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ABSTRACT
Eighteen middle and high school students with visual impairments participated in a weeklong field-based geology summer
camp. This paper reports the curriculum, strategies, and what the students learned about Earth science by climbing in and out
of caves, collecting fossils, exploring a bog, and interacting with experts in the field. Students were encouraged to be active
learners outside of their normal comfort zone to develop understandings about geology through reading the landscape.
Initially, few of the students held scientifically accurate Earth science concepts, but by the end of the week most had developed
a medley of scientific and unique inaccurate understandings that have never been documented before. A week of intensive
first-hand experiences was sufficient for the students to acquire some scientific knowledge, but not enough to eliminate
inaccurate understandings. The duality of their science understandings suggests that additional informal experiences paired
with formal classroom instruction will be necessary to clarify concepts. Some previously undocumented misconceptions were
exhibited by the students, such as water pressure influencing plate tectonics and lifecycles of animals impacting Earth systems.
� 2013 National Association of Geoscience Teachers. [DOI: 10.5408/12-379.1]
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INTRODUCTION
Historically, the study of Earth systems has received

short shrift in K–12 education (Lewis and Baker, 2010).
Recent public debate regarding the need for alternative
energy sources and the merits and alleged deleterious effects
of fracking indicate a particular need for students to
understand Earth science to become informed citizens. To
meet the needs of 21st century learners, Earth science
studies need to be taught from a systems view that employs
inquiry-based lessons supported with geological reasoning
(Hoffman and Barstow, 2007).

SCIENCE EDUCATION FOR STUDENTS WITH
VISUAL IMPAIRMENTS

Approximately 29,000 students aged 3–21 have a visual
impairment in the U.S. (U.S. Department of Education,
2011). Students with visual impairments have considered
science a difficult subject, due to the overreliance on visual
instruction techniques (Penrod et al., 2005; Jones et al., 2006;
Sahin and Yorek, 2009). Students with visual impairments
have the ability to master the same high-order science
concepts as their sighted peers if accommodations are
provided (Jones et al., 2006).

In order to help students with disabilities learn science,
it has been found that they can benefit from informal
learning experiences that allow for learning through
alternative modalities (Melber and Brown, 2008). However,
these students may have limited experience in informal

settings due to transportation issues, family funds, or health
services schedules. Melber and Brown (2008) suggest
informal learning experiences in curricula for students with
disabilities can be used as science-enrichment experiences to
support formal classroom instruction. These experiences can
not only benefit students with disabilities, but also their
peers (Rye et al., 2012).

The limited research-based science teaching methodol-
ogies published for students with visual impairments is a
further complication. Many manuals exist to explain how to
teach science to students with visual impairments (Hadary
and Cohen, 1978; Willoughby and Duffy, 1989; Dion et al.,
2000; Koenig and Holbrook, 2000; Kumar et al., 2001).
However, very little research has been conducted to
determine the effectiveness of these curriculum materials
(Linn and Peterson, 1973; Long, 1973; Linn and Their, 1975;
Struve et al., 1975; Waskoskie, 1980; Erwin et al., 2001; Jones
et al., 2006; Jones et al., 2008; Wild and Trundle, 2010a,
2010b; Rule, 2011; Wild et al., 2012). Inquiry-based
instructional techniques have been reported for teaching
the concepts of scale, environmental science, seasonal
change, space, and sound to students with visual impairment
(Jones et al., 2008; Wild and Trundle, 2010a, 2010b; Rule,
2011; Wild et al., 2012). In the search for articles related to
geology and the students with visual impairments, three
articles were found (Travis, 1990; Asher, 2001; Rule, 2011)
describing curriculum modifications. Only one article was
found to contain research related to the curriculum (Rule,
2011). Therefore, the purpose of this paper is to explore
teaching strategies in geoscience for use with students
having visual impairment as well as present research about
the students’ conceptual understandings of geosciences
concepts before and after participation in a field-based camp.

GEOLOGY MISCONCEPTIONS
Examining student knowledge about a topic has been

used to decide where to start the instruction (Rieback and
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Gautier, 2005). Therefore, we began our study by examining
the misconceptions of geosciences concepts in the general
education community. Students at all levels demonstrate
misconceptions relating to the geological concepts of
watersheds (Shepardson et al., 2005), climate change
(Riebick and Gautier, 2005), plate tectonics (Libarkin, 2005;
Sibley, 2005) and Earth surface temperatures (Salierno et al.,
2005). Other students were found to have confusions
regarding how the Earth’s age is calculated, and when
humans, dinosaurs, and other life forms appeared on Earth
(Libarkin, 2005). However, no research could be found that
described the geoscience misconceptions, targeted by the
curriculum used at this camp, of students with disabilities,
including visual impairment.

PURPOSE
The purpose of this qualitative study was to describe and

understand the conceptual understanding that students with
visual impairments have about the geologic concepts of the
Earth’s systems before and after an informal field-based
science camp. The concepts considered were based upon the
educational standards for this age level of students (National
Research Council, 2012) and included: Earth’s planetary
history, properties and movement of water in shaping the
Earth’s surface, and the impact of living organisms on the
Earth’s processes and structures. In addition, we describe the
instructional techniques used during the camp that appeared
to be beneficial to students with visual impairments
participating in an informal unit on geology.

METHODOLOGY
Setting

The research study was conducted during a weeklong,
5-day summer camp at a state residential school for the blind
in the midwestern United States. Students arrived at camp
for registration Sunday evening and were housed at the
school for the entire week of camp. The theme of the camp
was geology and Earth systems. Instruction and field
experiences on the geology concepts lasted from approxi-
mately 8:00 a.m. to 4:00 p.m., Monday through Thursday,
and Friday from 8:00 a.m. to noon. Students spent their
evenings doing traditional social activities such as swim-
ming, attending a movie, going roller skating, etc. All
students returned home on Friday afternoon.

Participants
Students

The geology camp was advertised on the website of a
midwestern residential school for the blind. Any high school
student with any type of visual impairment in the state was
eligible to apply to attend the camp. Eighteen students
attended the camp but only sixteen students with visual
impairments had parental permission to participate in this
study. However, one student had limited English and
therefore her answers were eliminated from the data set.
The participants were aged 13–18 and were in grades 8–12.
Of those students whose data were coded, seven were male
and eight were female. Students’ visual impairments covered
a gamut of situations ranging from blindness to conditions
resulting in low vision. The variety of visual impairments
necessitated the production of instructional print materials in

both large print and Braille. In addition to having a visual
impairment, several students had additional disabilities.
Specific data on visual impairment conditions and additional
disabilities were not collected due to stipulations in the
research review process.

Teachers
In order to help with the field-based science experienc-

es, multiple teachers were involved with this camp. One
camp director and an assistant developed the schedule and
planned all pre- and post-field-based activities, bus routes,
and arranged for the field-based instructors. The camp
director and assistant were science and math teachers from
the residential school who were assigned by the school to
run the camp. Two teacher interns from a collegiate teacher
preparation program for teachers of students with visual
impairments also attended camp and provided assistance as
needed. These students volunteered to be part of this camp
in order to earn student teaching hours toward certification.
Three orientation and mobility interns from a collegiate
preparation program for certified orientation and mobility
specialists attended camp and provided assistance to
students when travelling in various terrains. Similarly, these
interns volunteered to be part of this camp in order to earn
internship hours toward certification. None of the interns
had prior experience working with students with visual
impairments in field-based science learning experiences.

Curriculum
Students were exposed to a variety of lessons both in

class and out in the field involving the theme of telling the
history of the Earth through geologic evidence.

Day 1
The first day of camp provided instructional time from

9:00 a.m. to 3:30 p.m. The day began with ice-breaker
activities so that the students could meet and learn more
about each other. After the first activity, the researchers
conducted the preinstructional interviews. The instruction
then followed with an introduction to the rocks and minerals
commonly found in the state in which the students were
attending camp. This was accomplished through exploring
rock and mineral samples from a kit developed by the State
Department of Natural Resources. This was a guided inquiry
experience for students. Students examined the samples and
measured the mass with a digital scale and volume using
water displacement. Using this data, the students calculated
the density of each rock and mineral. Scales and calculators
adapted for students with visual impairments had audible as
well as visual readouts. Students read instructional text
accompanying the kit in either large print or Braille format.
Small groups of students were assigned to become ‘‘experts’’
of either a rock or mineral through collecting investigatory
data and reading the informational text. Afterwards, the
students orally presented the information that they found to
the class. The camp director facilitated a class discussion in
which students compared and contrasted the information
discovered.

The next lesson centered on an interactive discussion
about cave and cavern formation and the properties of
limestone, a major rock found in the state and explored later
in the week. The discussion was enhanced by a Smart Board
presentation by the camp director. The large images of caves
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and caverns were thoroughly described for the students who
were unable to see them. Students also had readings
provided in large print and Braille adapted from materials
provided by the State Department of Natural Resources.
Students took turns reading the information before the
teacher summarized each section and questioned students
for comprehension. Students conducted a confirmatory
experiment with limestone samples and vinegar to experi-
ence firsthand how limestone can be easily dissolved by a
weak acid.

The last lesson focused on fossils and geologic time. First
the students read from materials provided by Caesar Creek
State Park and the Division of Geological Survey regarding
geologic time and geologic periods. Relief maps of the state
were provided in tactile format to students to explore and
supplement the print materials. Classroom discussion led by
the camp director centered on student understanding of
terms and concepts. Students had the opportunity to model
fossil formation by pressing different shells and animal
shapes into soft clay. Each student could then feel the
impression made in the clay by the object. The camp director
explained that this simulated the first step in how some
fossils were formed.

Day 2
Day 2 began at 8:00 a.m. and started with a trip to

Caesar Creek State Park. The students travelled by bus from
the camp site to the park. On the way to the park, the camp
director pointed out landscape features and tied them to the
previous day’s discussion about geologic time and changes
to surface features. An engineer from the Army Corps of
Engineers met the students at the welcome center. She
provided an overview of the geologic focus of the park,
including how events during different time periods deter-
mined what they would find in the park. A large number of
fossil samples were provided for the students to tactually
explore. Fossils were passed around and students were given
hand-over-hand assistance as needed to feel the fossils and
differentiate one from another. Park rules for fossil hunting
and safety were discussed as this was the next activity.
Students spent the remainder of the morning hunting fossils
in the state park with the help of the teachers, the
orientation and mobility specialists, and the engineer.
Informal conversations among the students, teachers, and
the engineer clarified student understandings about the wide
variety of fossils present and how they were formed.
Students were allowed to keep a fossil that they found as
long as they could carry it out in the palm of their hands.

After the morning trip to Caesar Creek and lunch, the
students travelled to the Orton Hall Geological Museum.
There the students were met by the museum’s curator who
explained the history of geologic time periods and what
evidence from those periods could be found in the state.
Throughout the presentation, students were encouraged to
tactually explore rocks, fossils, and models of animals found
in the state at different periods of geologic time. Teachers
and orientation and mobility specialists assisted students
with hand-over-hand exploration of the different items. The
curator used very descriptive language to explain those items
that students could not touch, such as a skeleton of a 7-foot-
tall giant ground sloth, Megalonyx jeffersoni. Students
returned to camp around 4:00 p.m. for a snack and nighttime
social activities.

Day 3
Wednesday began at 8:00 a.m. with a bus trip to the

Hocking Hills, an area of the state well known for caves and
caverns. The first stop was Ash Cave. Students hiked
through the woods to the large cave on an accessible path.
The ground surface of the path and cave was mixed gravel
and sand. Once inside the cave, the teacher read information
from a brochure provided by the State Department of
Natural Resources to the students. The information ex-
plained the geologic composition of the area, how the cave
was formed, the impact of ongoing weathering of the rock,
and the historical uses of the cave. Students walked around
the cave feeling the uneven surface of the walls and shallow
crevasses. They reveled in the echoes of their voices inside!
Students also explored a small waterfall near the cave by
venturing out onto the rocks and putting their hands under
the waterfall to feel the water splash onto the palms of their
hands.

The second stop was a location known as Rock House.
Teachers and orientation and mobility specialists lead the
students through a half mile trek through the woods that
involved clambering over fallen trees and descending
downward into a deep ravine. Access to the cave was
achieved by climbing up steps carved into the rock face by
ancient peoples. Students’ ascent to the cave was carefully
monitored by all adults on the trip, including the researchers.
Once inside the cave, students explored the shallow tunnels
within the sandstone structure. Students were given the help
of an aide to walk around the cave while exploring it
tactually. Students felt the walls of the cave, and listened to
the echo of their voices comparing the size of Rock House to
Ash Cave. Some students climbed up a few small outcrops
within the cave to understand the height of the walls of the
cave. The camp director answered students’ questions and
continuously made connections between the print material
provided by the Department of Natural Resources and the
students’ actual experiences in the cave.

The third stop of the day was to Lake Logan for
recreation. This was a break in instruction for the students,
free of curriculum content. The remainder of the day was
spent swimming in the lake and lounging in the sunshine.
Students also had the thrilling option to drive a houseboat
owned by the residential school’s principal. The principal
took small groups of students and adults in the boat to the
far end of the lake and verbally guided the students while
they piloted the boat. One student gleefully commented,
‘‘This is the best day of my life!’’ Students returned to the
school for evening activities by 5:00 p.m.

Day 4
Thursday began at 8:00 a.m. with a bus trip to Ohio

Caverns. Students were met by a tour guide who provided
information about caverns. She explained that caverns were
underground spaces caused by the gradual flowing and
dripping of water over long periods of time. She stated that
the difference between caverns and caves is that caverns
were completely underground, a distinction not shared by
many geologists. The guide prepared the students to see
stalactites and stalagmites by describing how they are
formed and the various common shapes. She concluded
her above ground talk with a discussion about the impacts of
humans on the caverns. The students descended into the
cavern by walking on a well prepared pathway. Inside the
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cavern, descriptions of all visual information were given in
great detail to the students by the tour guides and the camp
adults. Unfortunately, due to preservation concerns, students
were not permitted to feel the sides of the caverns and the
rock formations within the cavern. Instead, they were
directed to listen carefully for the sounds of dripping water
and the muted echoes of their voices. The musty smell of the
cavern was also a highlighted sensory experience. Navigat-
ing students across the uneven wet floor required the close
attention of the supervising adults. The tour guide shared a
number of local folklore stories about specific stalagmites in
the cavern. A trip to the souvenir shop completed the cavern
excursion.

After the cavern tour and lunch, the students were then
taken to a nearby state park that features a bog. A tour guide
met the students and took them into a nature center that was
filled with plant and animal artifacts from the bog. He
explained the ecology of the bog and how the plants and
animals that lived there were dependent upon the resources
within the bog for their survival. He also explained how the
plants and animals contributed to the structure of the bog.
The students had opportunities to tactually explore plant and
animal artifacts such as feathers, seeds, nests, turtle shells and
antlers. They also handled taxidermy specimens of song birds
and other the animals that live in the bog. The guide discussed
the human impact on the bog and the preservation efforts by
concerned citizens. Students walked through the bog on a
raised wooden walkway while the tour guide pointed out
salient features. Camp adults provided navigational assistance
as needed. Students were so interested in the bog animals that
after the walk the guide brought out a few live garter snakes
for the students to handle. Afterwards, students returned to
camp by 4:00 for dinner and evening activities.

Day 5
The instructional period for day 5 lasted from 8:00 a.m.

until 12 noon to allow travel time home for the students.
During the shortened instructional time period, students
reviewed all of the material they had learned during camp. The
director summarized each day through an oral recap of the
trips that were taken and the Earth system curriculum explored
during camp. Her talk highlighted the geologic history of Earth
in general and specific ramifications within the state. Students
were asked to provide examples of the ways they learned that
the Earth was changing, how water had shaped the landscape,
in particular referring to the caves and caverns that the
students explored. They were prompted to review the ways
that the Earth’s systems interact and how living organisms had
altered the Earth’s processes and structures.

After the review, the students worked on an activity to
create a model of the Earth’s rock layers. Students put edible
representations of rock and mineral deposits (cereal, candies,
gummies, etc.) into premixed cake batter and baked the
mixture in the school’s home economics classroom. The
kitchenettes in the classroom are designed to be accessible for
students with visual impairments with tactile knobs on the
ovens and labeled drawers for cooking utensils. While the
cakes baked, students produced a written explanation of what
each edible deposit component in their rock layers repre-
sented. The computer lab at the school was utilized for this
assignment since the computers were already loaded with
accessible software for students with visual impairments.

Also, during the baking time the researchers conducted the
postinstructional interview with individual students.

Materials used throughout the curriculum include Braille
and large print reproductions of written materials from the
U.S. Department of Natural Resources and the Ohio
Department of Natural Resources. These adapted materials
were produced on site at the school. The field locations
visited—Ohio Caverns, Caesar Creek State Park, Cedar Bog
State Park, and the Orton Geologic Museum—each provid-
ed an expert who delivered presentations and guided the
explorations of the students. These experts routinely provide
presentations to the general public on the same topics. The
camp director used published material to teach concepts at
the field locations that did not provide expert guides. Lab
materials utilized at the school included rock and mineral
kits, beakers, audible digital scales, and calculators. Class-
room discussions were supported with a Smart Board, tactile
topographic maps, modeling clay, and small objects to press
into the clay such as seashells. The Earth layer modeling
activity required these supplies: cake batter, cereal, candies,
accessible ovens, and baking utensils. A computer lab with
accessible software was needed by students to write an
explanation of their layering model.

Each lesson presented to the students was aligned to the
Ohio Revised Science Standards and Model Curriculum
(Ohio Department of Education, 2011) and generated from
curriculum resources published by the U.S. Department of
Natural Resources, Army Corps of Engineers, Ohio Depart-
ment of Natural Resources, Division of Geological Survey, as
well as the oral presentations given by experts at the field-
based locations.

The director of the camp commented in an informal
interview that she felt she had accomplished the goals of the
camp. She wanted the students to experience active learning
in an environment outside of their comfort zone. She aspired
for the students to be exposed to field-based geology,
something she felt many students with visual impairments
did not have the opportunity to experience in their home
schools. The director also wanted the students to learn
directly from experts in the field to expand their under-
standing of what scientists really do. Lastly, the director
expected the students to learn geologic concepts that are
embedded in the Science Content Standards.

Data Collection
The data for the project was qualitative in order to allow

for multiple data points and to allow researchers an
opportunity to better understand the knowledge presented
by each student. The data collected by three researchers
included using semistructured pre- and postinstruction
interviews of students; classroom and field-based observa-
tions; and document analysis of field notes. Student
interviews were video recorded and then transcribed.
Classroom instruction was documented through video
recording and written field notes. Attention to the interac-
tion of the camp director and students was noted, especially
student responses to teacher questions and student ques-
tions posed to the teacher/presenters. Field notes also
focused on the presentations of the field experts in order
to compare their presentations to the planned curriculum
and state standards. All data points were used to monitor
student response to instruction, fidelity of the curriculum
implementation, and for triangulation of the data.
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Student Interviews
The semistructured interview centered on five questions

all based upon key middle and high school Earth science
concepts identified in A Framework for K–12 Science Education:
Practices, Cross Cutting Concepts, and Core Idea (National
Research Council, 2012). Preinstructional interviews were
conducted the first day of camp prior to any instruction and a
postinstructional interview on the last day of camp after all
instruction was completed. Each student was asked the same
series of questions in the pre- and postinterviews.

Questions included:

1. How do people reconstruct and date events in Earth’s
planetary history?

2. How and why is the Earth constantly changing?
3. How do the major Earth systems interact?
4. How do the properties and movements of water

shape Earth’s surface and affect its systems?
5. How do living organisms alter Earth’s processes and

structures?

Data Analysis: Constant Comparative Methodology
Constant comparative analysis was utilized to analyze

the data. The constant comparative method includes
multiple steps such as comparison of data within a single
interview to a code framework, comparison of interviews
within the same group to the coded framework, and
comparison of interviews of different groups to the coded
framework (Boeije, 2002). Constant comparative analysis has
been used with other science content research for students
with visual impairments including seasonal change (Wild
and Trundle, 2010b) and sound (Wild et al., 2012). Before
data analysis began, a coding framework was developed
based upon the knowledge presented in the recommended
standards and literature. This served as a ‘‘partial frame-
work’’ for coding (Glasser and Strauss, 1967, p. 45). This
framework provided a starting point for the codes that were
used during data analysis. Creation of the initial categori-
zation of alternative and scientific conceptions was based
upon the Trundle et al. (2002, 2007a, 2007b) system in which
conceptual understandings were divided into six major
categories: scientific understanding, scientific fragments,
scientific with alternative fragments, alternative, alternative
fragments, and no understanding. Alternative fragments
with scientific fragments was later added in order to code
those students’ responses that had more alternative under-
standings than scientific, but still had a few scientific
understandings. Science standards in A Framework for K–12
Science Education: Practices, Cross Cutting Concepts, and Core
Ideas (National Research Council, 2012) were utilized to
determine scientifically accurate responses.

Field notes were analyzed in order to assess fidelity of
the curriculum content and to assess how state standards
were addressed in the curriculum. These notes were also
analyzed to determine if the curriculum met the goals of the
director of the camp.

Trustworthiness
Member checking, triangulation, and interrater reliabil-

ity were all used throughout this study in order to determine
trustworthiness. Member checking, as defined by Seidman
(2006), was used to confirm student answers by asking
probing questions and researchers rephrasing of student

responses in order to assess statements of students who
provided vague or inconsistent answers. These follow-up
questions served to ensure that researchers understood
student answers and properly interpreted student responses.

Triangulation of the data was used to cross-check data
by collecting field notes, student responses to instructional
questions, interview responses, classroom observations, and
analysis of participation. Student responses were found to be
consistent through the triangulation and member checking
methods.

Three researchers worked together to code all of the
data. Each researcher coded the data independently based
upon the established coding rubric. The researchers had 96%
agreement after each student interview was initially coded
and 100% agreement after a short discussion.

STUDENTS’ CATEGORIZED RESPONSES
Scientific

In order for a student’s response to be considered
scientific, students’ answers had to align with the Earth
science content presented in A Framework for K–12 Science
Education: Practices, Cross Cutting Concepts, and Core Ideas
(National Research Council, 2012). Students who responded
with some element listed in the standards were noted and
given credit for a partial scientific understanding as described
by Trundle et al. (2002, 2007a, 2007b). For the first question,
How do people reconstruct and date events in Earth’s
planetary history? students needed to state that people are
able to reconstruct and date events in Earth’s planetary history
through examining rock layering, fossils, erosion and
weathering, ice core patterns, glaciation evidence, and
radioactive decay and isotope content of rocks. For the second
question, How and why is the Earth constantly changing?
students must have described the interaction of the geo-
sphere, hydrosphere, atmosphere and biosphere, energy flow
through the systems, matter recycling, and tectonic plates.
The same answers indicated for question 2 could be used for
question 3: How do the major Earth systems interact? The
fourth question, How do the properties and movement of
water shape Earth’s surface and affect its systems? required
students to describe thermal heat transfer, glaciers, ocean
currents, the water cycle, and water movement in terms of
downhill flow causing major erosion or underground
formations. Students should have also described water’s
capacity to absorb, store, and release large amounts of energy,
transmit sunlight, expand upon freezing, dissolve and
transport materials, and lower the viscosities and melting
points of rocks. The last question asked students, How do
living organisms alter the Earth’s processes and structures?
Responses should have included living organisms alter the
weathering and erosion of landforms, alter the soil compo-
sition, affect the distribution of water in the hydrosphere, and
provide dynamic feedbacks between the biosphere and other
Earth systems.

The following excerpt is from a transcript of the
postinstruction interviews. This small excerpt shows how
the researchers coded scientific understandings of students.
The researcher questions and responses of the students are
given with the code in parentheses.

Researcher: How do people reconstruct and date events in
Earth’s planetary history?
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Student: Well, they reconstruct by fossils (scientific). They,

like, analyze and they do tests on fossils to see how far back in

time scale they went.

Researcher: How do the properties and movement of water

shape Earth’s surface and affect its systems?

Student: Tides and waves when they come up against the

shore they help shape (scientific) . . .

Researcher: Did you see any instances this week that you
could use as an example . . .

Student: When we went to the caverns that used to be, um,
water and it did really well shaping it, it created tunnels (scientific).

Alternative Conceptions
Numerous alternative conceptions existed both in the

preinstruction interviews and the postinstruction interviews

TABLE I: Misconceptions and explanations of geologic concepts by students with visual impairments.

Misconception Explanation No. of Students
Describing Phenomenon in

Preinstruction Interview

No. of Students Describing
Phenomenon in

Postinstruction Interview

People Things that people do can alter Earth’s processes and
structures and they can reconstruct events in Earth’s
planetary history.

7 7

Seasons Seasons are the reason for Earth’s constant change. 4 2

Wobble The Earth moves back and forth and that movement
causes it to constantly change.

1 1

Water pressure Too much water pressure on Earth can cause plates to
move causing floods and tsunamis effecting Earth’s
surface and its systems.

1 0

Tree rings Tree rings are used to date events in Earth’s planetary
history.

1 0

Killing Animals killing other animals can cause the changes
in the major Earth systems and the way they interact.

0 1

Behavior Animal behavior can alter the Earth’s processes and
structures.

0 1

Revolve The revolution of the Earth causes it to constantly
change.

3 2

Rotation The rotation of the Earth causes it to constantly
change.

3 4

Timelines Timelines are used to reconstruct and date events in
Earth’s planetary history.

2 1

Food chain Food chains can alter the Earth’s processes and
structures by eliminating other species.

1 1

Research People find studies or study other studies to
understand the events in Earth’s planetary history.

1 1

Habitat Earth’s major Earth systems are interacting through
interactions of different habitats.

1 1

Museums Museums reconstruct and date events in Earth’s
planetary history.

0 2

Climate change Climate change is causing the Earth to constantly
change.

0 2

Life cycle Stages in lives of animals cause the major systems of
the Earth to interact.

0 1

Finite The amount of erosion that can occur is finite and
therefore can stop water from shaping Earth’s surface
and affecting Earth’s systems.

0 1

Life People provide life to the Earth and can alter Earth’s
processes and structures.

1 1

Water marks Water marks on walls of rocks can tell you about
events in Earth’s planetary history.

0 1

Location Depending on the geographic location on Earth where
water is located depends on the movement and how it
interacts to shape the Earth.

1 0

Weather The Earth is constantly changing due to weather. 1 0
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(see Table I). Alternative concepts are defined as any
conceptual understanding that does not agree with the
scientifically accepted norms (Atwood and Atwood, 1996).
The most common misconceptions were that people were
the agent of change, and also that the revolution and/or
rotation of the Earth caused change through making systems
interact.

An example of a student with an alternative conception
is found below. A transcript of the researcher’s questions
and the answers provided by the student is presented. The
coding of the alternative conception can be found in the
parentheses.

Researcher: How do people reconstruct and date events in
Earth’s planetary history?

Student: Well . . . like if they find studies of, like, things, like,
of the planet and they could, like, just study them (alternative
conception related to research) . . . and if they want to display it
they can put it in a timeline or something (alternative conception
related to timeline).

Researcher: How and why is the Earth constantly changing?
Student: Because the Earth rotates on its axis and space and

Earth orbits the sun so it rotates round the sun, it goes around the
sun and changes time . . . on the axis what happens is it rotates
all around (alternative conception related to rotation and
revolution).

RESULTS
Preinstruction

Prior to instruction, two students had no understanding
of geology and Earth systems (see Table II. Note: All
students are listed with pseudonyms). One student had only
alternative understandings of the concepts presented. Of the
remaining 12 students, 6 students held more alternative
understandings than scientific understandings, and 5 stu-
dents held more scientific understandings than alternative
understandings. One student held only scientific fragmented
understandings. The misconceptions held by students
included (1) people alter the Earth’s process and structures
and can reconstruct events in Earth’s planetary history, (2)
seasons cause the Earth to constantly change, (3) the Earth’s
movement causes change, (4) too much water pressure on
Earth can affect the Earth’s surface and systems, (5) tree
rings are used to date events in Earth’s planetary history, (6)
revolution and rotation of the Earth causes change, (7)
timelines are used to reconstruct and date events, (8) food
chains can alter the Earth’s processes and structures, (9)
people rely on research to understand the planetary history,

(10) weather causes the Earth to constantly change, (11)
people provide life to the Earth and can alter the Earth’s
processes and structures, (12) habitats cause interactions of
Earth’s systems, and (13) depending on the geographic
location on Earth where water is located depends on the
movement and how it interacts to shape the Earth.

Postinstruction
After participation in the curriculum the majority of the

students, 11 of the 15 total students, held some scientific
understandings with some remaining alternative under-
standings. One student held fragmented scientific under-
standings only and the remaining students had more
alternative understandings than scientific understandings.
The misconceptions held by students after instruction
include (1) water marks on walls of rocks tell you about
events in Earth’s planetary history, (2) people provide life to
the Earth and can alter the Earth’s processes and structures,
(3) the amount of erosion can affect Earth’s systems, (4) life
cycles of animals cause systems of Earth to interact, (5)
climate change is causing the Earth to change, (6) museums
reconstruct and date events in Earth’s planetary history, (7)
habitats cause interactions of Earth’s systems, (8) people
alter the Earth’s process and structures and can reconstruct
events in Earth’s planetary history, (9) people find studies or
study other work to understand Earth’s planetary history,
(10) seasons cause the Earth to constantly change, (11) the
Earth’s movement causes change, (12) revolution and
rotation of the Earth causes change, (13) timelines are used
to reconstruct and date events, (14) food chains can alter the
Earth’s processes and structures, (15) people rely on research
to understand the planetary history, (16) animals killing
other animals can cause changes on Earth, and (17) animal
behavior can alter Earth’s processes and structures. See
Table III for specific pre- and posttest results for each
student.

TABLE II: Conceptual understanding pre- and postinstruction.

Category Preinstruction Postinstruction

Scientific 0 0

Scientific fragments 1 1

Scientific with alternative
fragments

6 11

Alternative 0 0

Alternative fragments 1 0

Alternative fragments
with scientific fragments

5 3

No understanding 2 0

TABLE III: Pre- and posttest results by student.

Name Preinstruction
No. of Scientific
Understandings

Postinstruction
No. of Scientific
Understandings

Brad 2 6

Ross 4 6

Brittany 4 7

Bob 5 8

Caden 0 4

Erica 0 3

Hayden 1 6

Jaimie 4 9

Kyra 2 5

Laura 8 6

Sarah 1 3

Simon 3 11

Tara 0 1

Tyson 1 3

Roger 1 4
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CONCLUSION
Students arrived at camp burdened by more alternative

understandings of Earth science than scientific. We attribute
those misunderstandings to a lack of intentional instructional
experience in Earth science. Even though the participants
were middle school and high school aged, they showed little
evidence of using geologic reasoning to connect field
observations to the big concepts of geology. One week of
inquiry-based lessons was not enough support or time for
the students to apply new learning to their existing
knowledge and reorganize their understanding to become
wholly scientific. We observed an increase in scientific
responses, however, they were held simultaneously with
the alternative concepts. This duality of understanding may
be a preliminary stage to be resolved later after additional
school-based experiences. We anticipate that the rich
sensory experiences and interpretations of them by content
experts during the informal environment of a summer camp
will benefit the students when they receive further formal
classroom instruction. It appears that the curriculum met the
goals of the camp director as well as provided instruction
based upon the state and national science standards.
However, not all standards were covered in this curriculum.
Participation in the curriculum lead to an overall increase in
scientific understandings but appeared to have not helped
students with their alternative understandings.

LIMITATIONS
This study focused on a group of students with visual

impairments who completed a field-based curriculum during
a week of camp focused on concepts of geology. The
students represented a variety of grade levels from diverse
locations throughout the state and therefore may not
represent the larger population of students with visual
impairments. Due to stipulations in the approved research
protocol, specific data relating to additional disabilities, eye
conditions, and academic performance were unable to be
collected. This may limit the interpretation of the instruction
techniques used and its impact on students’ postinstruction
understandings. Due to a lack of randomization, we cannot
account for additional factors that may have contributed to
the students’ conceptual change. Therefore, the results
cannot be confidently generalized.

Prior to the research study, researchers could not be
completely aware of the instruction that was to be presented to
the students due the reliance on field experts. The researchers
had no way of knowing the exact content the field experts
would deliver upon arrival at various locations. Researchers
were only told of the type of content that would be delivered.
Therefore, not all of the mandated science curriculum
standards were delivered to students and could have contrib-
uted to the lack of scientific answers provided by the students.

IMPLICATIONS AND RECOMMENDATIONS
Students in this study struggled with conceptual under-

standing of geologic concepts (Libarkin, 2005; Riebick and
Gautier, 2005; Salierno et al., 2005; Shepardson et al., 2005;
Sibley, 2005), specifically that of the Sun–Earth relationship
contributing to geologic change similar to their sighted peers
(Salierno et al., 2005) and as documented in previous

research with students with visual impairments (Wild and
Trundle, 2010b). However, these students exhibited some
unique misconceptions unrelated to any current research.
Those misconceptions include (1) people contributing to
Earth’s processes; (2) water pressure causing tectonic plates
to move; (3) using tree rings to date planetary history; (4)
behaviors of animals, such as animals killing other animals,
causing changes in Earth’s systems; (5) using research and
museums as a way to reconstruct and date Earth’s planetary
history; (6) climate change causing constant change on Earth;
(7) life cycles causing Earth’s systems to interact; (8) a finite
amount of erosion interacting with water to shape and affect
Earth; (9) water marks tell about events in Earth’s history; and
(10) location of water depending on interactions on Earth.
These misconceptions support the research findings of
previous research in that students with visual impairments
can have unique misconceptions of scientific concepts not
documented with sighted peers (Jones et al., 2008; Wild and
Trundle, 2010a, 2010b; Wild et al., 2012).

One week of instruction on these geologic concepts did
not provide the support or time needed for students, who
attended the camp with different educational experiences in
geology, to apply new learning to any existing knowledge
they may have had and be able to reorganize their
understanding into a scientifically accurate understanding
defined by state and national standards. The knowledge and
field experiences from this camp should be used and further
built upon in formal school-based education environments.

This camp utilized the support of veteran teachers, the
directors of the camp, and teacher interns. The interns
provided necessary support in orienting the students to the
various field-based settings, providing hand-over-hand
assistance to materials explored, and providing guided
assistance in difficult terrain. Without the support of the
interns it would have been nearly impossible for full
participation in the camp by all students.

In order to ensure that all students are learning scientific
concepts accurately, future research should be conducted on
teaching methodologies to help students overcome these
misconceptions in geoscience education. Field-based work
and formal education experiences together should be
examined in the future to determine the effectiveness of
teaching geologic concepts. Additional inquiry-based geo-
science curricula should be researched, as inquiry-based
methodologies have been shown to be beneficial to students
with visual impairments in the past (Erwin et al., 2001; Wild
and Trundle, 2010a, 2010b; Wild et al., 2012).

REFERENCES
Asher, Pranoti. 2001. Teaching an introductory physical science

geology course to a student with visual impairment. Journal of
Geosciences Education, 49(2):166–169.

Atwood, R.K., and Atwood, V.A. 1996. Preservice elementary
teachers’ conceptions of the causes of seasons. Journal of
Research in Science Teaching, 33:553–563.

Boeije, H. 2002. A purposeful approach to the constant comparative
method in the analysis of qualitative interviews. Quality and
Quantity, 36:391–409.

Dion, M., Hoffman, K., and Matter, A. 2000. Teacher’s manual for
adapting science experiments for blind and visually impaired
students. Available at http://www.tsbvi.edu/attachments/
1877_Manual2.doc (accessed 7 October 2004).

Erwin, E., Perkins, T., Ayala, J., Fine, M., and Rubin, E. 2001. ‘‘You

J. Geosci. Educ. 61, 222–230 (2013) Geologic Conceptual Understanding by Students with Visual Impairments 229



don’t have to be sighted to be a scientist do you?’’ Issues and
outcomes in science education. Journal of Visual Impairment &
Blindness, 95(6):338–352.

Glasser, B.G., and Strauss, A.L. 1967. The discovery of grounded
theory: Strategies for qualitative research. Chicago, IL: Aldine.

Hadary, D., and Cohen, S. (1978). Laboratory science and art for
blind, deaf, and emotionally disturbed children. Baltimore,
MD: University Park Press.

Hoffman, M., and Barstow, D. 2007. Revolutionizing Earth system
science education for the 21st century: Report and recommen-
dations from a 50-state analysis of Earth science education
standards. Cambridge, MA: TERC Center for Earth and Space
Science Education.

Jones, M.G., Minogue, J., Oppewal, T., Cook, M.P., and Broadwell,
B. 2006. Visualizing without vision at the microscale: Students
with visual impairments explore cells with touch. Journal of
Science Education and Technology, 15(5):345–351.

Jones, M.G., Taylor, A., and Broadwell, B. 2008. Concepts of scales
held by students with visual impairments. Journal of Research in
Science Teaching, 43(10):1061–1085.

Koenig, A.J., and Holbrook, M.C., eds. 2000. Foundations of
education, 2nd ed., vol. 2: Instructional strategies for teaching
children and youths with visual impairments. New York:
American Foundation for the Blind Press.

Kumar, D., Ramassamy, R., and Stefanich, G. 2001. Science for
students with visual impairments: Teaching suggestions and
policy implication for secondary learners. [Electronic version].
Electronic Journal of Science Education, 5:1–9.

Lewis, E.B., and Baker, D.R. 2010. A call for a new geoscience
education research agenda. Journal of Research in Science
Teaching, 47(2):121–129.

Libarkin, J.C. 2005. Conceptions, cognition, and change: Student
thinking about the Earth. Journal of Geoscience Education,
53(4):342.

Linn, M., and Peterson, R. 1973. The effect of direct experience with
objects on middle class, culturally diverse, and visually
impaired young children. Journal of Research in Science
Teaching, 10(1):83–90.

Linn, M., and Their, H. 1975. Adapting science material for the
blind (ASMB): Expectation for student outcomes. Science
Education, 59(2):237–246.

Long, N. 1973. Science curriculum improvement study (SCIS): Its
effect on concept development and manipulative skills in
visually handicapped children [Ph.D. dissertation]. Berkeley,
CA: University of California.

Melber, L., and Brown, K. 2008. ‘‘Not like a regular science class’’:
Informal science education for students with disabilities. The
Clearing House, 82(1):35–39.

National Research Council. 2012. A framework for K-12 science
education: Practices, crosscutting concepts, and core ideas.
Washington, DC: National Academies Press.

Ohio Department of Education. 2011. Ohio revised science
standards and model curriculum grades pre-K through eight.
Columbus, OH: State Board of Education.

Penrod, W.M., Haley, C.D., and Matheson, L.P. 2005. A model for
improving science teaching for students with visual impair-
ments. RE: view, 37(2):53–58.

Rieback, S., and Gautier, C. 2005. Concept mapping to reveal prior
knowledge and conceptual change in a mock summit course
on global climate change. Journal of Geoscience Education,
53(4):355–356.

Rule, A. 2011. Tactile Earth and space science materials for students

with visual impairments: Contours, craters, asteroids, and
features of Mars. Journal of Geoscience Education, 59:205–218.

Rye, J., Selmer, S., Pennington, S., Vanhorn, L., Fox, S., and Kane,
S. 2012. Elementary school garden programs enhance science
education for all learners. Teaching Exceptional Children,
44(6):58–65.

Sahin, M., and Yorek, N. 2009. Teaching science to visually
impaired students: A small-scale qualitative study. U.S.–China
Education Review, 6(4):19–26.

Salierno, C., Edelson, D., and Sherin, B. 2005. The development of
student conception of the Earth–Sun relationship in an
inquiry-based classroom. Journal of Geoscience Education,
53(4):422–431.

Seidman, I. 2006. Interviewing as qualitative research: A guide for
researchers in education and the social sciences, 3rd ed. New
York: Teachers College Press.

Shepardson, D., Harbor, J., and Wee, B. 2005. Water towers, pump
houses, and mountain streams: Students’ ideas about water-
sheds. Journal of Geoscience Education, 53(4):381–386.

Sibley, D.F. 2005. Visual abilities and misconceptions about plate
tectonics. Journal of Geoscience Education, 53(4):471–477.

Struve, N., Their, H., Hadary, D., and Linn, M. 1975. The effect of
an experiential science curriculum for the visually impaired on
course objectives and manipulative skills. Education of the
Visually Handicapped, 7(1):9–14.

Travis, J. 1990. Geology and the visually impaired student. Journal of
Geological Education, 38:41–49.

Trundle, K., Atwood, R., and Christopher, J. 2002. Preservice
elementary teachers’ conception of moon phases before and
after instruction. Journal of Research in Science Teaching,
39(7):633–658.

Trundle, K., Atwood, R., and Christopher, J. 2007a. Fourth-grade
elementary students’ conceptions of standards-based lunar
concepts. International Journal of Science Education, 29(5):595–616.

Trundle, K., Atwood, R., and Christopher, J. 2007b. A longitudinal
study of conceptual change: Preservice elementary teachers’
conceptions of moon phases. International Journal of Research in
Science Teaching, 44(2):303–326.

U.S. Department of Education. 2011. Digest of educational statistics
(NCES 20011-015). Washington, DC: National Center for
Education Statistics.

Waskoskie, W. 1980. Teaching biology concepts to blind college-
level students through audio-tutorial-self-instruct laboratory
experiences [Ph.D. dissertation]. Pittsburgh, PA: University of
Pittsburgh.

Wild, T., Hobson, S., and Hilson, M. 2012. ‘‘Conceptual under-
standings of sound by elementary students with visual
impairments.’’ Paper presented at the annual international
meeting of the Association for Science Teacher Educators,
Clearwater, FL.

Wild, T., and Trundle, K. 2010a. Talking turkey: Teaching about
America’s greatest conservation story with children with visual
impairments. Journal of Visual Impairment & Blindness,
104(4):198–201.

Wild, T., and Trundle, K. 2010b. Conceptual understandings of
seasonal change by middle school students with visual
impairments. Journal of Visual Impairment & Blindness,
104(2):107–108.

Willoughby, D., and Duffy, S. 1989. Handbook for itinerant and
resource teachers of blind and visually impaired students.
Baltimore, MD: National Federation of the Blind.

230 Wild et al. J. Geosci. Educ. 61, 222–230 (2013)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


