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INTRODUCTION

In collaborative working environments, teachers have the 
potential to create the collective capacity for initiating 
and sustaining ongoing improvement in their professional 

practice so each student they serve can receive the highest 
quality of education possible” (Pugach and Johnson, 2002, 
p. 6). Given the increasing requirements and responsibilities
faced by teachers, particularly with the implementation in the
United States of the Common Core Curriculum, collaboration 
is essential. It is no longer possible for teachers to meet
the needs of students in isolation, but rather, teachers must
collaborate to help all students learn successfully.

LITERATURE REVIEW
The National Science Education Standards define enquiry as:

The diverse ways in which scientists study the natural 
world and propose explanations based on the evidence 
derived from their work. Scientific enquiry also refers to 
the activities through which students develop knowledge 
and understanding of scientific ideas, as well as an 
understanding of how scientists study the natural world 
(National Research Council, 1996, p. 23).

The Science and Engineering Practices of the Next Generation 
Science Standards (NGSS) give students opportunities to 

develop the abilities necessary to do scientific inquiry and to 
understand the nature of the scientific enquiry. It has been well 
established in the science education literature that enquiry-
based teaching promotes better learning and retention of 
content (Anderson, 2002; Davis and Krajcik, 2005; Furtak 
et al., 2008; Hickey et al., 2003). The use of enquiry-based 
instruction and focus on enquiry during planned professional 
development strongly supports constructivist learning theory 
(Jonassen, 1994; Kim, 2005; Meyer, 2009). Many current 
reform efforts are associated with the theory of constructivism, 
and following this epistemology can be useful to the practicing 
teacher (Lorsbach and Tobin, 2008).

Science educators argue that writing can promote students’ 
understanding of science concepts (Prain and Hand, 1996). 
Studies of writing during science indicate that writing can 
improve their recall of science facts and understanding of 
scientific concepts (Gunel et al., 2007; Mason and Boscolo, 
2000) and promote their understanding of scientific questions, 
claims, and evidence (Wallace et al., 2004). This work 
demonstrates that writing about science in everyday language, 
re-wording scientific ideas for different audiences (peers, 
parents, and younger children), and writing in a variety of forms 
(letters, journals, and explanations) enhances science learning.

Graham and Hebert (2011) posit that writing can not only 
increase a student’s understanding of the content being 
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written about but it can also increase the student’s reading 
comprehension as well. In this meta-analysis, they also found 
that increasing writing instruction and writing opportunities 
also increased reading comprehension, particularly for those 
who struggle with reading. Researchers who study reading 
in science have begun to advocate for a disciplinary stance 
toward teaching students to read scientific texts (Moje, 2008; 
Shanahan and Shanahan, 2008). A recent study by Shanahan 
et al. (2012) determined that mathematicians, historians, and 
chemists read texts differently. Chemists differed from those 
in other disciplines in the strategies they used to make sense 
of scientific texts. This means that science teachers must 
teach discipline-specific, rather than general purpose, reading 
comprehension strategies if they hope to help their students 
understand the content they are reading.

Universal Design for Learning (UDL) “provides a framework for 
curriculum design, instructional processes, and assessment that 
gives all students equal opportunities to learn and to demonstrate 
what they have learned” (Statewide Task Force, 2011, p. 1). It 
is a way of teaching that builds on existing initiatives such as 
reciprocal teaching, cooperative learning, and differentiation, 
by utilizing current brain research to enhance instruction for 
individual learners. UDL is referenced in numerous state and 
federal policies that guide education and is now required in 
the state of Maryland. The Higher Education Opportunity 
Act (HEOA) (United States Department of Education, 2008) 
validates UDL as a scientific framework for guiding educational 
practice. UDL has been described as the “intersection where 
all of our best initiatives – integrated units, multi-sensory 
teaching, multiple intelligences, differentiated instruction, use 
of computers in schools, performance-based assessment, and 
others – come together” (Rose et al., 2002, p. 7).

METHODOLOGY
Description of the Professional Development Program
This study’s professional development program was funded 
through a grant from the Maryland Higher Education 
Commission and the U.S. Department of Education under the 
auspices of the Teacher and Principal Training and Recruiting 
Fund Partnership Grant Program. This program, administered 
by an institution of higher education, focused directly on 
student learning and content, was aligned to current school 
and district initiatives, and supported strong collaborative 
relationships among teachers. The project provides 91 h of 
professional development activities that focus on increasing 
the teachers’ content and pedagogical knowledge related 
to effectively implementing the NGSS, with specific 
emphasis on the Science and Engineering principles and 
crosscutting concepts. This is accomplished through a 
comprehensive professional learning sequence beginning 
with an understanding of the rationale and major shifts of the 
NGSS overall and then focusing on the specific principles and 
concepts. In addition, teachers received training on the use of 
UDL, integrating the Common Core ELA (English Language 
Arts) literacy standards in science, and serving as teacher 

leaders. The goals of the professional development program 
were that participating teachers would:
•	 Gain the content knowledge and understanding required 

to implement effectively the NGSS;
•	 Develop the pedagogical knowledge required to 

implement effectively the NGSS;
•	 Improve their knowledge and understanding of how to 

implement effectively the Common Core ELA literacy 
standards into science; and,

•	 Apply the principles of UDL in their lesson planning and 
teaching.

After an initial orientation meeting, participants completed 
a series of workshops in spring 2015  (45  h). During these 
workshops, teachers spent time interacting with and developing 
a deeper understanding of each of the NGSS practices and 
crosscutting concepts. Each session focused on one NGSS 
practice and one crosscutting concept. Participants evaluated 
the purpose and the theory behind each practice and crosscutting 
concept and analyzed the increasing complexity of each 
practice and crosscutting concept across the different grade 
bands. Participants engaged in multiple content-related tasks 
and activities that modeled the implementation of the practice 
and crosscutting concept in the middle school classroom. 
Throughout each session, participants were continuously 
asked to recognize the interrelatedness among the content, the 
practices, and the crosscutting concepts. At the conclusion of 
each session, participants applied their understanding of the 
practice and crosscutting concept to their specific grade-level 
curricula by either developing or modifying a lesson they could 
teach in their classrooms.

In addition, instructional content coaches demonstrated 
strategies that could be used for promoting reading and 
writing in science. Teachers then examined effective ways 
of promoting disciplinary reading and writing aligned to the 
NGSS and integrated these strategies into their curricula for 
the fall. Participating teachers also became more comfortable 
in the use of UDL and had multiple opportunities to apply 
UDL in their lessons during the summer and fall activities.

Next, teachers attended a summer workshop (25 h) focused 
on applying the NGSS Science and Engineering principles 
and crosscutting concepts in their curricula for the upcoming 
school year. During the workshop, participants were given the 
opportunity to work within grade-level teams to analyze the 
curricula that would be taught in the fall. Participants were 
asked to select two or three practices and crosscutting concepts 
on which to focus for the upcoming academic year. Participants 
then mapped out and developed a plan for implementation of 
the practices and crosscutting concepts into their identified 
unit of instruction. Once these tasks were accomplished, 
participants developed one pre-assessment and one summative 
assessment along with a scoring tool to be used for monitoring 
and measuring student growth. In the end, they were able to 
obtain critical feedback on their developed lesson plans from 
their instructional coaches and peers.
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During the fall and upcoming spring, teachers participated 
in follow-up activities including site-visits, focus groups, 
lesson studies, observations, and a final colloquium, resulting 
in an additional 21 follow-up h. The follow-up sessions were 
designed to provide additional professional development 
on pedagogy and best practices that support the NGSS 
initiative and overall student success in science. Topics for 
the sessions included brain-based learning, growth mindset, 
alternative assessment, and teachers as leaders. Participants 
showcased student successes as well as their own personal 
and professional experiences of professional development 
during the colloquium.

Participants
While twenty-five teachers completed the pre-assessments, 
three teachers decided to withdraw from the project 
before the first session. Because the pre-assessments 
were anonymous, their data were included in the study. 
Ultimately, twenty-two teachers from 14 different 
schools participated in the project. They taught a range 
of grade levels with one teaching in 5th grade, 15 teaching 
6th–8th  grade, and six teaching 9th–12th  grade. All twenty-
two teachers had certification in science and four had an 
additional certification in special education. In addition, 
ten teachers held Advanced Professional Certifications, two 
held their administration certification, two held conditional 
or provisional certification, one was a highly qualified 
paraeducator (but had science certification in another state), 
and four were considered new teachers.

Evaluation
Guskey’s (2002) model suggests that professional 
development results in sustained change based on teachers’ 
witnessing evidence of successful implementation of 
practices in the classroom. Only after teachers observe 
evidence of success are, they likely to change their beliefs and 
attitudes about newly learned practices. This contrasts with 
traditional models which assume professional development 
produces a change in teachers’ beliefs and attitudes, which 
then increase the likelihood teachers will try out new learning 
in the classroom. In alignment with Guskey, overall teacher 
attitudes and beliefs were assessed after teachers had time to 
implement learning from their participation in the spring and 
summer programs. In addition, evidence of teacher learning 
and changes in practice were collected in the classroom 

through classroom observation and lesson studies during 
the year.

Two other elements of the professional development 
experience (practice during the school year and coaching) 
are consistent with Guskey’s assertions that teacher change is 
slow and gradual and requires ongoing support. The evaluation 
plan collected data both in the short-term (following each 
workshop and follow-up meeting) and long-term (at the end 
of the project) to allow teacher change to unfold gradually and 
to provide support over time.

The plan considered multiple knowledge and skill areas, 
the longitudinal framework over which the professional 
development unfolded, and uses a mix of both quantitative 
and qualitative methodologies to evaluate the needs for, and 
impact of, this PD program. Data sources used to evaluate 
the effectiveness of the PD, and overall changes in teacher 
knowledge and practice included session feedback, site-based 
observations, lesson plan materials, and surveys.

FINDINGS
Professional Development Sessions
At the first spring workshop, a pre-assessment of participants’ 
knowledge of the NGSS Science and Engineering Practices 
was collected. The assessment asked participants to identify 
and describe the eight practices. At the final spring workshop, 
a post-assessment was administered. Knowledge about each of 
the NGSS Science and Engineering Practices increased from 
their baseline levels, as shown in Table 1.

A pre-assessment of participants’ knowledge of the NGSS 
Crosscutting Concepts was also collected at the first workshop. 
The assessment asked participants to identify and describe the 
seven crosscutting concepts. At the final Spring Workshop, a 
post-assessment was administered. Knowledge about each 
of the NGSS Crosscutting Concepts increased from baseline 
levels, as shown in Table 2.

At the conclusion of each professional development session, 
participants were asked to rate how often they would be able 
to use what they had learned in their teaching. Overall, 54% of 
participants said they would use what they had learned “very 
often,” 37% said they would use it “often,” 8% said they would 
use is “sometimes,” and 2% indicated they would “rarely” use 

Table 1: Pre‑  and post‑assessment data for NGSS Science and Engineering Practices

NGSS Science and Engineering Practices Pre (25) Percentage Post (21) Percentage Increase over baseline (%)
Asking questions and defining problems 6 24 18 86 62
Developing and using models 11 44 19 90 43
Planning and carrying out investigations 7 25 13 62 37
Analyzing and interpreting data 8 32 17 81 49
Using mathematics and computational thinking 5 20 15 71 51
Developing expectations and designing solutions 3 12 9 43 31
Engaging in argument from evidence 5 20 15 71 51
Obtaining, evaluating, and communicating information 2 8 15 71 63
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that they had learned. When asked what they found beneficial 
about the sessions, some responses included:
•	 “Designing labs”
•	 “Observing and making decisions about how to control 

the outcome”
•	 “Collaboration – I am learning so much just from talking 

and working with other teachers”
•	 “Time to contemplate teaching of crosscutting concepts 

with other teachers”
•	 “Discussing crosscutting concepts three and four – it 

helped to hear others’ thoughts on how to apply it in the 
class”

•	 “Learning there is a difference between writing to learn 
science and learning to write science”

•	 “Ideas for teaching arguments”
•	 “UDL information”
•	 “Practice teaching lab like a student would practice 

generating questions”.

For the summer workshop, the overall feedback was positive 
(Table  3). A  sample of the qualitative feedback from the 
summer sessions identifies what teachers found most helpful:
•	 “Becoming familiar with the concepts and practices 

of NGSS, the Common Core Reading and Writing 
expectations, and UDL practices the reading and writing 
in science strategies, the guest speakers ***The ability 
to work with teachers from other schools and collaborate 
together”

•	 “Extremely beneficial in giving me the opportunity to 
learn new strategies to improve student learning. It has 
also given me the opportunity to work with other teachers 
to make quality learning experiences for my students. 
Having designated time to work and improve on what 
we will be teaching in the fall has been so beneficial to 
me!”

•	 “Time to work with group members on modifying lessons 
to meet NGSS and Common Core Reading and Writing 
Standards were very beneficial. It was a good use of time 
to collaborate with other teachers from other schools as 
well. As a special educator, it was helpful for me and the 
group to take time to really think about all the students 
and what they will need to be successful.”

Site-based Observations
Participants worked in groups to develop unit and lesson plans 
to implement the NGSS effectively. Teachers were observed 
implementing these lessons in the fall and again in the spring. 
Data showing the percentage of participants who included 
the indicated NGSS Science and Engineering Practices and 
Crosscutting Concepts into their lessons appear, as shown in 
Tables 4 and 5.

Participants also received training on integrating the Common 
Core ELA literacy standards during the Spring Workshops. 
During the Summer Workshop, teachers were instructed and 
given support to integrate the Common Core ELA standards 
in the lessons and unit plans they were developing. Table 6 

Table 2: Pre‑  and post‑assessment data for NGSS Crosscutting Concepts

NGSS crosscutting concepts Pre (25) Percentage Post (21) Percentage Increase over baseline (%)
Patterns 5 20 14 67 47
Cause and effect 4 16 14 67 51
Scale, proportion, and quantity 0 0 13 62 62
Energy and matter 5 20 14 67 47
Systems and system models 4 16 13 62 46
Structure and function 0 0 12 57 57
Stability and change 1 4 12 57 53

Table 3: Participant overall satisfaction with summer workshop  (n=17)

Question Strongly agree Agree
The content of the summer workshop constituted meaningful and important 
science for middle and/or high school.

8 8

Activities and discussions during the workshop enhanced my knowledge 
and understanding of related content.

7 9

Activities and discussions during the PD sessions I attended have positively 
influenced my teaching of related content.

11 5

The information learned from participating in this project has/will 
positively impact the achievement of my students.

8 7

Project activities and discussions were engaging. 6 11
Participating in the Summer Workshop has been a worthwhile and valuable 
professional development experience for me.

11 4

Item Every day Once a week
Approximately, how often do you believe you have applied the information 
learned from the PD sessions with your students?

8 7
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illustrates the percentage of participants who included the 
indicated reading standards for literacy in science and technical 
subjects into their lesson.

In addition, Table 7 shows the percentage of participants who 
included the indicated writing standards for literacy in science 
and technical subjects into their lesson. While content coaches 
did not observe an overall increase in the integration of the 
MCCRS-ELA over time, their feedback indicated that it was 
in part due to the specific lesson they were observing.

Participants worked in groups to develop unit and lesson 
plans to implement the NGSS and were also instructed to 
apply UDL principles to the lesson to increase access to the 
widest range of learners. Table 8 illustrates the percentage of 
participants who included the indicated UDL principles into 
their lesson. Overall, content coaches observed an increase in 
the application of the UDL principles in planning.

On the observation instrument as whole, participants were 
assigned an overall rating of “highly effective,” “effective,” 
“developing effective,” or “Ineffective” on their lesson plan. 
The overall criteria are described below.

Highly Effective
•	 The lesson provides a combination of at least three or 

more of the NGSS Practices and Crosscutting concepts.
•	 The lesson shows clear evidence of the CCSS for reading 

in science and technical subjects (RST). The lesson 
provides opportunities for students to identify key ideas 
and details and to integrate knowledge and ideas.

•	 The lesson shows clear evidence of the CCSS for writing 
in science and technical subjects (WHST). The lesson 
provides at least one of the writing standards.

•	 The lesson incorporates UDL Principles and Guidelines 
to differentiated instruction to meet the needs of students. 
The lesson should provide at least two of the three 
principles in its design and implementation.

Effective
•	 The lesson provides at least two or more of the NGSS 

Practices and Crosscutting concepts.
•	 The lesson shows evidence of the CCSS for reading 

and science technical subjects (RST). The lesson may 
attempt to provide opportunities for identifying key 
ideas and details and to integrate knowledge and ideas, 
but refinement of these are needed.

•	 The lesson incorporates one of the WHST.
•	 The lesson begins to incorporate UDL Principles and 

Guidelines. At least one of the three principles is provided 
in the lesson design and implementation.

Table 4: Percentage of classroom observations that 
included the NGSS practice

NGSS Science and Engineering 
Practice

Fall 
2015

Spring 
2016

Asking questions/defining problems 66 54
Developing and using models 40 39
Planning and carrying out investigations 20 31
Analyzing and interpreting data 30 46
Using mathematics and computational 
thinking

10 39

Constructing explanations and designing 
solutions

40 54

Engaging in argument from evidence 20 31
Obtaining, evaluating, and communicating 
information

40 69

Table 5: Percentage of classroom observations that 
included the NGSS crosscutting concept

NGSS crosscutting concept Fall 
2015

Spring 
2016

Patterns 10 39
Cause and effect 60 62
Scale, proportion, and quantity 20 23
Systems and system models 0 15
Energy and matter 20 31
Structure and function 10 15
Stability and change 0 15

Table 6: Percentage of classroom observations that included the reading standards

Reading standards for literacy in science and technical subjects (RST) Fall 2015 Spring 2016
Cite textual evidence. 20 23
Determine the central ideas or conclusions of a text; provide summary of the text distinct 
from prior knowledge or opinions.

50 23

Follow precisely a multistep procedure when carrying out experiments, taking 
measurements, or performing technical tasks.

40 46

Determine the meaning of symbols, key terms, and other domain‑specific words and 
phrases as they are used in a specific scientific or technical context relevant to Grades 
6–8 texts.

50 31

Integrate quantitative or technical information expressed in words in a text with a 
version of the information expressed visually (e.g., in a flowchart, diagram, model, 
graph, or table).

40 39

Distinguish among facts, reasoned judgment based on research findings, and speculation 
in a text.

0 0

Compare and contrast the information gained from experiments, simulations, video or 
multimedia sources with that gained from reading a text on the same topic.

40 15
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Effective Developing
•	 The lesson begins to address the NGSS Practices and 

Crosscutting concepts. However, the practices may be 
unclear or illogical for the purpose of the lesson.

•	 The lesson shows an attempt to include RST standards. 
However, the lesson may need refinement in its design 
of providing students opportunities to identify key ideas 
and details and to integrate knowledge and ideas.

•	 The lesson incorporates one of the WHST; however, it 
may not be appropriate for science. Refinement of the 
element is required.

•	 The lesson begins to incorporate UDL Principles and 
Guidelines. At least one of the three principles is provided 
in the lesson design and implementation.

Ineffective
•	 The lesson does not contain evidence of NGSS Practices 

and Crosscutting concepts.
•	 The lesson lacks RST standards and implementation of 

CCSS for reading is not evident.
•	 WHST standards are lacking, and the implementation of 

CCSS for writing is not evident.
•	 UDL is not addressed or implemented within the lesson 

framework.

Overall, 85% of teachers observed in the spring were rated 
“highly effective” or “effective,” 15% were rated “effective 
developing,” and none received a rating of “ineffective.”

Surveys
Participants completed a UDL pre-survey to evaluate their 
knowledge and understanding of the UDL principles. They also 
received professional development on the UDL principles and 
how to apply them to the science content in a Spring Workshop. 
In addition, a session on utilizing technology to support access 
was provided during the Summer Workshop, and examples of 
how UDL could be integrated into their units were also shared. 
Table 9 shows the teachers growth over the baseline. While their 
perceptions did not increase in every area, their performance in 
Table 8 shows they still increased their ability to apply UDL.

At the end of the project, a survey was sent out to determine 
teachers’ satisfaction with the project overall. Their feedback 
was positive (Table 10).

Participants indicated that they valued the content and time to 
plan with colleagues throughout the project. Feedback about 
the most meaningful learning gleaned included:
•	 “I think the most beneficial thing was getting to network 

and collaborate with other secondary science teachers.”
•	 “The shift toward student-centered learning and using 

essential questions to encourage students to come up with 
meaningful answers is something that I feel will benefit 
students in the long run. This will help student learning in the 
long run. A better understanding of UDL Principles is also 
very useful as it will help with reaching all different types 
of learners. Understanding some of the theory that will be 
the foundation for the new curriculum and NGSS standards 
will help to develop lesson plans in advance that are in line 
with new learning expectations. Overall, I felt that the NGSS 
training will be immensely helpful, in the future.”

•	 “There were many beneficial experiences. Learning about 
the Crosscutting Concepts was enlightening. However, I 

Table 7: Percentage of classroom observations that included the writing standards

Writing standards for literacy in science and technical subjects (WHST) Fall 2015 Spring 2016
Write arguments focused on discipline‑specific content. 30 31
Write informative/explanatory texts, including the scientific procedures/experiments, or technical process. 20 7
Produce clear and coherent writing in which the development, organization, and style are appropriate to task, 
purpose, and audience.

40 31

Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, 
focusing on how well purpose and audience have been addressed.

0 8

Use technology, including the internet, to produce and publish writing and present the relationships between 
information and ideas clearly and efficiently.

0 8

Conduct short research projects to answer a question (including a self‑generated question), drawing on several 
sources and generating related, focused questions that allow for multiple avenues of exploration.

30 8

Gather relevant information from multiple print and digital sources, using search terms effectively; assess 
the credibility and accuracy of each source, and quote or paraphrase the data and conclusions of others while 
avoiding plagiarism and following a standard form of citation.

0 8

Draw evidence from informational texts to support analysis, reflection, and research. 20 8

Table 8: Percentage of classroom observations that 
included the UDL principles

Universal Design for 
Learning principle

Fall 
2015

Spring 
2016

Change

Options for perception 50 85 +35
Options for language and 
symbols

50 77 +27

Options for comprehension 20 85 +65
Options for physical action 50 54 +4
Options for expressive skills and 
fluency

30 54 +28

Options for executive functions 30 62 +32
Options for recruiting interest 40 77 +37
Options for sustaining efforts 
and persistence

40 69 +29

Options for self‑regulation 50 54 +4
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believe that the most important single factor was actually 
doing lessons that are NGSS. It was great to see how we 
could use models and improve the state of what we already 
teach. Since the curriculum was highlighted, I was able 
to plug some of the lessons right into my curriculum. 
This experience has changed the way I think of planning 
lessons and has made my lessons much more enquiry-
based, student-centered, and engaging. Additionally, my 
classroom test scores have improved.”

•	 “The exposure to NGSS activities and experiencing useful 
web sites were very beneficial. Seeing teachers/leaders 
in action (modeling activities, etc.) showed me what to 
do and I saw how effective it was. Discussions with the 
teachers from different schools/backgrounds made for a 
well-rounded experience. Understanding UDL has been 
especially useful in class.”

•	 “Becoming familiar with NGSS. Learning about STEAM 
and writing and assessment in science.”

•	 “The week during the summer to work on lessons 
collaborating with peers.”

•	 “This was an amazing experience. I would recommend 
it to anyone.”

•	 “Teaching NGSS was uncomfortable at first because 
I needed to be sure that the kids were getting the 
information. It is comfortable to talk them through the 
concepts, but it is much more effective for the student to 
discover the concept. It is getting much easier since this 
experience. I wish I had more time to have dedicated to 
this experience. In my school, full lesson plans are due 
for everything we teach. Additionally, we are responsible 
for frequent PD’s within our building and departments. 
I loved every second I was involved with this program. 
THANK YOU for this experience!!!!”

•	 “Having the whole week to work during the summer 
helped so much in preparing for the fall. I think that the 
“passion” of the leaders made a difference in our efforts, 
making us want to create something useful and beneficial 
to students. The mindset and leadership exposure should 
be included in future workshops.”

In addition, participants were asked to rate their confidence 
levels around a variety of items related to teaching science 
before participating in the project and again at the end of 
their participation. Results suggest an overall increase in 
the teachers’ confidence levels related to teaching science, 
especially in the area of utilizing UDL (see Table 11).

Finally, an affective checklist was administered at the end of 
the project. Participants indicated some sustainable changes in 

Table 9: Changes in perceptions about the importance of 
applying UDL

Universal Design for Learning principle Pre Post

Strongly 
agree/
Agree

Strongly 
agree/
Agree

n % n %
I believe it is important to provide students 
with/offer students

Multiple options for engaging with the 
content being taught

21 100 19 95

Opportunities for multiple representations 
of the content being taught

21 100 20 100

Multiple ways to navigate the learning 
environment and express what they know

20 100 20 100

Various options for perceiving the 
information being taught

19 95 13 68

Options for language, mathematical 
expressions, and symbols

16 80 11 58

Options for comprehending the material 20 100 18 90
Options for physical action 19 95 20 100
Various options for expression and 
communication

20 100 20 100

Options for developing and using 
executive functions

14 78 18 90

Options for recruiting their interest 17 94 20 100
Options for sustaining effort and 
persistence

17 94 19 95

Options for self‑regulation 16 80 18 90
Number of respondents varies due to participants’ non‑response to some 
items

Table 10: Participants’ overall satisfaction with the project  (n=7)

Question Strongly agree Agree
The PD sessions throughout the project constituted meaningful and 
important science for middle and high school.

57 43

Activities and discussions at PD sessions enhanced my knowledge and 
understanding of related content.

57 43

Activities and discussions during the PD sessions I attended have 
positively influenced my teaching of related content.

57 29

The information learned from participating in this project has/will 
positively impact the achievement of my students.

57 29

Project activities and discussions were engaging. 57 43
Participating in the project workshops has been a worthwhile and 
valuable professional development experience for me.

100 0

Item Every day Once a week
Approximately, how often do you believe you have applied the 
information learned from the PD sessions with your students?

29 57
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behavior. Table 12 shows the percentage of participants who 
answered yes or no to each item.

DISCUSSION AND CONCLUSION
Implementation of the NGSS requires a significant shift in how 
teachers plan for and implement instruction in the classroom. 
In addition, the inclusion of diverse learners in general 
education settings further intensifies the need for all teachers 
to have the necessary skills to plan in ways that meet those 
students’ needs as well. Effective implementation of the new 
NGSS requires that general and special educators collaborate 
to ensure meaningful access for students with disabilities. 
Findings suggest that this professional development program 
was successful and can serve as a model for providing teachers 
with the required content and pedagogical knowledge as 
well as the opportunity and skills to engage in such critical 
collaborations. It is important to note, however, that the small 
sample size is a weakness of the study and may limit the 
generalizability of the findings.

One area that was consistently identified by teachers as critical 
to the effective implementation of the NGSS was the ability 
to collaborate and plan with others. The collaboration was 
deemed important not only within grade-level teams but was 
also important across grade levels as well as with special 
educators. Teachers benefitted from this collaborative planning 
and felt it enhanced their work as well as their students’ 
learning outcomes. Results of this study support the position 
that professional development programs should offer teachers 
time and space to work and plan collaboratively.

Participating teachers identified hands-on experiences and 
examples as helpful components of the NGSS professional 
development sessions. During the spring professional 
development sessions, the NGSS practices were presented 
using actual labs and activities. Being able to approach 
the work from the viewpoint of their students helped 
teachers develop a deeper understanding of the content and 
subsequently develop more effective lesson plans. It also 

Table 11: Confidence Survey Results

Question Before After

C=Confident, VC=Very confident Confident/Very 
confident (mean)

Confident/Very 
confident (mean)

Teaching the engineering design process, engineering practices, and 
engineering habits of mind to students.

2.4 3.4

Allowing students/teams to “fail” and then try again in the context of an 
engineering design challenge.

3.3 4.5

Teaching scientific content and practices to students. 3.2 4.3
Teaching students outside, where the outdoor environment is central to 
the lesson.

3 3.9

Provide opportunities for students to develop and use models. 2.8 4.4
Engaging students in planning and carrying out investigations. 2.8 4.3
Integrating Universal Design for Learning into lesson planning. 2.8 4.3
Engaging students in writing arguments focused on discipline‑specific 
content.

2.8 4

provided them with exemplar models they could use in their 
own classrooms.

A final area identified as important by teachers was the use of 
the UDL framework throughout the professional development. 
Overall, content coaches observed an increase in the application 
of the UDL principles in planning. In addition, participants self-
rated that they had greater confidence in applying UDL and 
that it was beneficial for students.

Ultimately, the overarching goal of this project was to improve 
student-learning outcomes by providing teachers with quality, 
sustained professional development on the NGSS practices, 
crosscutting concepts, integrating the Common Core ELA 
standards, and applying UDL. During the focus group 
interviews, several participants provided specific examples 

Table 12: Result of affective checklist

Behavior Yes (%) No (%)
Read an article in a newspaper or magazine about a 
science content issue.

100 0

Asked students to share a science topic or issue they 
want to know more about.

90 10

Found myself more interested in and/exploring how 
I could make better data‑driven decisions about 
classroom instruction.

40 60

Used a new technology tool (game, video clip or 
website) on a science topic in my classroom.

100 0

Coplanned a science lesson with a colleague. 100 0
Talked to a fellow teacher about something you 
learned in the program.

100 0

Found myself checking out NGSS as I planned a 
new science classroom activity.

90 10

Talked with a colleague about how helpful I found it 
is to link science ideas and NGSS practices.

80 20

Sent home a note to families about the exciting 
science or math activities going on in class.

60 40

Planned/carried out a science/NGSS focused activity 
linked to MD Standards with my students.

100 0

I feel more confident about including UDL 
components in planning my lessons.

100 0
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illustrating how what they learned positively impacted their 
students’ achievement. In addition, feedback from the spring 
professional development sessions, summer workshop, and 
final project survey, participants consistently reported that 
their participation in the project has had a positive impact on 
the achievement of their students.
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