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Abstract

Scientific concepts are not the onJy content learned in the science classroom.
Students cannot learn science with out literacy skills. The study involved the
implementation of literacy strategies in a high school chemistry classroom. The
strategies involved reading, writing, listening, and speaking activities. Students were
asked to draw from their prior knowledge and possible misconceptions of reality when
considering new content. The use of the ljteracy strategies in the science classroom
promoted original thought amongst the students and supported group and class
discussions. Students were fully engaged and they actively participated in the activities.
As a result students were consistently using newly acquired science vocabulary in
conversations, when asking questions and within their writing, clearly demonstrating the
success of the literacy strategies.
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An Experimental Investigation of Literacy in a Secondary Education Science Classroom

Scientific concepts are applied to ones life on a daily basis. The job of a teacher
of science is to open young minds to the fact that they cannot escape science. The
classroom setting is an extremely narrow and localized version of real-life. Knowledge,
understanding and skills that are presented in the science classroom need to be applicable
to the world beyond the classroom doors if students are expected to be successful in
society.
Scientific concepts are not the only content learned in the science classroom.
Students cannot learn science with out literacy skills. Students are constantly asked to
read, write, listen, and speak in their science class. Learning will not be meaningful
unless students have the skills and know how to interpret and process new information.
Most of science is new to students. To truly learn the new material students need to make
connections to what they already know or what they think they know.

In this experimental investigation the impact ofliteracy in science will be
explored through consideration of the literature and action research in a secondary
education chemistry classroom. The research will address the use of literacy-building
activities among high school students. The purpose of the literacy strategies is to prepare
students for the scientifically literate society they live in and develop their understanding
of chemistry. The research will include approximately 50 students from the age of 15 to
18. The implementation ofliteracy strategies will involve students in reading, writing,
Listening, and speaking activities. Societal issues will also be taken into consideration.
Students will be asked to draw from their prior knowledge and possible misconceptions

Investigating Scientific Literacy
of reality. If the incrn~e<l use lileracy strategies in a chemistry classroom correlate to
scientific understanding then students will show greater chemistry knowledge at the end
of the study. Students will be able to display their understanding through writing and
speaking tasks. As they do so they will be able to relate to texts of interest and the
interests of the society beyond the classroom.
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Literature Review
This literature review will explore the meaning of scientific literacy and the
importance of scientific literacy. Teachers today need to provide their students with
knowledge and skills to become scientifically literate outside the classroom setting
(Koballa, Kemp & Evans, 1997). Scientific literacy does not necessarily begin or end in
the classroom, "Scientific literacy is a lifelong pursuit." Literacy is important in the
science classroom because "All students must become scientifically literate if they are to
function in tomorrow's society" (Koballa, et al., 1997, p. 27). For students to be
successful today in school and tomorrow in society they will need strategies to help them
along the way. This review of the literature will show that literacy can be implemented
though reading, writing, listening, speaking and through societal issues used in classroom
instruction. Strategies to build literacy skills in science will also be presented.
Scientific Literacy

In the literature many definitions and descriptions emerged for scientific literacy.
Cobern, Gibson and Underwood (1 995) described scientific literacy as the application of
scientific concepts to everyday situations. Similarly, Blanken (2003, p. 89) explained
that "a person is scientifically literate if they can deal with scientific issues in daily life."
Scientific literacy was described as the ability to ask, find, and determine answers to
questions based on curiosities (Ebbers, 2002). Similarly literacy in science was described
as the coming together of inquiry, process, and communication skills (Saul, 2004). To
use scientific literacy, is to use the ability to predict, describe, and explain natural
phenomena. Reading and speaking are also parts of scientific literacy. To read with
understanding and to engage in conversations around a particular topic is incorporating
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common literacy skills (Ebbers, 2002). As summarized in Figure 1 on page 10, Cobern
and colleagues described scientific literacy ranging from familiarities within the natural
world to using scientific knowledge for individual and cultural purposes (Cobern, et al.,
1995).
Scientific literacy could be considered on a continuum from illiterate - cannot
recognize how words and issues as related to science, to having an exceptional
proficiency - the ability to analyze, evaluate and critique science materials recognizing
that science cannot be separated from society (Koballa, et al., 1997; Osborne, 2002). Due
to the continuum ofliteracy, scientific literacy is complex and dynamic in nature, and is
not easily defined or mastered (Koballa, et al., 1997). Literacy' s complexity was also
supported by M. Ebbers who described science knowledge as dynamic and tentative
(2002). Because scientific literacy is not easily mastered, when teaching science, literacy
is "not a characteristic that students acquire automatically by successfully completing
several science classes" (Cobern, et al., 1995, p. 28). Even though scientific literacy is
not something easily acquired, it is a focus of school science (Bybee, 1995). For literacy
to be an attainable goal of science it "must be understood as a community practice"
(Roberts, 2005, p. 3). According to Robert Bybee (1997) for the achievement of
scientific literacy there has to be consideration given to the purpose, policies, programs
and practices in schools that support the literacy effort. Osborne (2002, p. 208) described
support for literacy differently yet still touched on the same idea: the "central goal of
science education is to help students to use the languages of science and to construct and
interpret meaning." Students have to develop their abilities to read and write in science
courses. Reading and writing are crucial skills needed to develop scientific literacy
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(Metz, 2006). Osborne (2002, p. 215) referred to literacy in the sense that "literacy is not
an additional element but an essential constitutive practice of science."
Scientific literacy is not just another item on a checklist; it is a process that takes
time to develop and mature, "developing literacy is an ongoing process" (Czemeda,
2006, p. 41 ). Literacy is so important to science because " the root of deep understanding
of science concepts and scientific processes is the ability to use language to form ideas,
theorize, research, share and debate with others and .. . communicate clearly to different
audiences" (Worth, Moriarty & Winokur, 2004, p. 36).
Importance ofLiteracy in Science

According to El-Hindi (2003, p. 536), "true science learning depends on students'
having the opportunity to own the discourse in the classroom, pose questions, articulate
their observations , and disseminate their findings." Students can truly learn science
through scientific literacy. In the science classroom learning is shared through reading,
writing, listening and speaking (Schmidt, Gillin, Zollo & Stone, 2002). There is no
science without reading, writing, speaking; without literacy (Osborne, 2002). Worth and
colleagues (2004, p. 36) stated that "scientific and literacy processes develop
simultaneously because science process skills have literacy counterparts." This
conception of literacy and science together is supported by others as well. Metz (2006, p.
8) acknowledged that "to be truly literate, today's students need to understand a complex
mix of visual, oral, electronic, and print media." Language barriers hinder our students
from succeeding in the scientifically literate world (Watts, 2003). Many science terms
are concepts or phenomena that are entirely new to students (Groves, 1995). In
agreement, Osborne stated (2002, p. 212), "science cannot be understood without an
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Figure 1. Range of Scientific Literacy (Cobern, et al., 1995, p. 30).

1. Being familiar with the natural world.
2. Recognizing both is diversity and unity.
3. Understanding key concepts and principles.
4. Understanding ways in which science, math and technology depend on
each other.
5. Knowing that science, math and technology are human enterprises with
strengths and weaknesses.
6. Having a capacity for scientific ways of thinking.
7. Using sdentific knowledge and ways of thinking for individual and
social purposes.

Figure 2. Literacy Skills for Expository Texts (Worth, et al., 2004, p. 39).

•

Identifying text features (index, glossary, table of contents, design of
the page, relationship between photographs and captions, etc.)

•

Skimming

•

Identifying important ideas and words

•

Making inferences
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exploration of its language." Schmidt and others (2002, p. 29) stated that "thought and
language are intrinsically related." Science facts will lose their power without a broad
:framework of knowledge, which in many cases is a lack of sufficient language use in
science. As a result, students need to be engaged in ways that lead to conceptual
understanding (Pasley, Weiss, Shimkus & Smith, 2004).
To develop science literacy skills students must to be actively engaged in their
learning (Pasley, et al., 2004). Students need to be motivated to participate in discovering
and reasoning activities in which they strive to explain phenomena to themselves and
others (Townsend, Boca & Owens, 2003). Ongoing and purposeful interactions and
explorations in science lead to increased understanding of science (Pasley, et al., 2004;
Schmidt, et al., 2002). According to the literature scientific literacy was teamed with
inquiry learning (Creech & Hale, 2006; Osborne, 2002; Pasley, et al., 2004; Schmidt, et
al., 2002). In inquiry learning students need to ''use current knowledge, concepts and
skills to illuminate new problems" (Pasley, et al., 2004, p. 1). Inquiry learning leads to
increased understanding and builds literacy skills (Schmidt, et al., 2002). Through inquiry
students use critical thinking skills to explore and learn that they cannot base claims for
truth on observations alone (Osborne, 2002). Inquiry learning promotes sharing of
information, learning from others and learning from mistakes (Schmidt, et al., 2002,
Varelas, et al., 2001). Students learn that they can manipulate the material world through
reading, writing and communicating the science (Osborne, 2002). The ambiguity of
inquiry learning situations simulates real-life - making choices and having options down
multiple pathways (Pasley, et al., 2004). Yore and colleagues (2004, p. 348) stated it is
necessary to communicate about " inquiries, procedures and science understandings to
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other people" within and away from the classroom so that one can ..make informed
decisions and take informed actions." When learners are able to relate new information
the prior knowledge through inquiry activities, the understanding developed is
meaningful and useful in the classroom and in society beyond the classroom (Pasley, et
al., 2004).
Inquiry supports scientific literacy which strengthens science learning. Whether
in the classroom or not students need to effectively communicate what they know and are
able to do. Knowledge and understanding can be discovered through inquiry learning
and expressed in a form of scientific inquiry; reading, writing, and speaking. To truly
learn science students need to learn the language, which is more than just words (Their,
2002). The "words only have value only if used as referents or to represent meaning"
(Osborne, 2002, p. 212). Students that develop conceptual understandings of science
know more than merely the words. This is accomplished through scientific literacy
(Their, 2002).
Incorporating Literacy in Science

As previously discussed, "scientific and literacy processes develop
simultaneously because science process skills have literacy counterparts." (Worth, et al.,
2004, p. 36). The literacy skills used in the classroom lead to students' expansion of
science understanding. Besides just knowing and understanding students must be able to
communicate the information they have learned to others (Their, 2002). The science
concepts students express through scientific literacy in the classroom will help them
outside the classroom as they are influenced by everyday science (Osborne, 2002).
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Literacy through Reading
According to Ludstrom (2005, p. 60) '·science immerses children in content that is
so interesting and important to them that they want to learn about it, which motivates
them to read." What needs to be understood about science literacy is that "it is not a
fixed object; people are not good readers or nonreaders, but evolving readers" (Creech &
Hale, 2006, p. 24). Reading is a dynamic process; it is an active problem solving process
(Creech & Hale, 2006). Reading is significant to learning science and science is
significant to the learning of reading. Though there are other parts to scientific literacy,
one must be able to read and gather knowledge from reading (Ludstrom, 2005). When
considering reading in the science content, tapping into student interest areas encourages
student engagement. When students are engaged they learn. Furthermore, if students
participate in conversations involving science and literacy skills they start to see
themselves as successful readers (Creech & Hale, 2006).
E l-Hindi (2003, p. 536) stated that "reading both fiction and nonfiction goes a
long way to support science learning in the classroom." Nonfiction science materials
include expository texts and trade books. Trade books are descriptions of scientific field
work. Inquiry, curriculum and more importantly, literacy goals are supported by trade
books (Isaacs, 2005). To read expository texts, most commonly textbooks, students
require certain skills. Io Figure 2 on page 10 important literacy skills used for reading
expository texts are presented. These are characteristics of good readers of expository
texts as well as other texts (Worth,, et al., 2004). Worth and others (p. 36) also stated that
"to read deeply, students m ust learn to spot key ideas as they read, distinguish the
important from the interesting, and link new information to what they already know."
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Fiction texts or narrative texts could include but are not limited to legends, poems,
and the science fiction genre (Czemeda, 2006; Loranger, 1999; Ludstrom, 2005). On the
surface narrative texts may seem irrelevant to expanding on science knowledge and
understanding but they help students become scientifically literate. With regard to
science fiction, (Czemeda, 2006, p. 42) students "develop the flexibility of thought and
reasoned imagination they will need to succeed in our society." Using fiction in the
science classroom will promote critical thinking and analysis skills (Czerneda, 2006).
No matter the text, students who enjoy science will read science (Creech & Hale,
2006). What teachers and students need to understand is that all scientific discoveries
started with inquiry in which literacy passed the results on. Worth and colleagues
supported "Scientists read related literature before they embark on investigations of
interesting phenomena" (2004, p. 36). As stated previously, "the ability to communicate
through writing and reading is a crucial skill for developing scientific literacy" (Metz,
2006, p. 8).
Literacy through Writing

Along with reading related literature, scientists are continuously writing. They
document what they think and do - science journals and notebooks, record experiments
in detail so others can follow and repeat the investigations to reproduce desired results,
and once experimentation is sufficient, investigative results and conclusions are typically
written (Worth, et al., 2004).
Writing exists in conjunction with reading in science. From reading sources
students can formulate questions, and create investigations to explore their questions, and
use inquiry to guide their learning. As students question, create and explore choices are
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provided that will motivate and empower them (Ludstrom, 2005). A suggestion from
Ludstrom (2005, p. 60); students should "write, write, write every day." This can be
accomplished by using science notebooks for notes, procedural writing, graphs, and
charts. Beyond notebooks students could write expository text such as a lab report in
which they have found information, interpreted it, and synthesized it (Worth, et al.,
2004). For a different genre of writing, students can write poems, science fiction stories
or other fictitious yet scientific stories such as a RAFT; role, audience, format, topic
(Czemeda, 2006; Loranger, 1999). Non-expository forms of writing builds science
understanding though creativity and imagination, students "work through different points
of view in a meaningful way - they start telling stories ... about science" (Czerneda,
2006, p. 42)
Worth and colleagues (2004, p. 37) stated that "to write well students must know
the purpose of their writing; choose an audience; organize ideas; choose a genre; choose
words and style to match the intended genre; determine structure, format, organization
and text features; and publish." All students learn differently, providing options in
writing assignments will motivate students to demonstrate their understanding. The
thoughts that students express through their writing is enhanced by collaboration which
deepens knowledge and builds skills in listening and speaking (Ludstrom, 2005).

Literacy through Listening and Speaking
As discussed previously, Worth and others (2004, p. 36) support the claim that
literacy requires "accurate and effective communication" (Metz, 2006; Saul, 2004).
Students make meaning by "writing science, talking science, and reading science"
(Worth, et al., 2004, p. 36). Students need to be able to express their thoughts through
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discussion and debate with others. Worth and colleagues continued on, one of the
foundations of literacy is oral language (2004). According to Yore and colleagues (2004,
p. 348) the " regular use of effective argument and small group discussion enhances
cognitive and affective outcomes." In agreement with Yore and colleagues (2004),
Worth and colleagues (2004) discussed engagement in terms of listening and speaking
and how it creates understanding as students are encouraged to discuss their findings and
what they have learned to small groups.
Just as scientists present their ideas through writing and speaking, backed by
evidence, to be critiqued, students too need to do the same (Worth, et al., 2004). The
speaking and listening in science was referred to as "science talking" (El-Hindi, 2003,
p. 536) and "accountable talk" (Worth, et al., 2004, p. 38). Science talking is "calling
students' attention to the use of specialized language as a means of understanding science
by expressing relationships between concepts and communicating ideas to one another"
(El-Hindi, 2003, p. 536). Worth and colleagues (2004) explained that accountable talk is
a sequence of serious responses and further developments of what others say in a group
which shows good critical thinking and reasoning skills. Whether accountable talk or
science talking, students need to have discussions around what they know or what they
think they know. As students discuss science they learn to listen to others, interpret
meaning of others' words, and as the discussions continue, students use detailed,
meaningful, and clear language to express their own ideas (Worth, et al., 2004).
As with any form of literacy students need guidance to be successful. Students
need modeling of appropriate discussion forms. Some examples of discussion forms
include think aloud, single focus talk, and interpreting others' statements (Worth, et al.,
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2004). Discussions in science are more beneficial when they are linked to the world
outside the classroom.
Literacy through Societal Issues

What happens in society is not necessarily an issue in a negative sense, it may not
be positive either. As the need for science literacy grows, more and more societal issues
are being brought into the classroom (MacKinnon, 1997). According to Cobern and
others (1995, p. 28) "students are not necessarily taught how to relate academia to their
outside lives."
In today's society there are many forms of communication that students are

required to gather information from. As stated previously, "to be truly literate, today's
students need to understand a complex mix of visual, oral, electronic, and print media"
(Metz, 2006, p. 8). One example of science in society that students may not be aware of
is science fiction, it is very popular when movies are considered. Students need to be
able to look at a movie or other media and work through multiple points of view in
meaningful ways (Czerneda, 2006). Czemeda continued (2006, p. 39) "science fiction
has so much more to offer in terms of good science and how science works, while at the
same time addressing the basics of literacy." Students are forced to interpret, analyze and
critique the science they see in society. Less and less inferring and evaluating is
occurring as supported by El-Hindi (2003, p. 538), "The vast majority of our students
today are learning very little science ... they're taught to memorize some facts and
vocabulary but almost never to connect the knowledge into a coherent picture of how the
world works and how we've come to know it."
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As described by Barton and Jordan (2001, p. 39) " In classrooms where science
literacy is the goal, teachers plan learning experiences that help students construct
meaning rather than simple tasks." Learning experiences are more beneficial when
students are provided with opportunities to "apply text concepts to everyday phenomena"
(Barton & Jordan, 2001, p. 43). Meaningful learning experiences are important because
society today needs to be scientifically literate so that they can deal with scientific issues
in daily life {Varelas, et al., 2001 ). Scientific concepts need to be applied to everyday
situations (Metz, 2006). El-Hincli (2003, p. 538) stated that "connecting knowledge is an
important part of learning which can be supported through literacy practices." Whether
developing reading skills or other literacy skills, students need to be involved in learning
experiences that are more effective, more meaningful and more lasting for success in
today's society (Daniels & Zemelman, 2004). Building literacy skills around societal
issues is important because, according to Comer, "In order for a truly democratic and
economically sound society to be maintained, young people must have access to the best
knowledge available so that they can understand the issues, express their viewpoints, and
act accordingly" (Hirsch, Willingham & Neuman, 2006, p.7).
Strategies to Build Literacy Skills in Science
Scientific literacy is not an attribute students attain just by attending science
classes; it is a dynamic ongoing process (Koballa, et al., 1997). Incorporating literacy
building skills bridges the gaps in science knowledge and society (El-Hindi, 2003). To
succeed in the classroom and in the outside world, Loranger (1999, p. 239) stated that
"students will need a high proficiency in reading and writing." According to Meichtry
(1992, p. 437) scientific literacy in society can be viewed as "acquisitions of fundamental
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science concepts, process, and problem-solving skills, and informed attitudes about
science.,. Jones & Thomas (2006, p. 58) stated that comprehension ·'depends on the
effective integration of appropriate ways of thinking and the appropriate degree of
scaffolding by the teacher to support students' attainment of the intended intellectual
outcomes."
The next part of this literature review will address multiple literacy strategies that
can be used with students to reinforce practices in laboratories, reading, writing, listening
and speaking, and using societal issues. The strategies presented help students to gain
scientific knowledge and develop understanding of science and literacy alike.
The Learning Cy cle -An Approach to Laboratory Instruction
The learning cycle is a multifaceted approach to lab experiences. Meichtry ( 1992,
p. 437) explained that 1ab experiences "sequence learning from concrete to abstract and
provides opportunities for students to be actively involved in inquiry-based activities
which emphasize the use of thinking skills, small group learning, and communication
skills." The learning cycle approach to lab experiences helps students develop an
understanding of new content through three phases: concept exploration, concept
introduction, and concept application. The following is a description of each. Refer to
Figure 3 on page 21 for an example with a Stream Study (Meichtry, 1992).
Phase 1 is called Concept Exploration. During the first phase of the le.a.ming
cycle students are directly involved in activities in which they explore with a new science
concept. The desired outcome is for students to learn as a result of the actions they take
and their reactions to different objects and events.
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Phase 2 is called Concept Introduction. During the introduction phase students
are encouraged to participate in a discussion around their observations an inferences
made in the exploration phase. The teacher helps the students to make meaning from
what they saw and did in their explorations.
Phase 3 is called Concept Application. Once the students have an understanding
of the learning that took place in the first two phases they are asked to apply what they
have learned to new situations. Student interactions with each other and the teacher help
them "apply a new pattern ofreasoning to their experiences" (Meichtry, 1992, p. 438).
Throughout this process students are asked to collaborate with class members and
the teacher. Through collaboration students develop cooperative skills, a sense of
acceptance, increased verbalization skills, production of more and better ideas, increased
motivation, positive attjtudes, and most importantly, an increased responsibility for their
own learning (Meichtry, 1992).
Reading Strategies
As referred to previously by M. Ludstrorn (2005, p. 60), "not only is reading
critical to the learning of science, science is critical to the learning of reading." Reading
is not a passive activity though it may seem so at first; reading is an active problemsolving process (Creech & Hale, 2006). Because of this students need to be equipped
with strategies to help them comprehend what they are reading, whether expository or
narrative texts (Loranger, 1999).
HEART is a reading and study strategy to help students make meaning of what
they read. As students read they need to do the following to be successful: H - determine
how much they already know about the topic, E - establish a purpose for reading or
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Figure 3. The Leaming Cycle - Stream Study (Meichtry, 1992, p. 438).
Concept Exploration Phase
Materials robe provided for each group of 3-5 students:
cake pan 3/4 full of sand
plastic c up with small holes in bou.on
water
empty pail
Activity
Each group of s LUdem.s is given the following instructions:
1. Shape lhc sand in lllc cake pan into diffcrcnt land
contours and prop one end of the cake pan on a s tack of 34
books.
2. Hold the cup about o ne f 001 above the highest end of the
cake pan and slowly fill the cup with water.
3. When the cup of water has emptied into the cake pan.
record your observations.
4. Slowly add one more cap of water and record your
observations.
5. Pour excess water in I.he lowcsLcnd o fthecalcc pan into
the pail.

Concept Introduction Phase
1. Each group is asked to share their observations ofevents
which occurred during steps 3-4 o f the exploration phase.
2. Thro ug h a discussion and syn thes is of s tudent
observations, the concepts runoff, stream, channel, s lope, and
tributary are deduced by students.
3. Using the stream table as a dcmons trat.ion LOOI, lhe
teacher defines each concepl. Furthe r instruction is provided
through the use o f overhc:Ws and geographical maps.
4. EacbstudentdiagramsthclandconLOUrs,sttcamchannel ,
a nd an y Lnbutaties lhat formed in their group's cake pan model.

Concept Application Phase
I. Working in the same groups.students repeat Slcps 14 o f
the exploraiton phase. using only o ne book to prop t.he same
end of the cake pan. Obsecvat.ions are recorded and diagrams
are made of stream channels and tributaries.
2. Students repeat the same process. using 7 books to prop
lhc end of the stream table. Observations are recorded and
diagrams made of stream channels and tributaries.
3. SLUdcnLS areaslced lOcompare theresu Its ofthe exploration
activity and steps t and 2 of the application phase.
4. The teaher facilitalcs a discussion of the cffects of land
contours and slope on the formation of stream systems. The
terms divide and drainage basin are introduced.
5. Working in pairs. students conduct a lOpographical map
s tudy of stream s ystems.
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studying, A - ask questions as they read, R - record answers to the questions they ask,
and T - test themselves on the topic and material that has been read. The HEART
strategy is an easy way for students to organize new and/or review material from a text so
that it will be useful and it helps them comprehend the text they are reading (Loranger,
1999).
Think Aloud is a strategy in which students actively explore meaning as they
read. As a skilled reader reads, they are asking questions and making meaning of the
words on the page. According to Daniels and Zemelman (2004, p. 102), "many students
are quite unaware of the mental activity that takes place during effective reading." A
think aloud activity will help bring attention to the mental processes occurring while

reading. A teacher should model the process before asking the students to do so. As the
teacher reads he/she stops at points to verbalize his/her thoughts aloud to model the
mental processing that is occurring during the reading. As students do this they can write
their thoughts down within the text if applicable or if not, small post-it notes also work.
More on how a think aloud activity works is shown in Figure 4a on page 23 along with an
example, Figure 4b from a teacher reading the introduction to a text the students will be
using. She modeled how to recognize key ideas, ask questions, make connections and
take notes (Daniels & Zemelman, 2004, p.102-103).

Writing Strategies
To reiterate the words of Ludstrom (2005, p. 60) students should "write, write,
write every day." Writing can be done before learning, during learning or as a summary
of learning. Writing is a means to show the knowledge one possesses; writing is a "cause
and means of thought" (Jones & Thomas, 2006, p. 61). The following strategies:
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Figure 4a. How Do Think-Aloud Activities Work? (Daniels & Zemelman, 2004, p 102).

HOW DOES IT WORK?
Before you begin. !er srudems Know you'll be stopping to think as you read. and indicate whar they
shoi; Id no:ice in your chinking-e.g.. \\tztch how I use che information in the passage to figure our what's
really going 011 We call chis ·mjerencing."
2 Lse a short passage. and provide students with copies so the} can follo\\ along. Stop after a couple of
sentences to tell what you think is coming next make a connection to your own experience. question
whar a statement might mean or express confusion about some idea. etc.
1 \\hen you srop co think. shift your voice to indicate .hat ~ou've mo\'ed from rc:ading the words to your
own thinking.
4. :\fter modeling. ha\'e studencs try 1t in pairs or raking turns in the whole class. If srudems t:ave dif·
ftcull} pulung thoughts into ,..-ores. point our a key spot or tWl- where they can stop. and ask them J
they have quesuons. are reminded of something n their own I ves. etc.

Figure 4b. Think-Aloud Example (Daniels & Zemelman, 2004, p 103).
Kenya Saoler, of Foundations School in Chicago, uses a think-aloud to introduce students to the biography col-

lection, Black Stars ofthe Harlem Renaissance.
Kenya reads aloud from the book's introduction and shares her thoughts as she goes:
...The real estate speculators envisioned a new suburb of downtown Manhattan.They buil~ beautiful
town houses and apartment buildings abroad tree-lined avenues. Then the real estate market declined,
and rather than pay huge mortgages on empty buildings, the speculators rented to Blacks for the first
time.
Wow. So if the real estate market hadn't declined, then there may not have been o Harlem Renaissance, because they
wouldn't have rented to Blacks. Okay, I need to make a note to myself about that, because that's something important.

The Black popu.ation of New York grew fast, fueled by the large northern migration of Southerners. It
could no longer be contained in the scattered Black enc'aves downtown. Blacks were desperate for living
space and willing to pay the high ren: prices of Harlem.
But where would they get the money? Hm. If the market is declining, then that means that people don't have as much
money. How is it that Blacks were able to afford to pay the high rent prices of Harlem? I also made a connection here.
This reminds me ofBronzeville, the area in Chicago from 26th Sueet up to, like, 43rd Street, where you have the huge
boulevards, King Drive Boulevard, with allof these mansions.And back in the 20s and 30s they were all owned by
whites. And then somewhere in the sos and 60s they started to rum them into apartmenr buildings for Blacks. So they
went from the white mansions to these Black aparrment buildings, and one house would end up holding maybe four
families.And now they're actually being converted back to the mansions.

Before long, Harlem became the largest residemial center for Blacks in the United States.
Thar's a really big statemenr. There are a lot ofBlacks in Chicago now. So there weren't that many at that time? Hm.

Kenya has modeled a number of important reading strategies: 1) noticing important ideas; 2) asking ques·
tions; 3) making connections with her prior knowledge; and 4) taking notes, which she had been previously
teaching her students to do.
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definition maps, Frayer model and RAFT activities are ways for students to express what
they know and have learned through writing.
Definition Maps and Frayer Models are models of expanded meanings of science
vocabulary. Students are asked to develop meanings from context and relate to their
prior conceptions (Jones & Thomas, 2006). Through using this activity students will
arrive at a comprehensive understanding of important vocabulary (Young, 200S). The
Frayer model is similar to a definition map. Both include a definition and student
connections. The difference lies in how those connections are presented. A definition
map includes items such as drawings, sentences, synonyms or key words, and personal
relationships made by the students (Jones & Thomas, 2006; Young, 200S). The Frayer
model includes characteristics of the term, example and non-examples from ones own life
(Barton &

Jordan~

2001). Two different definition maps (Jones & Thomas, 2006, p. 60;

Young, 200S, p. IS) are shown on page 2S-26 in Figures Sa and Sb as well as an example
of a Frayer model, Figure Sc (Barton & Jordan, 2001 , p.S4).
RAFT: a form of writing that activates higher level thinking skills (Loranger,
1999) and as Jones and Thomas (2006, p. 62) stated "this strategy works so well to
provoke more meaningful writing that speaks with voice . .. it invites empathy and
perspective." The acronym stands for Role, Audience, Format, and Topic. Students are
asked to assume a particular role or have a certain point of view - e.g. a hydrogen atom;
and with that role address a given audience - e.g. a drop of water. The format of the
writing varies - e.g. a letter, a poem, a skit; and the topic is the science content that the
student is to address - e.g. a day in the life of an element (Loranger, 1999). RAFT
examples are displayed on page 27 in Figure 6 (Barton & Jordan, 2001 , p. 123).
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Figure 5a. Example 1 of a Definition Map (Young, 2005, p. 15).

Figure 5b. Example 2 of a Definition Map (Jones & Thomas, 2006. p. 60).

Oehn1tic~

in your ry.,.r words

Sy~nnvms

• Chanqe from one lanquaqe t o another

Interpret

• Put into understandable words

Decode
Decipher
Vocal:lu.ary word

Translate
Because the Germans and J apanese did
not know the Navajo language, they could
not translate code talker messages into
something they could understand.
Use rt meanmQ!ully 1n a ser.tence

\o;: '

Oraw a pict ure of It

n.. plan is
to mfftup

at:u da;t
at tne water

to ..er.
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Figure 5c. Example of the Frayer Model (Barton & Jordan, 2001, p. 54).

Definition (in own words)

New materials are
NOT formed.
Same matter
present before and
after change.

A change in
size, shape, or
state of
matter.

Examples

Characteristics

Physical
Change

(from own life)

Nonexamples
{from own life)

Ice melting

Burning wood

Breaking a glass

Mixing baking soda
& vinegar

Cutting hair
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Figure 6. Sample RAFT's (Barton & Jordan, 2001, p. 123).

Role

Audience

Water drop

Other water
drops

Format
I

Travel guide
I

Diary

Topic
Journey through
wat er cycle
Process of
germinat ion

Bean

Self

Frog

Tadpole

Electron

Fourth gr ade
students

Letter

Limestone
rock

Cave visitors

Postcard

I Statue

Dear Abby
readers

Advice
column

Effects of acid rain

ITr out

Farmers

Letter

Effects of f ertilizer
runoff

I

Letter

I

Life cycle
Journey through a
parallel circuit
Chemical
weathering process

Duck

U.S. Senator

Letter

Effects of oil spill

Star

Self

Diary

Life cycle

Peregrine
falcon
Red blood
cell

Public
Lungs

Liver

Alcohol

Lungs

Brain

Rusty old car

Previous
owner

News
column
Thank-you
note
Complaint

IThank-you
note
Letter

Effect s of DDT
J ourney through
circulatory system
Effects of drinking
Quitt ing smoking
Chemical change
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Listening and Speaking Strategies
According to El-Hindi (2003, p. 536) '·instructional conversations promote the
kinds of rich discussions that help students develop their ideas along with linguistic
competence." To build understanding of science concepts students need to have
conversations around what they know as well as what they think they know.
Misconceptions will be uncovered through discussions with other students and the
teacher. Because communication is such an important part of scientific literacy, students
need to expand their speaking and listening skills (Worth, et al., 2004). According to
Yore and colleagues (2004, p. 348) the "regular use of effective argument and small
group discussion enhances cognitive and affective outcomes." The following activity
addresses this statement

In a Discuss ion Web; aU students have the same opportunity to assume the
responsibility for learning and share their ideas in a discussion. A discussion web is a
way for students to organize their thoughts and research about a particular topic before
having group discussions. As Barton and Jordan stated (200 l , p. 111 ), "students gather
facts. statistics. examples, expert authority, and logic and reasoning for their discussion."
Because every student creates a discussion web, each student is equally responsible and
prepared for the discussion. This method protects students from adverse consequences
within the classroom discussion because each student had the same opportunity to
prepare. On page 31, Figure 7a shows a blank discussion web and Figure 7b shows a
web completed for a discussion on nuclear power (Barton & Jordan., 2001 ).
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Using Societal Issues to Enhance Literacy

One of the goals of scientific literacy is to prepare students for society. The
growing concern over literacy skills in society is bringing societal issues into the
classroom. By bringing these issues into the classroom setting students who may have
been indifferent to most content will be motivated to actively participate in classroom
activities. The objectives still include student knowledge and understanding but the study
of society's issues helps to increase comprehension and critical thinking skills. Activities
around societal issues promote communication among students and other members of the
school and community, not necessarily just class members (MacKinnon, 1997). A
creative debate requires students to "engage intelligently in public discourse and debate,
exploring past and present matters of scientific concern" (Barton & Jordan, 2001, p. 109).

In a Creative Debate; students debate a topic from different view points which
promotes original thinking and discussion. A creative debate is not different from a
typical debate. Students are asked to look at different viewpoints around a central topic
and asked to support one of them, not necessarily their own point of view. Throughout
the debate students must weigh the facts presented and use those facts to make informed
decisions. In Figure 8, page 32, a list of possible debate topics are listed (Barton &
Jordan, 2001).
As stated by Young (2005, p. 12), "without a clear understanding of the language
of the science content, students will certainly experience difficulty and a lack of interest
with their science content-area material." The science content material exists outside the
classroom as well as in the classroom. The strategies presented will help address literacy
concerns of the students so that they can be scientifically literate outside the classroom
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(Koballa, et al, 1997). This literature review has explored the meaning of scientific
literacy and why it is important. As it was stated previously, scientific literacy does not
begin or end in to classroom, "Scientific literacy is a lifelong pursuit" (Koballa, et al,
1997, p.27).

Investigating Scientific Literacy
Figure 7a. Blank Discussion Web (Barton & Jordan, 2001, p. 112).

Discussion Web

Reasons

I

Conclusion

I

Figure 7b. Example of a Discussion Web (Barton & Jordan, 2001, p. l 12).

Discussion Web

I

It is highly

Reasons

I
Produces less waste

radioactive.

gos resulting in acid

It produces
radioactive waste.

Expltlsion
otChunobyl.

rain than fossil fuels.

No Should we use nuclear power Yes

...__

as an energy source?

It is expensive.

It is dangerous.

I

Conclusion

I

No, risks are too great to
compensate for the benefits

-

There is an

endless supply.
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Figure 8. Examples of Creative Debate Topics (Barton & Jordan, 2001, p. 110).

•

Everybody can do science.

•

Potential research subjects should be told about both the risks
and benefits of the research projects.

•

New technology can change cultural values and social behavior.

•

Any belief about the world is as valid as any other.

•

Animals should not be used as research subjects.

•

The international community should adopt and enforce laws to
prevent further global warming.

•

Companies should be allowed to drill for oil in protected
'\"lildemess areas.

•

Cloning of humans should be allowed.

•

Funding for future space programs should be reduced.

•

Unwanted, frozen, human embryos should be used for genetics
research.

•

Genetically engineered food crops are safe for human
consumption.
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Methodology
The purpose of the research was to use literacy strategies in a secondary science
classroom to help students develop their own scientific literacy skills. The development
of these skills should help students in the world outside the classroom. The method of
research was designed to introduce students to new strategies for developing literacy and
have them apply it to new and/or relevant situations.
Participants
The participants for the research consisted of 51 Regents Chemistry students.
These students are in the course with the intension of taking the New York State Regents
exam in June 2007. The 51 students were divided into two sections one class consisted
of twenty-eight students, eight males and twenty females. The second class consisted of
twenty-three students, seven males and sixteen females. All students were between the
ages of fifteen and eighteen. Based on the activity used students were grouped
heterogeneously and homogeneously based on learning profiles and assessments were
most commonly done individually.
Materials or Apparatus
Each activity used required different materials. These materials ranged from
relevant reading materials from the newspaper and magazines to guided notes and
activity handouts and manipulatives where necessary. The strategies used include:
HEART (Loranger, 1999), think-aloud (Daniels & Zemelman, 2004), definition maps
(Jones & Thomas, 2006; Young, 2005) and/or Frayer models (Barton & Jordan, 2001) for
definitions, RAFT (Barton & Jordan, 2001; Jones & Thomas, 2006; Loranger, 1999),
discussion webs (Barton & Jordan, 2001), and creative debate (Barton & Jordan, 2001).
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The materials for data collection varied depending on the activity being used.
Most of the data collection was done by teacher and student observations communicated
verbally and through writing. Students were asked on most occasions to reply to
questions at the end of a class period. The activity is called As You Leave. A YL. In
some cases the A YL was a quick quiz that was counted for a grade. The overall
performance and improvement on the students' part was measured by the change in their
course work as well as their reactions and summaries of bow they felt the activities
affected their learning of chemistry and how it's used.
Procedure
As a result of the review of the literature, six different strategies were chosen to
be used in the classroom to promote scientific literacy. Each activity fell under the
category of reading, writing, listening or speaking, and society. To investigate the
effectiveness of the strategies on increasing scientific literacy among the students each
class was exposed to each strategy during their respective class time on the same parts of
the content. The first round of activities was done during Class A, twenty-three Regents
Chemistry students. Class B, twenty-eight Regents Chemistry students followed class A.
This format provided the opportunity for modification from Class A to Class B. The unit
of study in the chemistry curriculum was focused on the periodic table and a study of the
elements and their properties. After the first round of activities in Class A, slight
modifications were made based on teacher and student feedback for Class B. The second
round of activities in Class B was done with the modifications in an attempt to better the
student engagement in the learning.
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Each activity was a part of the study of the periodic table. The unit started with
the history and organization of the periodic table and continued through the properties of
elements and the trends that exist amongst the organized elements of the periodic table.
The unit also included a brief history of the atom to explain electron configuration.
Students were exposed to the new literacy strategies throughout the entire unit Between
the two classes the activities varied due to modifications at similar times but the learning
was consistent throughout. The goal of the activities between the two classes throughout
the unit was to determine if the effectiveness of the strategies varied with class size,
content, and modifications made from teacher and student observations.
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Results
The research was designed to introduce students to new strategies for developing
literacy and have them apply it to new and/or relevant situations. Throughout the
research students used literacy strategies in a secondary science classroom to help them
develop their own scientific literacy skills. The purpose in using these skills is for the
development of literacy strategies to help students in the world outside the classroom.
Reading, writing, listening, and speaking strategies were used with the study of the
periodic table, elements, and their properties in two Regents Chemistry classes. The
strategies chosen included: HEART (Loranger, 1999), think-aloud (Daniels & Zemelman,
2004), definition maps (Jones & Thomas, 2006; Young, 2005) and/or Frayer models
(Barton & Jordan, 2001) for definitions, RAFT (Barton & Jordan, 2001; Jones &
Thomas, 2006; Loranger, 1999), discussion webs (Barton & Jordan, 2001), and creative
debate (Barton & Jordan, 200 I).
HEART (Loranger, 1999) was a strategy used to help students before, during and
after reading. Students were given a content rich reading about the periodic table and
asked to follow the steps of the HEART acronym: H - determine how much they already
know about the topic, E - establish a purpose for reading or studying, A - ask questions
as they read, R - record answers to the questions they ask, and T - test themselves on the
topic and material that has been read. The H and E parts were accomplished before the
reading through a class discussion between the teacher and students. Parts A and R were
completed by the students individually, a minimum of five questions were required to be
asked, as they read. For part T the students tested each other with the questions they had
asked themselves as they read. See Appendix A for the student activity sheet.
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Through the HEART entire activity the students were very focused on the task at
hand. The class discussion brought up many pre-conceived notions about the periodic
table and the teacher was able to assess the students' prior knowledge of the periodic
table. The teacher worked with the students to create the purpose for the reading. The
students read the passages, recorded questions and answers as they read. When finished,
the students worked in groups of two or three to test each other on the new material. The
groups were heterogeneously mixed based on who they were sitting with at their table.
Students knew what needed to be done and they completed each part of the activity in a
timely manner.
The HEART activity increased student' s awareness to material that is proposed in
scientific writing. This was observed through student conversations around the reading
and class discussions in which students used the material from the reading to link to new
material in later classes throughout the unit. Positive results in students' attitude and
engagement were evident in both research groups.
The think-aloud activity (Daniels & Zemelman, 2004) was demonstrated for the
students by the teacher with a reading about the Hindenburg and its tragic accident
(Appendix B). The teacher example was much more in depth than the student activity.
The teacher asked questions about locations, numbers and made connections between life
today and life during the time of the Hindenburg. After the exemplar, students read one
of two short articles about the element mercury. As they read students were asked to
write their thoughts on post-it notes to keep attached to the reading. Their thoughts could
be questions or general comments, as shown by the teacher.
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For the think-aloud the students were very willing to use the post-it notes to jot
down quick ideas and/or questions. Through class discussions and As You Leave
activities students expressed that they liked making short notes and questions as opposed
to writing a summary or taking notes given by the teacher. The students expressed that
they learned more about the reading through their few comments and sharing the
information with the class. The activity promoted the students independence and showed
the students that it is okay to ask questions throughout the process of learning new
material.
The definition map (Jones & Thomas, 2006; Young. 2005) and Frayer model
(Barton & Jordan, 2001) activities were used for students to make sense of new and
different vocabulary. The students used both models for the new terms, electronegativity
and ionization energy. These strategies were used in small groups on poster paper and
presented to the class. Afterwards, the students were provided a choice as to which
method they wanted to record in their own notes to build upon their own knowledge.
One of the purposes of both the definition map and Frayer model is for students to
relate the new vocabulary to content they already know as well as make connections
outside the content. This was evident in their maps and models. Electronegativity was
linked to relationships, i.e. a boy likes a girl, there is lots of attraction between them,
electronegativity is an atoms attraction to its electrons. Ionization energy was linked to
an item, i.e. if a boy really likes his bike it would take a lot of energy to take the bike
away from him, ionization energy is the energy required to remove and electron from an
atom. Students learning and understanding was evident though their choice of
connections outside chemistry and the link back to chemistry using the new vocabulary in
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conversations. Students were using the new vocabulary correctly and linking the terms to
prior and new knowledge.
The RAFT activity (Barton & Jordan, 2001 ; Jones & Thomas, 2006; Loranger,
1999) asked students to write a summary to a demonstration from the perspective of an
electron or a photon. Students needed to use the terms electron, excited state, ground
state, energy and photon. The format was a letter to a proton, from the electron, or a
thank you note to the electron from the photon. To write this RAFT, students needed to
understand the vocabulary and how each term was related to each other.
The student products were very concise and to the point for both Class A and
Class B. There was a clear understanding of the vocabulary due to the connections made
in the writing assessment. In Class A the students knew that their summative assessment
for the lesson was going to be a RAFT. Student engagement level was not as high as
expected during the writing. The students completed an As You Leave activity in which
their opinions about the activity were shared. Students responded that many of their
teachers are asking them to write RAFT's and they do not necessarily like them. As a
modification for Class B, the students were informed that they were going to have to
write a creative piece for a sumrnative assessment, omitting the term RAFT. The interest
and engagement in the activity were much higher and the responses in As You Leave
were much more positive in nature. See Appendix C for the RAFT assessments.
The discussion web (Barton & Jordan, 2001) was used as a tool to prepare
students for a class or group discussion. For the periodic table unit of study the material
is mostly factual, not opinion or decision based. Students were asked to briefly research
the evolution of the atom through time to understand the electron configuration of
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elements listed on the Periodic Table of Elements. Students in small groups of four were
each asked to complete a discussion web for the different models of the atom including
the year, the scientist, the experiments with results and the conclusions made and
accepted at the time of the model. Appendix D provides a discussion web template for
this activity. Following the creation of the individual discussion webs students entered
into a discussion about the atom's evolution and what was proven at each stage. As a
summative assessment to the activity students were to create a timeline of events
discussed and tum it in.
The discussion web kept the group on task and promoted discussion, not just
copying. The students were able to record notes as others in the group discussed the
model of the atom but they were asked not to share their webs visually, only verbally.
The teacher played the role of a facilitator and answered questions as they arose amongst
the groups.
The student discussion webs were very thorough as were the timeline
assessments. Students accurately identified the correct model with the correct time
frame, scientist and experiment. During the As You Leave activity students expressed
their level of comfort with the activity, their enjoyment oflearning from their peers and
not just from the teacher, and the students expressed that even though they were
responsible for knowing all of the information, they personally only had to research one
part of it.
A creative debate (Barton & Jordan, 2001) was used to promote students to create
original thoughts to support group and class discussions. In Class A and Class B the
creative debate was used to springboard a discussion about the man-made elements.
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After being given a few facts about the man-made elements, students were asked to
respond first individually in writing to the statement; Man-made elements should not be
considered elements at all. They were asked to consider both sides of the issue and be
able to support either side. As partners they debated the issue and then the discussion
was opened to the whole class. Students came up with relevant points to the issue; i.e. if
a scientist can get it to exist with the correct atomic number that it' s an element or how is
it an e lement if it's only around for milliseconds. The conversations also took to
analogies outside of chemistry such as the debate over abortion, is it a baby or not? Is
abortion murder or not?
The creative debate promoted student thought and their ability to justify the
claims they make. When asked in class what their response was to the debate, students
from both Class A and B responded that they had never thought about elements like that
as well as the wonder of how many elements could really be made. The Periodic Table
of Elements displays up to atomic number 118, students asked if the table will expand
based on what scientists observe. The creative debate helped students to use creative
thinking skills and questioning skills.
Overall, the use of the literacy strategies in the science classroom promoted
original thought amongst the students and supported group and class discussions.
Students were engaged and participated in the activities with little hesitation. The
modifications made between Class A and Class B were useful in increasing students'
engagement and participation. Using two classes of students for was a useful tool for
modifications made. The size of the classes mattered only in the amount of time spent
between individual students and the teacher, but because of the nature of the activities
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students were encouraged to question each other and learn from each other not
necessarily to rely on the teacher.
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Discussion & Conclusion
The job of a teacher of science is to open young minds to the fact that they cannot
escape science. The research of literacy strategies in the science classroom was done in
an effort to build student literacy skills that are applicable to the world beyond the
classroom doors. Students need to be successful in society and literacy skills are a key
component to scientific knowledge and understanding within the classroom and society.
Throughout the research six different literacy strategies were used in a secondary
education chemistry classroom. The use of literacy strategies was to support the building
of literacy skills among students to prepare them for the scientifically literate society to
which they belong as well as create and develop a deep understanding of the chemistry
content. As both Class A and Class B used each of the strategies they proved to be more
confident and proficient in their literacy skills, particularly reading, as each activity was
done. Students responded to each new task with a positive attitude and worked through it
even if it did not seem like it would work for them. The most successful strategies were
the HEART activity and the definition map or Frayer model. Through these activities
students strengthened their reading and study skills along with their development of
vocabulary. Throughout the entire research period the students were successful at all of
the tasks. Through student work in small groups and class discussions their learning of
the chemistry content was evident through their connections made and language used
during the conversations. The activities proved to be literacy building through the
increased comfort and ease that each student made apparent as the research progressed.
It was also evident through scientific classroom discussions that the students were
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building upon their literacy skills. Whether the task was a reading, writing, listening, or
speaking, the students excelled and they were highly engaged.
The review of the literature provided guidance for the use of the strategies chosen
as well as the possibilities for scientific literacy building activities. The results of the
research done with these strategies are coupled with the information given in the
literature. Each strategy was well planned and applied in the chemistry classroom
because "in classrooms where science literacy is the goal, teachers plan learning
experiences that help students construct meaning rather than simple tasks" (Barton &
Jordan, 2001, p. 39). The strategies used in the research and the connections to the
review of the literature are discussed in the sections to follow.
The HEART strategy used in the research in the chemistry classroom was
completed through individual, small group, and whole class tasks. Through each part of
the literacy strategy application students were actively engaged. As the HEART strategy
was applied the students participated in conversations involving the science content.
According to Creech and Hale (2006) when students are engaged they will learn. Creech
and Hale (2006) continued stating student involvement in conversations involving
science content it will build their literacy skills. As stated in the research the HEART
strategy was and easy way for students to organize new and/or review material from a
text source (Appendix A). In the classroom, the HEART strategy helped students
comprehend the reading (Loranger, 1999). This was evident through their written work
and conversations with classmates and the teacher. If students did not comprehend the
new information they would not use the vocabulary correctly. Since a majority of the
students were correctly using the terminology the strategy showed to be effective.
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According to Creech and Hale (2006) reading is a dynamic process and an active
problem solving process. The think-aloud activity worked very well to support reading
as an active, not passive, experience. During the think-aloud activity students were asked
to read a passage and record their thoughts and questions as they were reading on post-it
notes. Recording while reading promoted the active process the students should be doing
every time they read. Before the students were set on their own think-aloud activity a
model was given for them by the teacher (Appendix B). Models of how a skill can
successfully be accomplished are important for students to see and experience (Ylorth, et.
al., 2004). Throughout the research it was evident that the think-aloud was a very
personal activity for the student. The think-aloud promoted their independence with the
material in recognizing key ideas, asking questions, making connections and taking notes
(Daniels & Zemelman, 2004). The think-aloud encouraged the students to think
critically.
A key component to understanding science is to have an understanding of the
meaning and use of scientific vocabulary. Students need to accompany the ability to
write and speak the using the language of science with reading of scientific language.
The definition map and Frayer model were used to help students develop an expanded
meaning for the vocabulary. Because all students learn differently, these two methods
were provided as a choice for them to put in their notes to demonstrate their own
understanding (Ludstrom, 2005). For the classroom application of these vocabulary
building strategies students first worked in collaborative groups which Ludstrom (2005)
also commented on stating that writing enhanced by collaboration will deepen
understanding and build listening and speaking skills. The reason these strategies were
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effective was because they required the students to develop meanings from context and
relate the new materials to their prior conceptions (Jones & Thomas, 2006). After the
activity students were able to show that they arrived at a comprehensive understanding of
the important vocabulary. The understanding was apparent through future activities and
conversations as Young (2005) stated vocabulary building activities would do.
The RAFT activity was presented to the two classes differently. Class A was told
up front that their summative assessment for the demonstration was going to be a RAFT.
The assessment was presented in a table, see Appendix C, in which the terms Role,
Audience, Format, and Time/Topic were clearly shown. Students had the choice of two
possible RAFT's. After students completed the activity, with some opposition, they
expressed in the As You Leave activity that too many other teachers make them do
RAFT's when they would rather just write something than call it a RAFT. For Class Ba
modification was made, Appendix C, from the table format to the assignment written in
paragraph form. The student's reactions in Class B were very positive and there was no
opposition. The result is that the students are getting wrapped up in the name of an
activity rather than the activity itself.
The RAFT activity was chosen as a writing activity for the students because it
builds science understanding though creativity and imagination; students write with a
voice. Students work through a concept in different ways and tell a story about the
science (Czemeda, 2006; Loranger, 1999). Students are motivated when they are
provided choices in what they are to write (Ludstrom, 2005).
Along with reading and writing students need to express their understanding
through discussion and debate with others (Worth, et. al., 2004). The purpose for using
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the discussion web was to promote discussion amongst students. The web is a strategy
for students to use to prepare themselves for discussion and it is designed so that each
student will have the same opportunity to prepare (Barton & Jordan, 2001). Worth and
colleagues (2004) stated that when students are listening and speaking the content it
creates understanding of their findings and what they have learned. This can occur in
small groups or in a whole class setting. During the research students were asked to
prepare a discussion web for part of the evolution of the atom (Appendix D). Students
were teamed up with three other students with different versions of the atom and asked to
discuss the information with each other, no copying of discussion webs. The students
could take notes as their other group members spoke but they were not to view each
others webs. The discussion was supported by the work of Worth and colleagues (2004)
in which they stated that as students discuss science they learn to listen to others, interpret
meaning of others' words, and make meaning so they can express the new learning as
their own. El-Hindi (2003) was in agreement with this in that students need to use the
language of science to communicate ideas with each other and build better
understandings.
A creative debate is a typical debate but may include more creative topics than
what may seem typical. A debate in any sense promotes original thought and discussion.
Students must weigh the facts presented and use those facts to make informed decisions
(Barton & Jordan, 2001). Students need to be able to support their decisions and relate
those decisions to themselves and their prior knowledge. Students need to be able to
express their thoughts in a clear and concise manner through discussion and debate
(Worth, et al., 2004). This debate is also supported by Yore and colleagues (2004, p.
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438), the "regular use of effective argument and small group discussion enhances
cognitive and affective outcomes.'·
The creative debate that was used during the research asked the students to
consider the man-made elements and support or oppose the statement: man-made
elements should not be considered elements as all. The students brought up many good
arguments. A particular student related the man-made elements issue to abortion and that
this debate is in the eyes of the individual, it' s a choice. The student went on to draw the
analogy of the man-made element, existing for only milliseconds, compared to the
embryo in a mother' s womb and abortion. When is it a baby? Is abortion murder? The
thought process that this student went through for an engagement activity extended
beyond the original expectations of the activity. El-Hindi (2004, p. 538) stated that
·'connecting knowledge is an important part of learning which can be supported by
ljteracy practices." Due to the path the debate took and the level of student's
participation, the students were asked to write a free response to the statement about manmade elements and to link it to parts of the class debate and discussion as they felt
applicable.
The creative debate was a strategy used to promote student involvement in group
and class discussions as well as enhance students understanding though connections to
prior understanding. The debate proved to be a tool for students to use critical thinking
as a basis for gaining knowledge.
When students leave school, the narrow and localized version of real-life, they
need to use all of the sblls they have acquired along the way if they are expected to be
successful in society. Through science classes students should build up a wealth of
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strategies and methods to use to understand science outside the classroom. Scientific
literacy is a part of everyone' s life, one cannot escape it. In school learning of the
content is imperative but so is the learning of scientific literacy skills. Learning needs to
be meaningful if a student is required to use what they have learned outside of school.
Through this research students in two classes experienced six different learning
strategies and activities that can help them in the future, beyond high school, in college
and in society. These strategies are not limited to the science classroom. Many teachers
use many different strategies to promote student literacy as was evident in the review of
the literature. When considering literacy strategies to apply to a classroom a teacher
should consider the activities carefully and make sure the activity is applicable to the
content. Future research can continue with the same motive, enhance student learning
through literacy strategies and continue to train students to use the strategies explored.
The purpose of the science course was to teach chemistry but more importantly to
teach students that they can accomplish any task involving scientific literacy with the
right tools. This research provided the teacher and students will six different tools but
there are many more that could be found and used effectively.

Investigating Scientific Literacy

50

References
Barton~

M., Jordan, D. (2001). Teaching reading in science. Aurora, CO: McREL.

Blanken, M. (2003).

Science literacy for the twenty-first century.

The Science

Teacher, 70(8), 89.
Bybee, R. (1995). Achieving scientific literacy. The Science Teacher, 62(7), 28-33.
Bybee, R. (1997). Achieving scientific literacy. Portsmouth, NH: Heinemann
Educational Books.
Cobern, W., Gibson, A., Underwood, S. ( 1995). Valuing scientific literacy. The

Science Teacher, 62(9), 28-31.
Creech, J ., Hale, G. (2006). Literacy in Science: A natural Fit. The Science Teacher,
73(2), 22-27.
Czemeda, J. (2006). Science fiction and scientific literacy. The Science Teacher,
73(2), 38-42 .

Daniels, H., Zemelman, S. (2004). Subjects matter: Every teacher 's guide to content-

area reading. Portsmouth, NH: Heinemann Educational Books Inc.
Ebbers, M . (2002). Science text sets: Using various genres to promote literacy and
inquiry. Language Arts, 80( 1), 40-50.
El-Hindi, A. (2003). Integrating literacy and science in the classroom: From
ecomysteries to readers theatre. The Reading Teacher, 56(6), 536-538.
Groves, F. (1995). Science vocabulary load of selected secondary science textbooks.

School ofScience and Mathematics, 95, 231 -235.

Investigating Scientific Literacy

51

Hirsch, Jr., E., Willingham, D., Neuman, S. (2006). Knowledge: The next frontier in
reading comprehension. The Professional Journal ofthe American Federation of

Teachers, 30(1), 7.
Isaacs, K . (2005). Working scientists: Integrating science and literacy. Book Links,
15(2), 27-28.

Jones, R., Thomas, T. (2006). Leave no discipline behind. The Reading Teacher,
60(1), 58-64.

Koballa, T., Kemp, A., Evans, R. (1997). The spectrum of scientific literacy. The

Science Teacher, 64(7), 27-31.
Loranger, A. (1999). The challenge of content area literacy: A middle school case
study. The Clearing House, 72, 239-243.
Ludstrom, M. (2005). Science makes kids want to read. Instructor, I I 4(6), 28, 60.
MacKinnon, G. (1997). Science in Society. The Science Teacher, 64(1), 69-70.
Meichtry, Y. (1992). U sing laboratory experiences to develop the scientific literacy
of middle school students. School Science and Mathematics, 92, 437-441.
Metz, S. (2006). Science literacy: Then and now. The Science Teacher, 72(2), 8.
Osborne, J. (2002). Science without literacy: a ship without a sail. Cambridge

Journal ofEducation, 32(2), 203-218.
Pasley, J., Weiss, I., Shimkus, E., Smith, P. (2004). Looking inside the c lassroom:
Science teaching in the United States. Science Educator, 13(1), 1- 12.
Roberts, D . (2005). Rethinking scientific literacy. Canadian Journal ofEducation,

28, 561 -566.

Investigating Scientific Literacy

52

Saul, W. (2004). Crossing borders in literacy and science instruction: Perspectives

on theory and practice. Arlington, VA: NSTA Press.
Schmidt, P., Gillin, S., Zollo, T., Stone, R. (2002). Literacy learning and scientific
inquiry: Children respond. The Reading Teacher, 55, 534-548.
Their, M. (2002). New science literacy. Portsmouth, NH: Heinemann Educational
Books Inc.
Townsend, G., Boca, A., Owens, K. (2003). Stories of collaboration: A middle
school science teacher and a physics professor. Education, 123, 721-732.
Varelas. M., Pappas, C., Barry, A., O 'Neill, A. (2001). Examining language to
capture scientific understandings. Science and Children, 38(1), 26-29.
Watts, M. (2003). Language and literacy in science education. Arlington Science

Teachers Journal, 49(2), 43-44.
Worth, K., Moriarty, R., Winokur, J. (2004). Capitalizing on literacy connections.

Science and Children, 41(5), 35-39.
Yore, L., Hand, B., Goldman, A., Hildebrand, G., Osborne, J., Treagust, D., et al.
(2004). New directions in language and science education research. Reading

Research Quarterly, 39, 347-352.
Young, E. (2005). The language of science, the language of students: Bridging the
gap with engaged learning vocabulary strategies. Science Activities, 42(2), 1217.

Investigating Scientific Literacy
Appendix A

HEART Format I Student Activity Sheet

°);an1e:

Mfi )iem.un

....

Chemistry

r-J) Ye'" llEAR'l' R~adin9!

HEART 1'> a strategy i.ised :;or reading. Readwg is an acn\"e process nor a passin~ process. Your
Ulllld should be workmg while you read and HEART t'> here co help.
Fill m

me following secnons Before. Dunng. and After you read rhe assigned pas-.age.

Beforc .l ot1··ead _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __

1:1 How much do you aheady know about the rop1c'? Record your prior knO\\·ledge.

E Establish a pmpose for reading.

Dm-ing readi11g _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __

A Ask questions as you read (at least :').
R Record afu""'ver:; to your questions. (Use the back ofthis paper if you nm om of space.)

.-lfte1· 1t>aa'mf _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

't"

Test yourself and a partner on the material tllat you J llSt read.

53

Investigating Scientific Literacy
Appendix B
Think-Aloud Exemplar - The Hindenburg

Tragedy at Lakehurst
Lakehurst IS a
town in New

A fateful day for the Hi11denburg.

H 1ndcnburg on 11< way
10

Jersey.

Wh3t type of"vchicle"
1s the Hindenburg?

Wchurst ·May 6,
1937

The following text was taken. with permission, from Willi3lll Althofl's book, filsy Ships.

~

Fnnkfu.11S 1n

~

which country"

.

On 3 May 1937 Hindenburg lifted off the Frankfun airfield for Lakehurst on the first of eighteen
scheduled visits to North America. Aboard the ship were thirty-six passengers and a crew of sixty-one.
Delayed by persistent head winds, Hindenburg did not reach the Lakehurst area until late afternoon on the
ID."th, hours behind schedule.
Wll31's the total
head count on the
Hrnc!cr.burg1

Th1S1Sllllhwy11me 1900
hollll Midtusl\I IS Wee hour
zero Whal umc did th:s
lmdmg occw'I

Finally, at 1900, an immediate landing was recommended. The first line thwnped to earth at 1921
and the high mooring operation began. The station log matter--0f-factly records the events which began
four minutes later.
rryou go to
:,\'WW.nlbs.rom'trag<dy you
can here M actual broadcas1'

During the landing operation, the Airship Hindenburg burst into flame at an altitude of about 200
feet and was burned to destruction by hydrogen fire originating at or near the stem.

-

Hydrogen isa dia!orruc
molccu'.c. Wrrtc the chcmacal
formula for nydroi:en.

The Hind<:nburg, several
secor.ds after burscing into
flames.

~
Tb~

back.
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Appendix C
RAFT Assessment Descriptions for Class A and Class B

Class A:
Choose one of the two RAFT's below as your summary to today's demonstration.
Assume the Role, write to the specified Audience, in the specified Format during the
correct Time and using the correct Topics.

Role

Audience

Format

Electron

Proton

Lt:Ut:r

Photon

Electron

Thank you note

Time / Topic
1913 - Neils Bohr
laboratory
Use the vocabulary:
electro~ excited
state, ground state,
energy and photon

Class B:
Choose one of the following tasks to write as your summary to today's
demonstration.

•

Choice #1

You are an electron and you are so pumped about what has happened today in the
laboratory of Neils Bohr (1913). You want to tell your friend Proton all about it.
Write a letter to proton explaining everything that happened. Be sure to include the
following terms so Proton knows what you are talking about: electron, excited state,
ground state, energy and photon.

•

Choice #2

You are a photon and you are so grateful about what has happened today in the
laboratory of Neils Bohr (1913). You want to thank Electron for all that he/she did
for you. Write a thank-you note to Electron explaining your every gratitude for what
happened today. Be sure to include the following terms so Electron knows what you
are talking about: electron, excited state, ground state, energy and photon.
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Discussion Web Template - Atom Evolution
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