words that represent them by focusing on the meaning within and across words.

Teacher preparation for teaching students with LD

Increasingly, students with LD are included in general education classrooms. In fact, 80%
of secondary students with LD learn science in inclusive general education classes (Aud
et al., 2012). Over the past two decades, a handful of studies have explored how institutes
of higher education prepare general education teachers to teach children with LD. Many
of these studies found general education preservice teachers had inadequate coursework in
special education or practicum experiences in inclusive settings (Blanton, Pugach, &
Florian, 2011).
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Studies exploring the beliefs and preparedness of content area teachers toward incor-
porating literacy instruction are equally bleak. In a review of literature, Hall (2005) found
content area teachers felt underprepared to incorporate literacy instruction into their
classes, and professional development (PD) with inservice teachers proved insufficient in
influencing instruction, especially when teachers felt they had learned generic strategies
that did not apply to their content area. Cantrell, Burns, and Callaway (2009) found
extensive PD focused on content area literacy influenced teachers’ attitudes and efficacy
toward incorporating reading instruction, views of their roles in teaching reading, and
understanding of how students learn to read. Unfortunately, even the most efficacious
teachers felt unprepared to teach literacy to students with LD. Research with science
teachers on including students with LD in their classes reflects these findings. In a study
with 250 middle school science teachers, researchers found teachers had the desire to
support students with LD in their classrooms, but did not believe they had the knowledge
or skill to teach science to students with LD (Spektor-Levy & Yifrach, 2017).

It is essential that content teachers participate in effective PD experiences to help them
implement evidence-based practices for students with LD. As science teachers have little
direction in the NGSS regarding vocabulary instruction, these teachers need PD designed
to advance their knowledge and implementation of MA practices. Effective PD has
potential to support their implementation of effective vocabulary instruction for all
students.

Designing effective professional development

Research on PD suggests providing PD focused on both knowledge and practice is most
effective at supporting teachers in improving students’ learning outcomes (Benedict,
Brownell, Griffin, Wang, & Meyers, 2016). In a review of studies that examined the impact
PD approaches have on quantitative measures of teacher knowledge, instructional prac-
tice, student achievement, and linkages between these variables, Benedict et al. (2016)
concluded that there were four features of effective PD. Below, we describe each of these
features and how our PD innovation, Project MAP, reflects this research. We also describe
the components of the PD in depth and we share the theory of change.

Features of effective professional development
The first feature of effective PD is that the PD is multi-faceted, meaning it includes
multiple components to facilitate teacher learning (e.g., Brownell et al., 2017; Connor,
Alberto, Compton, & O’Connor, 2014; Hough et al., 2013; Scher & O’Reilly, 2009). Project
MAP used a two-pronged model for PD: (a) online content modules and (b) lesson study.
The second feature of effective PD is that it provides teachers with ample time to learn
how to integrate PD content and strategies into their classroom instructional repertoires.
In a review of the literature, Yoon, Duncan, Lee, Scarloss, and Shapley (2007) found that
teachers who participated in PD that was an average of 49 h in duration, were able to
improve the academic achievement of their students by nearly 21 percentile points.
Teachers in Project MAP participated in 40.5 h to 43.5 h of PD over the course of 6
months. The third feature of effective PD is that it focuses on both subject matter content,
as well as students’ learning (e.g., Benedict et al., 2016; Cohen & Hill, 2001; Gersten,
Dimino, Jayanthi, Kim, & Santoro, 2010; McCutchen et al., 2002; McCutchen, Green,
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Abbott, & Sanders, 2009). The first prong of our PD model, online content modules
provided teachers with the content of the PD through elearning webinars, focusing
explicitly on students’ learning. We drew upon the literature on online learning practices
to identify the practices with the strongest evidence of effectiveness, including prompts for
reflection, collaboration across teachers through online discussion groups, and additional
content to enable individualization based on the teachers’ needs (Means, Toyama,
Murphy, Bakia, & Jones, 2010). Teachers were given 2 weeks to complete each model.
The fourth feature of effective PD is that it provides teachers implementation support
(Benedict et al., 2016), meaning there are structures in place to support teachers in
understanding PD content deeply and assist them in transferring new knowledge into
their classroom contexts. Structures that provide this type of support for teacher learning
include, but are not limited to, coaching, mentoring, professional networks, and lesson
study (Brownell et al., 2017; Gersten et al., 2010; Vescio, Ross, & Adams, 2008). We used
lesson study to support teachers in integrating new knowledge into their instruction, and
chose lesson study as it promotes reflection, knowledge, and evidence-based practice
(Lewis, Perry, & Murata, 2006; Saito, 2012), and supports changes in knowledge and
practice (Ylonen & Norwich, 2013).

Project MAP online content modules
Teachers received in-depth training through four interactive online content modules. The
online content modules addressed the following: (a) knowledge of students with LD as
learners; (b) knowledge of evidence-based instruction for students with LD; (c) knowledge
of morphology and MA; and (d) knowledge for evidence-based MA practices, focused
heavily on Harris et al. (2011) word mapping generative vocabulary strategy.
A supplemental model, addressing knowledge related to the structure of the English
language, was provided for teachers who indicated a need for additional support based
on their performance on an instrument designed to assess teachers’ knowledge of the
English language (Moats, 1994). As a part of these online content modules, teachers read
three articles focused on the importance of literacy in science (Norris & Phillips, 2003),
morphological awareness (Ebbers & Denton, 2008), and the word mapping generative
vocabulary strategy (Harris et al., 2011). Embedded practice opportunities, titled “Pause
and Ponder”, were inserted for teachers to reflect on and deepen their understanding of
content, collaborate with colleagues in relating skills and strategies to their classrooms,
and to reflect on their own experiences as students. For example, one “Pause and Ponder”
asked teachers to apply the new content to their current classroom context, answering:
“How do you plan to integrate morphology instruction into your daily instructional
repertoire?” Teachers then responded in an online discussion forum.

Project MAP lesson study
Prior to the first lesson study cycle, teachers met to learn about lesson study. Teachers also
established the group norms to guide interactions during lesson study. Teachers then
participated in two lesson study cycles. The first lesson study cycle took place after
Modules 1 and 2 and the second lesson study cycle took place after Module 3 and 4.
Both lesson study cycles involved five phases, modified from the phases of Lesson Study
presented in Benedict, Park, Brownell, Lauterbach, and Kiely (2013). First, the facilitator
brings the group together, reviewing the group’s norms and ensuring everyone is ready
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and prepared to begin. Second, teachers review the data collected with the students pre
measure, analyze the curriculum from their classes (i.e., text books and standards), and
review the online content models as needed. Third, teachers collaboratively develop
lessons integrating MA strategies within science content area vocabulary instruction.
Fourth, teachers teach the collaboratively developed lesson in their classrooms while the
other teachers observe. Fifth, teachers complete the lesson study cycle by engaging in
guided peer feedback discussions to reflect on and revise the lesson.

In both lesson study cycles, phase one and two were implemented similarly. Phases
three, four, and five, though, were implemented differently to address the varied content
teachers in our PD taught. In the first lesson study cycle, all six teachers worked together
to develop one lesson introducing the mapping strategy to students. One teacher volun-
teered to teach the introductory lesson while the other teachers observed in person, taking
notes. The guided peer feedback discussion and revision were done as whole group, and
teachers who had not taught the lesson that day later taught the lesson in their own
classrooms. In the second lesson study cycle teachers that taught the same class (e.g.
Physics) worked in teams to develop a lesson. Teachers then video-taped each other
teaching the lesson. Teachers then viewed the video-taped lessons in their teams engaging
in the guided peer feedback discussions and revisions.

Theory of change
This PD assumes that secondary students with LD will experience more success in science
classrooms if their teachers provide explicit MA instruction. Thus, secondary science
teachers need professional learning opportunities that are: multi-faceted in nature, exten-
sive in duration, include support for implementation, and are content focused.
Specifically, this PD effort aims at bolstering teachers’ knowledge for effective MA
instruction, students with LD as learners, and skill for effective MA instruction. To
support teachers in achieving this goal, this PD innovation couples online content
modules with collaborative lesson study planning sessions (see Figure 1) engaging in
more than 40 h of PD. Based on the research evidence in effective PD programs, it is
hypothesized that these features will help secondary science teachers deepen their knowl-
edge for evidence-based MA practices, as well as support teachers in integrating these
practices into instruction. When secondary science teachers engage in these behaviors, it is
assumed students will improve their vocabulary knowledge, and the likelihood they
experience success in the science curriculum.

Purpose and research questions

The purpose was to examine the impact of PD designed to deepen secondary science
teachers’ knowledge of evidence-based MA practices and implementation of evidence-
based MA instruction, and to improve academic achievement of their students, both with
and without disabilities. We addressed the following research questions: (a) Did teachers
participating in the PD increase their knowledge of evidence-based MA practices; (b) Did
participating in the PD increase teachers’ use of evidence-based MA instruction; and (c)
Did students with and without LD, whose teachers participated in the PD, improve their
science vocabulary?
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Materials and methods

Research setting and participants

All teacher and student participants in this project were located in one high school in a suburban
school district in the Northeast United States. All teacher participants gave informed consent,
and all students and their parents gave informed assent and consent to participate in the study.
This included the collection, use, analysis, and storage of all measures and video recorded
observations used in this study, as required by the university institutional review board. During
the year of this study, the district enrolled 1,939 students: 1.5% Black, 82.8% White, 8.7%
Hispanic, 2% Asian/Pacific Islander, .2% American Indian/Alaskan, and 4.9% two or more
races. The percentage of students in the district on free and reduced lunch was 32.3%. The
percentage of students in the district with identified disabilities was 13.1%.

Six teachers, teaching in tenth through twelfth grade, participated in this study as
a convenience sample (n = 6). Teachers taught across many different science classes,
including: biology, anatomy and physiology, chemistry, physics, environmental science,
earth and space, and geology. They also taught across different tracks, which group
students into classes by ability. The tracks included a credit recovery track for students
who had failed a previous class, a college preparatory track, an honors track, and an
advance placement track. Teachers taught six periods each day, the teacher to student ratio
in the district was 13.2:1, and between 12 and 18 students were enrolled in each of the
teachers’ classrooms. To support student learning, science teachers consulted with special
education teachers, or students with disabilities were placed in classrooms with a duel
license teacher in special education and science. Additionally, students without identified
disabilities, but identified as at risk by the special education team, received special
education supports. See Table 1 for additional teacher participant information.

Teachers were asked to identify a target classroom for the study, focusing on a class with the
most students with LD or learning difficulties. There were 84 students across the target classes,
of which 55 were included in the student sample (N = 55). Students not included in the sample
either did not give assent and/or did not received parental consent (n = 18), or missed either the
pretest and/or posttest (n = 11). Participants included in the Students with Learning Difficulties
(SLD; n = 23) group had an identified disability or had been identified as at risk. The SLD group

Table 1. Teacher participant information.
Name Teaching Role Current Classes Years Degrees

Tom Science AP Biology; AP Chemistry 14 BA Biology; MA Secondary
Education

Joshua Science CP Environmental Science; H Anatomy &
Physiology; CR Integrated Science Class

13 BA: Environmental Policy; MA:
Environmental
Science

Mike Science;
Department Head

CP Chemistry, H Physics 36 BA: General Science; MA: Physical
Science; EDS: Science Education

Norma Science; Special
Education

CP Earth & Space; CP Environmental Science;
CP Preparation Biology

8 BA: Biology; MA: Special Education

Lily Science CP Preparation Biology; H Forensic Science;
H Anatomy & Physiology

5 BA: Forensic Science; MA: Forensic
Science

Rose Science CP Earth & Space; CP Chemistry; H Geology 16 BA: Geology; MA: Secondary
Education

Note. CR = Credit Recovery; CP = College Preparation; H = Honors; AP = Advanced Placement; BA = Bachelors; MA =
Masters; EDS = Educational Specialist.
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included: 16 male and 7 female students; 11 tenth grade, 11 eleventh grade, and 1 twelfth grade
students; and students’ mean age was 16.02, ranging from 15 to 17.5 years. Participants
included in the Typically Developing Students (TDS; n = 32) group did not have an identified
disability and were not identified as at risk. The TDS group included: 19 male and 13 female
students; 11 tenth grade, 16 eleventh grade, and 5 twelfth grade students; and students’ mean
age was 16.07, ranging from 15 to 17.5 years. We included students identified as at risk in the
SLD group because they were receiving special education supports due to their learning
difficulties. Students who receive services through compensatory education but do not qualify
for the diagnosis of LD often have similar causes of their reading difficulties (Lyon et al., 2001).

Design

In this manuscript, we examine the impact of the PD using an exploratory one-group
pretest posttest quasi-experimental design. While quasi-experimental designs often have
a control group, but by definition lack randomization, one-group quasi-experimental
designs studies can be used when there is “a need to devote more resources to construct
validity or external validity; practical necessities imposed by funding, ethics, or adminis-
trators; or logistical constraints that occur when an intervention has already been fielded
before the evaluation of that intervention is designed” (Shadish, Cook, & Campbell, 2002,
p. 104). We chose a one-group design for this exploratory study, as our goals were to
ensure participants could benefit from their participation and to developed the measure-
ment necessary to accomplish this.

Measurement

The purpose of Project MAP was to deepen secondary science teachers’ knowledge of
evidence-based MA practices, increase their implementation of evidence-based MA
instruction, and to improve their students’ science vocabulary. Teachers were assessed
before and after the PD using two measures. The Teacher Knowledge Measure (TKM) was
used to assess teachers’ gains in their knowledge of evidence-based MA practices while the
Teacher Observational Tool (TOT) was used to assess gains in teachers’ implementation
of evidence-based MA instruction. Students’ gains in science vocabulary knowledge was
assessed using the Statement Verification for Secondary Science (SVSS) measure, before
and after the PD.

Teacher knowledge measure
There is no standardized measure of teachers’ knowledge of evidence-based MA practices.
As such, we developed the TKM, an open-ended 4-item survey to examine teachers’
knowledge of the MA construct, it’s importance in reading development, and teachers’
knowledge of pedagogical practices for teaching and assessing MA. For example, item 4
asks teachers “How do you teach students morphological awareness?” The types of
knowledge we focused on were based on Phelps, Weren, Croft, and Gitomer (2014)
concept of Content Knowledge for Teaching, which include Teachers’ Knowledge of the
Content and Curriculum, Knowledge of Teaching and the Content, and Knowledge of
Students and the Content. We also used Lane et al. (2008) measure of Teacher Knowledge
of Fluency as a model. Teachers’ knowledge was measured prior to participating in the PD

JOURNAL OF SCIENCE TEACHER EDUCATION 9



and after participating in the PD. Each measure was rated independently by two members
of the research team. The average of raters’ independent ratings was used as the dependent
variable. Inter Class Correlations (ICC) were used for calculating Inter Rater Reliability
(IRR), as ICC considers the magnitude of disagreement between raters and can be used for
both categorical and continuous results (Hallgren, 2012). The IRR for the TKM was 0.95.

Teacher observation tool
Teachers’ implementation of the practices taught in the PD were assessed at pretest and
posttest using a quantitative observation tool. Observations were scheduled with teachers
in advance during a time when teachers reported they would be providing instruction in
vocabulary. The research team recorded each teacher’s entire session with the targeted
student group on the day of the observation. As no preexisting observation tool measuring
teachers’ implementation of evidence-based MA instruction existed at the time of this
study, we developed the TOT. The TOT is an observation tool focused on the elements of
the mapping strategy described in Harris et al. (2011), including if the teachers’ instruction
(a) taught morphemes explicitly; (b) included a graphic organizer for the mapping
strategy; (c) involved breaking apart the morphemes; (d) involved identifying the meaning
of the morphemes; (e) involved creating the definition at the word level; (f) included
questioning the appropriateness of the created definition; and (g) involved extended
practice opportunities. Each observation was rated independently by two members of
the research team. The average of raters’ independent ratings was the dependent variable.
The Inter Observer Agreement (IOA), using ICC, was 0.90.

Statement verification for secondary science
One assumption underlying this study was that improving MA would lead to improve-
ments of students’ science vocabulary knowledge, this assumption was based on prior
research demonstrating this relationship between MA and vocabulary knowledge (Nagy
et al., 2006). No measure of secondary science vocabulary, capable of measuring of
students’ vocabulary knowledge across ninth, tenth, eleventh, and twelfth grades, across
multiple science subject areas (i.e. biology, anatomy and physiology, chemistry, physics,
environmental science, earth and space, and geology), and across different tracks (i.e.
College Preparation, Honors, and Advanced Placement) existed. As such, we developed
the Statement Verification for Secondary Science (SVSS) measure. The measure was
modeled after the Statement Verification for Science (SVS) measure of middle school
science vocabulary knowledge (Ford, 2015). Statement verification measures students’
ability to determine if a statement using a target vocabulary word is true or false, thus
testing students’ knowledge of the vocabulary word. For example, in the SVSS students are
presented with the false statement, “A systemic disease is an illness that affects one organ
rather than multiple organs.” If a student was to identify this statement as true, this would
demonstrate they do not understand the meaning of the target word “systemic.” While
other formats for measures of vocabulary are common, such as vocabulary matching
(Espin, Busch, Shin, & Kruschwitz, 2001) and sentence verification (Royer &
Cunningham, 1981) they only measure knowledge of a limited number of words, are
not sensitive to change over time, and often have ceiling effects (Ford, 2015).

We worked with the six teachers in Project MAP prior to their participating in the PD
to develop the measure. The teachers worked in subject area groups, selecting words most
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essential to students’ understanding of their area, creating true and false statements for
every word, and then sharing them with the content group to ensure everyone agreed with
the wording and the meaning conveyed. We selected one statement for each target word
included in the final measure, included target words from each subject area as well as an
equal number of true and false statements, to ensure sampling validity. In a study of the
SVSS, Lauterbach, Abbott, Ford, and Hosp (2019) administered the measure to 328
students (n = 328) in 9th through 12th grade. We found the measure had strong alternate
forms reliability (.895) and acceptable test–retest reliability (.701) for 9th through 12th

grade students, according to the standards set by the National Center on Intensive
Intervention (n.d.). We also examined predictive validity for the students in the study
who took the state standardized measure of science after taking the SVSS (n = 91), and
found when reading ability was accounted for the SVSS had strong predictive valid-
ity (.840).

Data analysis

Descriptive statistics (min, max, etc.) were calculated for all measures and are presented in
Table 2. T-tests and Signed-Ranks tests, using a p value of ≤ .05, were used to analyze
whether there were statistically significant differences across time and between groups.

Teacher measures
Teachers’ performance on the knowledge measure was assessed before and after the PD.
Their instruction was also rated before and after the PD. Given our small sample size
(n = 6), we analyze the results using the Wilcoxon Signed Rank test. The Wilcoxon Signed
Rank test prevents outliers from affecting the results in small samples by utilizing the
median instead of the mean as the measure of central tendency used for an analysis
(Gravetter & Wallnau, 2014). To determine the size of the difference, often considered the
practical impact, effect size was also calculated for the teacher measures. To determine the
effect size for a Wilcoxon Signed-Ranks test, we divide the Z by the square root of n (r)
(Pallant, 2010).

Student measure
Students were also assessed before and after the teachers participated in the PD training.
We planned to analyze the student results using paired t-tests and independent t-tests, as
we expected to have approximately 30 students in both the SLD category and the TDS

Table 2. Descriptive statistics summary.
TKM (n = 6) TOT (n = 6) SVSS (n = 55) SVSS Change

Pretest Posttest Pretest Posttest Pretest Posttest SLD (n = 23) TDS (n = 32)

Min 4.50 7.00 0.00 1.00 6.00 12.00 −15.00 −18.00
Max 8.00 11.00 2.50 7.00 64.00 76.00 39.00 47.00
Mean 6.50 8.92 0.42 5.42 32.51 48.57 9.38 20.03
Median 6.50 8.75 0.00 6.00 34.00 53.00 13.00 24.00
SD 1.26 1.32 1.02 2.20 12.08 16.22 16.20 16.81

Note. Min = minimum; Max = maximum; SD = standard deviation; TKM = Teacher Knowledge Measure; TOT = Teacher
Observation Tool; SVSS = Sentence Verification for Secondary Science; SLD = Students with Learning Difficulties; TDS =
Typically Developing Students.
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category. As the planned tests would be based on the same data and groups, we also
planned to conduct a Bonferroni correction to control family wise error rate. We con-
ducted power analyses for all planned t-tests. Power analyses indicated that the sample
sizes in this study were sufficient to detect large effects (d = .8) with 80% power using
a t-test between means with alpha at .05. Given the classroom records of students with and
without disabilities, we determined our sample would have a greater number of TDS than
SLD. With final group sizes of 23 (SLD) and 32 (TDS), we considered t-tests acceptable,
given that (a) the minimum sample size per group required per the power analyses we
conducted was 16; and that (b) studies have investigated and supported the robustness of
t-tests for small group samples, unbalanced group sizes, and non-normal distribution
samples (de Winter, 2013). We used Cohen’s d to determine effect size.

Results

Teachers knowledge measure

The TKM was administered before and after the PD. A Wilcoxon Signed-Ranks test was
used to evaluate the difference between the teachers’ ratings on the TKM before and after
participating in the PD. The results of the Wilcoxon Signed-Ranks test indicated the post-
PD results, Mdn = 8.75, were statistically significantly higher than the pre-PD results Mdn
= 6.5, Z = −2.02; p < .043 and a large effect size r = −0.64. These results support the
hypothesis that the teachers’ participation in the PD increased their knowledge of teaching
morphological instruction.

Teacher observation tool

The TOT was conducted before and after the PD. Unlike the TKM, the observation tool
was not a test but a measure of the teachers’ implementation of particular practices
teachers used while they taught the target class. Two raters observed the teachers and
rated their teaching as it related to morphological vocabulary instruction, and these
ratings were averaged. A Wilcoxon Signed-Ranks test was used to evaluate the difference
between the teachers’ ratings on the TOT before and after participating in the PD. The
results of the Wilcoxon Signed-Ranks test indicated the median post-PD results, Mdn = 6,
were statistically significantly higher than the median pre-PD results, Mdn = 0, Z = −2.20;
p < .027 and a large effect size r = −0.64. These results support the hypothesis that the
teachers’ participation in the PD increased their use of morphological vocabulary instruc-
tion in their classes.

Statement verification for secondary science

Students’ science vocabulary score was assessed before and after the PD. Students were
compared to themselves across time and to each other. On average, student scores
improved on the posttest, and TDS had a higher average gain in scores than SLD.
Analysis of the skewness and kurtosis of each of the sample groups found them to be
within what Gravetter and Wallnau (2014) consider acceptable range of ± 2 for normal
distribution. The pre-test scores had a skew of 1.05 and a kurtosis of 1.82, while the post-
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test scores had a skew of −0.24 and a kurtosis of −0.39. The groups compared using paired
t-tests were: (a) all students’ pretest and posttest results, (b) TDS pretest and posttest
results, and (b) SLD pretest and posttest results.

All paired t-tests found a significant difference between the pretest and posttest results,
with students improving in the posttest. A paired-samples t-test indicated scores for all
students were significantly higher for the posttest (M = 50.05, SD = 17.27) than for the
pretest (M = 35.04, SD = 15.71), t(54) = −5.98, p < .001, d = .81. A paired-samples t-test
indicated scores for the TDS were significantly higher for the posttest (M = 53.78, SD =
17.97) than for the pretest (M = 36.81, SD = 116.70), t(31) = −5.04 p < .001, d = .89.
A paired-samples t-test indicated scores for the SLD were significantly higher for the
posttest (M = 44.87, SD = 15.13) than for the pretest (M = 33.43, SD = 14.35), t(22) =
−3.27 p ≤ 0.004, d = .68. These results support the hypothesis that students whose teachers
participated in the PD improved their learning of science vocabulary.

Discussion

The special education research literature frequently highlights the importance of explicit
vocabulary and morphological instruction for students with learning disabilities (Bryant
et al., 2003; Jitendra et al., 2004; Kuder, 2017; Vadasy et al., 2006), but few studies have
examined ways to support secondary students with LD in the content area of science
(Kennedy, Rodgers, Romig, Lloyd, & Brownell, 2017), and no studies to our knowledge
have explored the use of effective PD to improve secondary science teachers’ practices to
teach a morphological approach to vocabulary instruction within the inclusive secondary
science classroom. Findings of this study demonstrate the potential of providing second-
ary science teachers extended PD experiences.

In this PD innovation, we aimed to deepen secondary science teachers’ knowledge of
evidence-based MA practices and implementation of evidence-based MA instruction.
Teachers participating in the PD demonstrated significantly higher post treatment scores
on knowledge of evidence-based MA practices. Teachers also demonstrated significantly
higher post treatment scores on a measure of their implementation of evidence-based MA
instruction. These results supported the hypothesis that participating in the PD increased
teachers’ knowledge of evidence-based MA practices and their implementation of evi-
dence-based MA instruction and we can conclude teachers’ knowledge and practice were
positively affected by participating in Project MAP. The second aim of Project MAP was
to improve academic achievement of students’ science vocabulary. As a group, students
whose teachers participated in the PD, including both SLD and TDS, demonstrated higher
posttest scores on SVSS measure. These results support the hypothesis that students whose
teachers participated in the PD improved their learning of science vocabulary. While our
design does not enable us to conclude there is a causal relationship between teachers’
participation and students’ improved vocabulary knowledge, this exploratory study
demonstrates promise, and warrants future research on Project MAP.

While we caution against generalizing our findings, this research may inform the ways
districts and teacher educators design the professional learning experiences of secondary
science teachers who are working to support the learning of students with LD. First,
extensive time and support may be needed for teachers to learn. Teachers in this PD
received between 40 and 43.5 h of PD. Prior researchers showed teachers participating in
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over 40 h of PD are more likely to improve student outcomes (Yoon et al., 2007). As
mentioned previously, it is likely our PD was successful in changing teacher practice
because PD design reflected research on effective PD, coupling multi-faceted approaches,
that are extensive in duration, provide implementation support, and are content focused
(Benedict et al., 2016). If PD is to affect both teacher practice and student outcomes, it
needs to reflect what we know about how teachers learn and how they implement their
learning. Traditional “sit and get” models of PD do not involve the time necessary or the
types of learning and support necessary (Benedict et al., 2016). With future research on
Project MAP, we hope to influence the professional learning experiences to which teachers
have access.

As we stated previously, achieving the goal of helping all students access science
content will likely require supporting students in developing the knowledge of words
and the underlying concepts using evidence-based vocabulary instruction for students
with LD. Like Bowers et al. (2010), we found students who received explicit instruction in
how to identify derivations in novel words increased their vocabulary knowledge. We
demonstrated we could improve students’ knowledge of words that were not the focus of
teaching through MA instruction. Harris et al. (2011) found teaching students a generative
vocabulary strategy, such as morphology and mapping, enabled students to identify more
word parts within words, identify the meanings of more word parts, and predict the
meaning of more words. It is likely teachers explicitly taught words containing word parts
that were found in target words on the SVSS, thus improving students’ ability to
determine if the statements in the SVSS containing those words were true or false.
Considering the quantity of novel words students are exposed to in science classes
(Seifert & Espin, 2012), this is an exciting finding.

MA instruction can also address many of the other challenges associated with science
vocabulary. Science vocabulary often includes words with Latin and Greek roots (Lee &
Spratley, 2010; Yore & Shymansky, 1991). Similar to research on students with LD in
other content areas, by teaching students that meaning of the morphemes in words, we
potentially improved their ability to decode and comprehend words with these mor-
phemes (Berninger et al., 2008; Harris et al., 2011; Kuder, 2017; McCutchen et al., 2014;
Vadasy et al., 2006). Vocabulary in the sciences often include words with specialized
meaning that varies from the ways same words are used in day to day conversation (Lee &
Spratley, 2010). By teaching students how meaning changes over time, use, and context,
we can show how words that are used differently in everyday life, or across two domains
of science are connected, thus MA instruction has the potential to support students to
develop deeper understanding of the concepts these words represent, a goal of the NGSS
(NGSS Lead States, 2013).

The findings of this study highlight the importance of systematic and explicit instruc-
tion in science vocabulary for students with LD. We are not the first researchers to
demonstrate the need for such instruction in science classrooms (e.g. Therrien et al.,
2011). While NGSS proposes an implicit approach to vocabulary instruction, they also
acknowledge the importance of language throughout the standards when discussing
accessibility,

Engagement in any of the scientific and engineering practices involves both scientific sense-
making and language use … Engagement in these practices is also language intensive and
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requires students to participate in classroom science discourse. Students must read, write, and
visually represent as they develop models and construct explanations. They speak and listen
as they present their ideas or engage in reasoned argumentation with others to refine their
ideas and reach shared conclusions” (NGSS Lead States, 2013, “All Students All Standards”).

In spite of the important role of language in the NGSS, the need for explicit systematic
instruction in vocabulary is overlooked. Thus, students with LD are at a substantial
disadvantage in science classrooms. Considering the importance of language and vocabu-
lary in science classrooms and the myriad of challenges associated with science vocabu-
lary, supporting teachers to use MA instruction has great promise to improve the
accessibility of science standards and improve outcomes for all students.

Limitations

There are limitations to acknowledge when considering the outcomes presented in this
article. First, the study did not include a comparison group. While our participants
demonstrated growth on the measures in the study, an unknown variable could cause
such growth. Second, the participants were not randomly selected and our sample size was
small, increasing the likelihood of Type II error. Third, the measures used to demonstrate
the innovation’s impact on teachers’ gains have not been evaluated for validity and
reliability. Finally, we did not gather information about the students’ learning profiles or
analytic data on the teachers’ engagement in the online modules. While our findings are
promising, our ability to generalize these findings is limited.

Implications

The success of students with LD in content classes, especially secondary science class-
rooms, depends on teachers’ ability to support student literacy needs in their content area
instruction. The purpose of Project MAP was to deepen secondary science teachers’
knowledge of evidence-based morphological practices and implementation of evidence-
based MA instruction and to improve achievement of all students in secondary science
classes. Although there are limitations, the findings extend and support existing research
on effective PD, and PD with content area teachers. Considering the difficulty previous
researchers have had in changing content teacher practice and beliefs through PD, a study
such as ours is a first step in the development of effective PD (Cantrell et al., 2009; Hall,
2005; Spektor-Levy & Yifrach, 2017).

Future research with Project MAP must include a more robust design, with
a larger sample, with teachers randomly assigned to treatment and control, from
schools from diverse contexts serving diverse learners, with valid and reliable mea-
sures of teacher growth, and analysis that addressed the nesting of the data. This
would enable researchers to generalize beyond this one context and this one group of
teachers and students. Furthermore, more research needs to be done to understand
the nuances of the specific science content area. Science includes many domains,
including life, earth and space, and physical science (NGSS Lead States, 2013). How
teachers in one domain or content respond to the PD may be quite different from
ones in another. Teasing apart these differences, if they exist, may help us to design
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more effective PD. Furthermore, researchers need to examine the contribution of the
online modules and the lesson study to teachers’ growth in knowledge, practice, and
student outcomes. A third potential area of research is with teachers in other content
areas beyond science. Will the PD work with teachers and students in other content
areas and other contexts? Finally, future research should include both proximal and
distal measures of student outcomes so we can examine how their teachers’ partici-
pation in Project MAP impacted the academic achievement more broadly.
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