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INTRODUCTION

Mpr. Kelty’s Biology classroom is a friendly,
informal space. On the whiteboard are daily
announcements and schedules. Above the
white board are two pull down maps and a
white screen for use with a projector (on a
cart). There are two bookshelves on the left
wall with a few biology textbooks, which are
rarely used as they frustrate the students
because they have difficulty engaging in or
understanding the content.

The class period generally follows the same
daily routine. Class is held from 9:40 to 10:30
each morning. As students enter, Mr. Kelty
welcomes them and provides them with their
materials for a daily science activity. There is
an obvious and strong rapport between Mr.
Kelty and the students, but he struggles to keep
them engaged in science instruction. He has a
background in science but does not have cur-
ricular materials to use. He approaches his
principal and exclaims, “I don’t know what to
do. Science is hard for my students and I don’t
know how to design instruction that supports
their needs. I need help!”

Students with challenging behaviors often
struggle in academic and social settings.
Specifically, students with Emotional or
Behavioral Disorders (EBD) often display
high levels of aggression (verbal and
physical) and have difficulty socially and
academically. Consequently, students with
EBD often have lower academic grades,
increased  disciplinary problems, and
increased dropout rates (Wagner, Kutash,
Duchnowski, Epstein, & Sumi, 2005). In
general, students with EBD who have been
expelled from high school are reported to be
less successful as adults (Wynne, Ausikaitis,

& Satchwell, 2013). For example, in regards
to postschool outcomes, students with EBD
are less likely to find employment, live
independently, or attend a 4-year college
than their peers without disabilities, and
they are more likely to report criminal
histories (Wagner & Newmann, 2012).
While these statistics have improved over
the last decade (Wagner & Newmann, 2012;
McFarland et al., 2018), 35% of students
with EBD drop out before completing high
school, the highest rate among students
from any disability category (McFarland et
al., 2018). With 5% of students served under
IDEA receiving support under the disability
category of EBD, more needs to done to
ensure their success in secondary settings
(McFarland et al., 2018).

The difficulties that many students with
EBD encounter in a school environment
are compounded by state mandated high
stakes assessments. Secondary science has
gained national attention as both states
and the federal government work to make
science proficiency part of the high school
graduation requirement. Nationally, the
agenda to improve students’ science aptitude
has been the focus of major initiatives (e.g.,
the U.S. Department of Education’s Race
to the Top program). The development of
the Next Generation Science Standards
(NGSS; NGSS Lead States, 2013) represents
a national effort to provide teachers with a
set of standards for teaching both scientific
and engineering content and practices.
About 40 states have either adopted the
NGSS or a state-specific version of the
standards. While the goal of the standards
is to identify the knowledge, skills, and
practices necessary to be successful and
competitive in a 2lst century post-school
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reality, the standards themselves do not
offer tools, supports, or methodologies for
effectively teaching science to students.
Consequently, the movement towards an
increased accountability for performance
in science, coupled with science standards
that dictate the “what” but not the “how,”
presents a challenge to both teachers and
students, including students with EBD.

SCIENCE AND EBD

Many students (with and without disabilities)
struggle specifically in their science classes
(Millar, 1991; Myers & Fouts, 1992). Stu-
dents with EBD, however, have additional
challenges that require specific evidence-
based practices and supports in order to
learn, retain, and generalize science content
and practices (Watt, Therrien, & Kalden-
berg, 2014). Science proficiency encom-
passes the knowledge of science content
(e.g., characteristics of rocks), the ability to
engage in scientific practices (e.g., asking
questions, collecting data), and the ability
to apply this knowledge to real world situa-
tions. For example, the content and practices
developed in a science class can lead to an
increased understanding of the natural world
as well as the ability to investigate questions
and solve problems. However, designing
effective academic interventions for science
instruction for students with EBD can be
complex. A variety of factors impact student
success in the science classroom, including
(@) reading and writing (Parmar, Deluca &
Janzak, 1994; Sheparad & Adjogah, 1994;
Steel, 2004), (b) math skills (Olson & Platt,
2004), (c) the ability to relate prior knowl-
edge to new material, (d) academic motiva-
tion (Scruggs & Mastropieri, 2000), and (e)
attentiveness (Steele, 2004). Students with
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disabilities, including EBD, often have diffi-
culty with these particular skills (Mercer &
Mercer, 2005). For example, a teacher may
assign a research project that requires stu-
dents to comprehend expository text, create
outlines, conduct research and locate refer-
ences, interpret visual information (includ-
ing graphs or raw data), develop reports, and
communicate findings with others. It can be
difficult for teachers to provide the instruc-
tion and supports that ensure all students,
including students with EBD, can benefit
from learning science content and practices.

ACADEMIC INTERVENTIONS FOR
STUDENTS WITH EBD

The records of legislative history on special
education are expansive and comprehensive.
Despite this, it is clear that the academic needs
of children with EBD are not being met(see
Wehby, Lane, & Falk, 2003 for a discussion).
Even with considerable progress around
special education policies and services,
students in the current public school systems
are often not receiving the full range of
academic accommodations that they should.
However, finding the most appropriate
interventions is a complex task. The modern
challenge is that in addition to developing
appropriate behavioral interventions, there
is a need to develop supports for both daily
academic instruction (including science
instruction) and high stakes assessments.

Students with EBD need a wide variety of
academic and behavioral programs, services,
and supports to succeed (Wagner et al., 2005).
These include a structured teaching environ-
ment, including the provision of explicit, sys-
tematic, and highly interactive direct instruc-
tion delivered in learner-friendly, memorable
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ways (Boudah, Lenz, Bulgren, Schumaker, &
Deshler, 2000). Additionally, supports include
(@) independent learning strategies (Deshler,
Ellis, & Lenz, 1996); (b) opportunities for
peer-mediated learning, including class-wide
and reciprocal peer tutoring (King-Sears
& Cummings, 1996; Wright, Cavanaugh,
Sainato, & Heward, 1995), as well as coop-
erative learning (Putnam, Spiegel, & Bru-
ininks, 1995); and (c) teachers with a strong
repertoire of behavior-management skills to
decrease inappropriate behaviors and increase
pro-social behaviors (Landrum, Tankersley,
& Kauffman, 2003; Walker et al., 1998).

BEHAVIORAL AND SOCIAL
INTERVENTIONS FOR STUDENTS
WITH EBD

Various teacher-led interventions to support
students with EBD have been established and
analyzed for effectiveness (Losinski, Maag,
Katsiyannis, & Ennis, 2014; Pierce, Reid,
& Epstein, 2004), however, the importance
of developing meaningful interpersonal
relationships should be underscored (Mihalas,
Morse, Allsopp, & McHatton, 2009). For
example, ensuring that at least one staff or
faculty member in the school is checking in
with each student (Check In/Check Out) may
improve the referral process so that these
students receive services they need—services
that may mitigate further internalizing and
externalizing challenges (Cheney et al.,
2009). The establishment of adult-student
relationships can have an important impact,
not only on socioemotional development (e.g.,
internalizing and externalizing behaviors;
Murray & Murray, 2004) but also on academic
success (e.g., dropout rates; Muller, 2001).
When considered in the context of science
instruction, behavioral interventions might

consider the collaborative peer-based contexts
of small or large group science lessons. While
behavioral interventions have been found to
be effective in reducing undesirable behaviors
and promoting prosocial or on-task behaviors
(Gresham, 2015), it is clear that these
interventions alone are not enough to promote
academic success; typically, even when
behavioral interventions are in place, a lack
of supportive and accessible curriculum in
science leads to an increase of both academic
and behavioral challenges in the classroom.

DEVELOPING CURRICULUM

To support academic success in the science
classroom, an effective framework for
academic interventionsinscience for students
with EBD must include both behavioral
interventions and academic interventions.
Just as importantly, the structure of how to
plan and develop science curriculum must
be deliberate and organized. The following
is an adapted step-by-step guide (Lenz &
Schumaker, 1999) for supporting students
with EBD in the science classroom while
simultaneously preparing students for high-
stakes assessments. This guide can be useful
in assisting general and special education
administrators, teachers, and support
staff when working with youth with EBD.
Consider the original case study about Mr.
Kelty and his task of designing effective
science instruction for his students. For Mr.
Kelty, and all other teachers of students with
EBD, we offer this four-step process.
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STEP 1. IDENTIFY RELEVANT
ACADEMIC AND BEHAVIORAL
STRENGTHS AND AREAS OF NEED

The first step consists of gathering information
about students and existing curricular
programs, if applicable. Teachers can begin
by identifying and understanding the grade
level science standards (content and practices)
and specific interests of the students. The goal
is to identify areas of overlap or opportunities
to embed student interests in the grade level
content standards. Consider administering a
“science interests inventory” at the beginning
of the school year or several times per year
to gauge interest in possible topics. Add real-
world examples related to employment options
(e.g., career opportunities in STEM-related
fields) or leisure or recreational activities
(e.g., gaming, cooking, camping) that relate
to science content or practices. Promote
engagement by developing a class library
of expository texts at the students’ reading
level that relate to the topics identified in the
interests inventory. Finally, add a place in
the classroom for students to pose questions
about the natural world or problems they
would like to solve. Offer incentives or points
related to a class-wide token economy system
for students who offer plausible solutions or
research answers. By identifying specific
strengths and interests and promoting a
culture of scientific discovery, students will
be more likely to engage in the material with
which they are provided.

Next, evaluate the materials available for
teaching science. If a district or school site
has adopted a certain commercial program
for teaching secondary science, evaluate the
materials and instructional formats. Features
to consider include:
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» Teacher preparation: Does the curricu-
lum include measurable, observable lesson
goals? Does the instruction follow a logical
and systematic sequence across lessons and
units? Does the program include materials
that promote active student engagement and
response? Does the program include materi-
als that increase comprehension of core con-
cepts (including the use of images, illustra-
tive diagrams, and graphic organizers)?

» Teacher input: Does instruction include
opportunities to access or provide related
knowledge? Does the lesson begin with a
review of vocabulary or concepts already
learned? Does the lesson include explicit
instruction in new vocabulary or concepts?
Does the lesson include clear models of
science practices, such as posing questions
or evaluating data?

o Student input: Do students have access
to expository texts and other print materi-
als at their instructional level? Do students
have multiple and frequent opportunities to
express what they know? Do students have
opportunities to work collaboratively with
others? Are engagement features embedded
in the curricular program?

Identifying instructional barriers is an impor-
tant step in helping to promote time-on-task,
comprehension of content and practices,
and overall engagement in science. Many
behavioral challenges may be mitigated by
(@) identifying personally relevant or high-
interest science content and (b) identifying
barriers or omissions in existing instruction.
The final part of Step 1 is to identify student-
specific behavioral challenges that can be
addressed as part of the instructional design
process. This may include a careful review
of behavior intervention plans, talking with
the students’ families or other teachers and
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related services providers, and talking with
the student directly.

STEP 2. SET GOALS FOR
CURRICULAR DEVELOPMENT

Students with EBD have specific needs. In
order to meet those needs, it is likely staff
will need support and continued profes-
sional development (e.g., training in the
NGSS, trainings for supporting the needs
of students who are EBD, trainings about
evidence-based practices for secondary
students). At this stage, it is important to
develop an action plan for how to proceed.
Concurrently, it is vital to clearly consider
the scope of (a) what adaptations need to
occur (see Step 1) and (b) identify who will
be responsible for making these adaptations.

To complete the work of designing, adapt-
ing, or modifying effective science curricu-
lum and preparing materials for implemen-
tation in the science classroom, it is recom-
mended that initial meetings be conducted
with both site administrators as well as
various faculty of the school (e.g., general
and special education teachers and behav-
ior specialists, as needed). During the initial
meeting, the special education teacher can
share analysis of the needs of the students,
including the findings from the evaluation
of any existing curricular materials. The
team should develop a plan for providing the
science teacher (or co-teaching pair) with the
necessary materials to remove barriers and
effectively meet the needs of the students.
The science teacher should discuss the need
for students to access materials that allow
them to access grade-level content (such as
expository texts that match both the grade
level content standards and their reading

level) and hands-on materials to promote
both learning and engagement. This may
also include advocating for additional time
to plan or develop materials. This process
should be collaborative and constructive,
with the teacher agreeing for ongoing check-
ins from site administration and faculty on
the progress and success of instructional
design and implementation.

It is important to articulate clear goals for
curricular adaptations and design. Within
this step, it is recommended to address the
areas where students are struggling. Three
goals for the teacher should be established:
(@) to craft or adapt an age appropriate cur-
riculum that directly addresses the needs
of students with EBD; (b) to ensure the
curriculum aligns with science standards
(e.g. NGSS); and (c) to provide high stakes
assessment preparation materials to prepare
students for the state end-of-year exam (e.g.,
the end of year state biology exam).

STEP 3. DESIGN AND/OR ADAPT
INSTRUCTION

After developing a collaborative plan for
constructing appropriate science curricu-
lum, teachers are ready to design or adapt
instruction. First, prioritize grade-level
content that matches the interests of students.
Consider both science content (the domains
of science, including physical science, Earth
and space science, life science, and engineer-
ing and technology) and science practices
(the “doing of science,” including asking
questions, collecting and analyzing data,
etc.). Ensuring subject matter is well aligned
with grade-level Standards promotes learn-
ing and engagement and prepares students
for high-stakes science assessments. Second,
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the presentation and delivery of the content
should be adapted or modified to meet the
specific needs of the students (Wagner et al.,
2006). Following recommendations from
Lenz and Schumaker (1999), content should
be adapted to connect student learning to
instructional materials and content adapta-
tions should be made to meet current local
and state education standards, as well as to
meet students’ individualized education pro-
grams (IEPs). This may include address-
ing specific academic goals that may relate
to science instruction, including decoding,
reading comprehension, or mathematical
computations or reasoning. Similarly, stu-
dents may have goals related to time-on-task
or work completion. Third, to ensure stu-
dents are supported and prepared for end-
of-grade assessments, teachers should care-
fully identify any accommodations or modi-
fications stated on the IEP and embed them
in both science instruction and assessment.

Specifically, research and evidence-based
interventions for supporting math, lan-
guage/vocabulary, and test taking strategies
should be embedded throughout the curricu-
lum. Special consideration should be made
for communication or language needs. For
example, if an identified barrier (in Step 1)
is decoding, teachers can plan to provide
expository texts in e-text formats, that allow
for text-to-speech capabilities. Similarly,
the use of graphic organizers and sentences
starters or word banks can provide supports
for students who have difficulty express-
ing what they know in writing. Additional
examples of strategies for improving lan-
guage and vocabulary skills for students
with EBD include:
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* Development of a word wall through
guided reading (Schulman & daCruz Payne,
2000). After providing word/vocabulary
lists, it is recommended that words (once
taught) should be depicted on a large chart
or taped on a wall for the entire class to see.
Additionally, students may make an activ-
ity out of the word wall — such as creating
key-word mnemonics (a vocabulary learn-
ing strategy used to teach content spe-
cific vocabulary, using words and pictures
already familiar with the learner; King-
Sears, Mercer, & Sindelar, 1992; Mastrop-
ieri, Scruggs, Whittaker, & Bakken, 1994).
This activity would not only improve the
state required vocabulary knowledge and
context, it would improve students’ motiva-
tion and participation in their own learning.
» Incremental rehearsal is an academic
intervention that is used to address issues
of poor retention and increase fluency of
retrieval of basic facts (Joseph, 2006). Flash
cards and vocabulary review activities might
help the teacher practice terms with students.

While a teacher may choose to design novel
science instruction that is individualized
and incorporates research and evidence-
based practice, the practice of making cur-
ricular adaptations to existing material is
most likely the most efficient and parsimoni-
ous route. One approach to making curricu-
lar adaptations would be to use previously
created lessons and curriculum materials that
are based heavily on literacy (e.g., incorpo-
rate language and expository texts), and adapt
the lesson using strategies by Carter et al.
(2005), Mastropieri and Scruggs (1987), and
Bulgren (2004). The adaptations would be to
increase scaffolding of the concepts, theories,
and vocabulary in order to build the knowl-
edge and skills required to learn science.
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For example, preteaching science vocabu-
lary related to the content or practices will
prime students and promote success. Teach-
ing the concepts of complex vocabulary or
scientific concepts through example and non-
example training (e.g., show multiple exam-
ples of concepts to clearly demonstrate key
features of a target concept) ensures students
can use related vocabulary to communicate
their understanding of key concepts. These
types of adaptations can be incorporated into
an existing lesson that simply tells teachers
to “teach xxxx vocabulary” or “read xxxx
text.” Collaborative reading strategies, like
Peer Assisted Learning Strategy (Simmons,
Fuchs, & Fuchs, 1995) or Collaborative Stra-
tegic Reading (Klingner, Vaughn, Dimino,
Schumm, & Bryant, 2001), can be embedded
in lessons that rely heavily on expository text
decoding, fluency, or comprehension. Finally,
Self-Regulated  Strategy =~ Development
(SRSD; Harris, Graham, MacArthur, Reid, &
Mason, 2011) is an approach that incorporates
mnemonics to explicitly teach students with
EBD to develop their writing and self-regula-
tion strategies across content areas.

Finally, plan to support behavioral needs by
incorporating individual and class-wide sup-
ports. For students who respond well to adult
attention, a Check In/Check Out system may
increase time-on-task and work completion.
In this system, students receive contingent
and specific feedback and reinforcement for
performing specific tasks or behaviors. If
students have clear rules for earning points
by engaging in science lessons or remaining
on-task during science lessons, they may be
more likely to participate in the lesson. Stu-
dents can earn points towards a class-wide
cash out for demonstrating appropriate col-
laborative behaviors during small group

activities, for example. Additionally, teach-
ers should consider environmental factors
that promote success, including clear class-
room procedures and rules (including safety
rules for hands-on science demonstrations),
a physical environment that promotes col-
laboration and allows for teachers to monitor
and circulate effectively, and clearly posted
schedules and lesson objectives.

STEP 4. IMPLEMENT, EVALUATE,
AND MODIFY ADAPTATIONS

Once science curricular materials have been
appropriately adapted or developed, teach-
ers must consider the instruction itself. On
the one hand, students with disabilities,
including students with EBD, benefit from
systematic, direct, and explicit instruction.
On the other hand, learning about both the
content and practices of science necessitates
flexibility and discovery. A careful com-
bination of these paradigms is one way to
nurture wonder and also promote success-
ful acquisition of knowledge and skills for
students with EBD. Explicit and systematic
approaches may be necessary for teaching
foundational knowledge, such as vocabulary
acquisition or steps to a scientific process.
Observational and Experiential Learn-
ing (Mastropieri & Scruggs, 1987) could
promote higher order thinking and a deeper
interest in the content matter, for example.
Methods for providing experiential learn-
ing could be through media presentations,
outside activities, and activities in the class-
room. For example, a teacher could pre-
train the steps to the science investigation
(to practice the scientific method) through a
video model, and then students could create
and engage in their own investigations inside
and outside the classroom. Scaffolds would
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be used to support learning and motivation
throughout the process. Within the lesson,
each distinct part of the project would be
clearly described, and students would be
assessed with a project checklist as a visual
support and mechanism for self-monitoring
throughout the project activities.

To ensure long-lasting student success, the
process of curricular development should
be iterative and reflective. Teachers should
plan to routinely evaluate their own curricu-
lum and instruction and make adjustments as
needed. The evaluation and adjustment of the
adaptation of the materials would be three-
fold. First, after establishing teacher needs,
a binder should be created that includes:
(@ standard-specified science materials
organized by disciplinary core ideas (e.g.,
required biology vocabulary for students,
biology learning standards, sample quizzes,
and review materials); (b) lessons, activities,
support materials, assessments, and review
materials for the units along with a curricu-
lum map for a course in its entirety; and (c)
additional high stakes assessment prepara-
tion materials that aligned to the correspond-
ing lessons (e.g., practice prompts, word
banks of grade-level vocabulary both within
and across units). Concurrently, supplemen-
tal textbooks, expository texts, and online
resources may be added to assist in providing
students with additional information, lessons,
and activities that add to the lessons.

Second, to evaluate the effectiveness of
the curriculum, pre- and post-test data on
student performance should be collected. It
is recommended that teachers measure both
foundational knowledge (i.e., knowledge of
content vocabulary and key concepts) as
well as proficiency in scientific practices
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(e.g., using a rubric, to what extent can stu-
dents use inquiry to answer a question? To
what extent can students use the engineer-
ing problem solving process to solve prob-
lems?). Third, students may receive daily
scores for both academic and behavior using
both teacher and self-scored evaluations.

IMPLICATIONS AND
CONCLUSIONS

Designing and adapting science lessons can
(a) increase motivation by incorporating a high
level of hands-on, project-based activities;
(b) increase understanding of science content
(e.g., facts and concepts related to the science
content) and practices (e.g., problem solving,
inquiry); and (c) support integrated learning
across disciplines to support overall outcomes
and performance on high stakes assessments.
To effectively teach science to students with
EBD, one requires finding both the appropri-
ate behavioral and academic interventions that
address specific student needs. Additionally,
because high quality science education neces-
sitates integrated understanding of other dis-
ciplines (e.g., math, reading, writing), science
educators must be well-versed in how to teach
and support other content areas as well.

While there are many challenges adminis-
trators and teachers have in developing orga-
nized and quality science lessons for students
with emotional and behavioral disabilities,
it is imperative to be thoughtful and inten-
tional when developing or adapting science
instruction that meets the needs of students
with EBD. By following the process identi-
fied in this guide, teachers have the power to
provide students with EBD the supports and
instruction necessary for both the learning
and doing of science.
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