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Abstract

IMPROVING THE ACQUISTION AND RETENTION OF SCIENCE MATERIABY
FIFTH GRADE STUDENTS THROUGH THE USE OF IMAGERY INTERVEMNINS
by

MARISA TAMAR COHEN

Adviser: Dr. Helen L. Johnson

A strong base of knowledge in vocabulary is imperative for all students as they
are exposed to a great deal of novel words throughout their academic careeia)yespec
in content areas such as science. By devising effective interventions todieacke s
vocabulary, literacy and science can be integrated and students’ mastevgloivords
will improve.

This study examined the effect of imagery interventions for the presentdtio
novel science vocabulary to fifth grade learners. Eighty-nine students flmsthaeols in
Long Island participated in this study and were randomly assigned to farediff
instructional interventions: a Picture Presentation method, in which a wergaivad
with a picture; an Image Creation- No Picture method, in which the participargsold
to create an image of the word and draw it on paper; an Image Creatiore Riethod,
in which the students were presented with the picture and then told to draw it; and a
Word Only method, which involved the simple verbal presentation of the word. These
interventions were developed taking into account the ability of images todfiacilit
vocabulary learning, the theory of dual coding, and depth of processing. Participants’

acquisition of the words was measured one day after instruction and retention was



examined two weeks later. The students were given word fill-in and definitiah wor
match tasks at both time points.

Results demonstrated that students in the imagery intervention groups (Picture
Presentation, Image Creation- No Picture, and Image Creation- Paxtareyl higher on
the outcome measures at both immediate and delayed recall. It was aladisitcive
deeper the students processed the “to be learned” vocabulary words, the higher they
scored on the outcome measures. Based on the mean outcome measure scores at both
time points, students in the Image Creation- Picture intervention scorb)tiest,
followed by the students in the Image Creation- No Picture intervention, those in the
Picture Presentation intervention, and finally the Word Only intervention stu&ertis a
study has implications as to the most effective way to integrate s@@iddliteracy and

successfully present novel concepts in the classroom.



If we teach today as we taught yesterday, we rob our children of tomorrow

- John Dewey
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CHAPTER 1
Introduction

This chapter begins with an overview of the integration of science education and
literacy, including the benefits of this approach to instruction. This is followed b
descriptions of the importance of vocabulary for learning, imagery and imagery
inducement, Paivio’s dual coding theory, and depth of processing. Presentation of these
constructs is followed by a discussion of how they are related and why theytiaag cri
for academic success. Finally, an intervention which focuses on imagewgniiens for
the presentation of vocabulary words in the science content area is desciibée w
goal of improving elementary students’ ability to successfully acqtorbé learned”
material.
Literacy in the Science Classroom: Current Practices

The pressure of high stakes testing in the areas of reading and math in elementa
school has reduced the amount of time teachers have to spend on content area subjects
such as science. Also, with an increasing emphasis placed on holding teachers
accountable for the literacy skills of their students, many have minimizsatcsci
instruction in the classroom (Thier & Daviss, 2002). However, as of 2007, the No Child
Left Behind Act has required that students be tested in science twice inntteneley
grades and at least once in grades 10 to 12 (Wenning, Herdman, Smith, McMahon, &
Washington, 2003; U.S. Department of Education, 2003). By integrating literacy with
science education, teachers are able to strengthen learning in both suljeettuae the
problem of time constraints during the school year. Through an examination of the 1994

Maryland National Assessment of Educational Progress (NAEP) dataje; &thafer,



and Huang (2001) showed that when students have more chances to read because
teachers integrated literacy in the content areas, it led to increadedjrea
comprehension, better conceptual knowledge and problem-solving skills in science, and
an overall increased motivation to read.
Science and Literacy: Integration

While science instruction emphasizes hands-on experimentation and active
participation, one should not minimize the importance of language and reading
comprehension, as current science education reforms promote literattystodents
(Yore, Hand, & Prain, 2002). Science education and literacy are inextriaaldyliThe
National Science Education Standards present a vision of science educatiochin whi
“...all students have the opportunity to become scientifically literate” ¢gNatiResearch
Council, 1996, p. 55). A complete understanding of the texts students read, as well as the
concepts commonly taught is imperative, as only those who fully grasp the basics can
move on to more complicated material and experimentation. Science literatemealy
important as it offers students a sense of understanding and fulfillment abowtidhe w
that surrounds them.

Science literacy involves the abilities to construct understandings of s@adc
to apply these meanings to problems and issues, as well as to inform and persuade others
to take action based on these ideas (Hand, Prain, & Yore, 2001). In this way, science
literacy involves skills which marry the knowledge of scientific concepts thé ability
to use language for communication purposes (Thier & Daviss, 2002). In order to be able
to understand and communicate scientific knowledge to others, one must first be capable

of comprehending the material taught.



Science and Literacy: A Relationship

Science and literacy are reciprocally related to one another. The stuzigrmfes
content material enables children to develop their thinking and reading abR&ading
and writing in science also helps to reinforce science concepts (YorazBssaland,
2003). Thier (2002) states, “Good science- and effective teaching and learniegaesc
is dependent upon strong language skills” (p.8). Yore, Craig, and Maguire (1998) posit
that reading is similar to the process of scientific inquiry in that both redpaire t
following skills: setting purposes, predicting, questioning, analyzing evigdande
drawing conclusions. During both activities students must also be capable of
communicating to others what they take from the learning experience.

By integrating science and literacy, teachers can improve stuailigées in
both areas at once. Thier and Daviss (2002) state:

Science strengthens literacy skills by infusing them with meanings apdsau

Setting language in an engaging context such as science inspires studeadcs

for the tools of language in order to uncover and internalize the secrets about the

world that science can reveal to them. Literacy skills strengthen séearoeng

by giving students the lens of language through which to focus and clarify their

ideas, conclusions, inferences, and procedures (p. 6).
The skills needed for literacy and science complement one another. Studentsiare ofte
able to communicate their ideas and understandings better after combining the
disciplines. Therefore, a strong literacy base will serve to strengthemlividual’s

science foundation.



Vocabulary and Comprehension in the Sciences

A major component of literacy is vocabulary, which is the knowledge of word
meanings (Biemiller & Boote, 2006) in both oral and print form (Lehr, Osborn, &
Hiebert, 2004). Understanding novel words and concepts is important for young students
as they are confronted with a great deal of new terminology in the passagesathey r
especially in content areas such as science. Snow, Burns, and Griffin (1998) thatlai
productive comprehension can be considered in terms of three factors: concept and
vocabulary development, ability to understand the linguistic structures okthand
metacognitive control of comprehension. Vocabulary knowledge enables young students
to read proficiently and comprehend the material. There are many diffieeémbds for
enhancing comprehension, one of which is through vocabulary development.

Elementary school students are exposed to a great deal of content area
information from the time they enter the classroom and throughout their education. By
learning how to comprehend the terminology and vocabulary they are presented with,
they are better able to grasp the underlying concepts, “...as understandrgglisbased
on background knowledge and vocabulary” (Fisher, Grant, & Frey, 2009, p.183). A
command of vocabulary, especially in science, is imperative because mmasy te
presented in this content area represent concepts that are entirely havembss
(Groves, 1995). Without a command of the meaning of the words, the underlying
concepts they label will never fully be mastered.

Vocabulary knowledge is “...not an all-or-nothing proposition” (Beck &
McKeown, 1991, p. 791). A child does not simply know or not know a word, but can

vary in the depth at which he/she processes words (Beck & McKeown, 1991). This



completeness or precision of word knowledge is one aspect of vocabulary which can
differentiate high and low ability students. Students who process new scientif
terminology at a “deeper” level will acquire and retain a better graspeohaterial.
Effective presentation for successful learning of vocabulary wordsahdiggues may
help to bridge the comprehension gap between students.

Many science classrooms currently incorporate literacy and vocabulary
development into the lessons through the use of “Word Walls” or “Word of the Day”
activities (McKee & Ogle, 2005). In common practice, teachers write thé @n the
board and present students with a sentence and definition of the word. Such an approach
highlights the meaning of the word and the visual representation of its written for
Often no attempt is made to link the word with a visual representation of its meaning,
which might enable the students to process the vocabulary term at a deeper level.
Interventions that focus on connecting content area words to their meanings through the
use of imagery are needed. Such strategies would scaffold vocabutanygea science.
Imagery

Whereas the idea that vocabulary instruction is essential to young lgarners
commonly accepted, methods of vocabulary instruction vary. There are a variety of
techniques that can aid students in their development of word knowledge and
comprehension. These techniques are based on different theoretical accounts, one of
which involves the use of imagery.

There is a close relationship between imagery and comprehension, as the
understanding of sentences, paragraphs, and passages is increased when rgestal ima

are formed (Anderson & Kulhavy, 1972; Pressley, 1976; Sadoski, 2005; Sadoski, Goetz,



& Fritz, 1993). Imagery can aid readers in making inferences and organizingatifam.
It has also been shown to be related to the perceptual, affective, and experientia
components of prior knowledge that affect the readers’ responses to text (Long,
Winograd, & Bridge, 1989).

Visual imagery has a large impact on vocabulary acquisition and comprehension.
Hibbing and Rankin-Erickson (2003) have found that students who lack the ability to
create images when reading experience comprehension difficulties. \®cabulary is
such an integral part of the science content area, it is important to incorpagésim
when instructing students on new meanings and concepts.

Mental imagery, or creating images in one’s mind, is a quasi-perceptual
occurrence that closely resembles the actual experience of perceiviag@is@ct, event,
or scene, but which occurs in the absence of relevant external stimuli (Thomas, 2003).
Images play an important role in memory and cognition, and can also facilitate
comprehension of text (Sadoski, 2005). Whether imagery occurs spontaneously while
reading, or if it is induced via presented pictures, it is important to understand its
influence on the development and implementation of effective vocabulary interventions.

Imagery training or inducement can influence performance on literacy tasks
(Sadoski, 1998). It has been shown that students who are induced via pre learning
instructions to generate either verbal or imaginal schemas outperformtswidjecare
not (Levin, Davidson, Wolff, & Citron, 1973). Teaching children to construct mental
images as they read has also been shown to enhance their abilities to nmekeeasfe
predictions, and to remember what has been read (Gambrell, 1983; Pressley, 1i876). T

study examined different formats for using imagery to support vocabulamrgain



one condition, students were instructed to create images on their own to help them
remember vocabulary words. In another imagery condition, students were provided wit
the pictures by the researcher. The third imagery condition employed bgjh ima
presentation and image creation.

Dual Coding

Imagery can be incorporated into vocabulary interventions in a variety sf way
One of the most comprehensive theories which accounts for vocabulary, imagery, a
cognitive processing is dual coding. Paivio’s dual coding theory posits thationgni
consists of two separate, but interconnected and interacting mentalsyastegnbal
system for language and a nonverbal system for imagery. These systemb/ar
partially connected and can function independently or in an integrated fashion.
Processing, according to this theory, occurs at the representational ldwekaosion,
meaning that representation in one code does not necessarily imply activatien in t
other. Therefore, “...one code can be active without the other, or both can be active in a
parallel fashion” (Sadoski & Paivio, 1994, p. 548).

Dual coding theory assumes that information stored in two codes is better
comprehended and remembered than that which is stored in one code. This is because
when information is encoded both verbally and nonverbally “...the information is
elaborated, promoting increased comprehension and a strengthened memory trace”
(Sadoski et al., 1993, p. 291). There is an additive effect of dually coded information, in
that knowledge stored this way potentially is remembered twice as weltafibe
however, is modified by factors such as readability, context effects, aadtext

familiarity (Sadoski et al., 1993).



Another element of dual coding is the “conceptual peg” hypothesis in which
imagery serves as a natural mnemonic or peg, on which information is hung (Sadoski &
Paivio, 1994). This suggests that mental images can serve to organize and unify
information, as well as facilitate the recall of this information (SadosHi €1993).

Being that concrete words evoke more imagery, these words tend to fathitaéeall of
information associated with them better than abstract words. Concrete cues,rhoaeve
be provided to help facilitate the recall of abstract information, which isatypid¢he

recall tasks students receive in educational settings (Sadoski et al., 1993).

It is easier to access the definitions of concrete, as compared to abstdstas
abstract language has less connection to imagery. Words that are cbhaceetirect
sensory referents and evoke a web of language and meaning. Concrete wdstds are a
translated faster and more accurately than abstract words, and are taetted r(&an
Hell & de Groot, 1998).

Recently, this theory of cognition has been advanced as a general theory of
literacy (Sadoski, 2005). The verbal code is specialized for representing aesispigc
language, which includes speech and writing. The nonverbal code deals with the
representation and processing of nonverbal objects and situations. Complete knowledge
of words and their meanings is explained by the interactions within and between these
two codes (Sadoksi, 2005). For example, processing by both codes facilitates the
understanding of the word “tree.” In the verbal pathway, words such as “trunk,s,”root
and “leaves” can be associated with the word. In the nonverbal pathway, images of tre
and past experiences with them are evoked. By combining both types of knowledge, a

comprehensive understanding of the word is created.



Depth of Processing

The interventions used for this research also aimed to increase the delpithat w
students processed the “to be learned” information. A wealth of researchupasethe
theory originally put forth by Craik and Lockhart has shown that “depth of pragéssi
positively related to the amount of information that is stored in memory (Weiss,
Robinson, & Hastie, 1977). Depth of processing refers to the degree of semantic
involvement with a particular task. Deep encodings are associated with leigélerdf
performance (Craik & Tulving, 1975). Thus, the more effort a student puts forth when
encoding information, the better able he/she will be to retain and lateveatrfrom
memory. It was anticipated that the students in the imagery interventidns study
would encode the meaning of the vocabulary terms at a deeper level, as stimuéi that ar
“...enriched by associations or images yield a deeper encoding of the eventpagd a |
lasting trace” (Craik & Tulving, 1975, p. 270).
Synthesis

Science is a discipline which relies heavily on students’ ability to understand ne
terms and concepts. In order to comprehend material, students must have a staoyg liter
background, especially with regards to vocabulary knowledge. Research, often based on
the dual coding theory, has shown that words and text which enable the formation of
images facilitate recall (Anderson & Kulhavy, 1972; Pressley, 1976; Sa@0§l&).
Also, words which are elaborated through the use of images are processed at a deep
level, further assisting in the process of encoding the information. Giveimidges are
so useful for learning they should be employed in content areas such as sclezipe t

students understand and learn the material presented to them.
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Present Study

Images play an important role in memory and cognition, and can also facilitate
comprehension of text (Sadoski, 2005). The study used imagery as a way to manipulate
the depth at which information is processed. In order to test the utility of iyniager
vocabulary learning, a 1-between-subjects, 1-within-subjects repeatsdes design
was employed.

The study examined four interventions which aimed to better enable fitte gra
students to acquire and retain the science information presented to them in their
elementary school classrooms. These interventions were created @$ &f regiations
in the way in which the vocabulary was presented to the students: specifi¢hlly wi
regards to the presentation of pictures and instructions to create mentd.iMdmgpther
the images were presented, or if the students were induced via instructionseto crea
mental images, it is important to understand their potential contribution to the
development of effective instructional interventions.

This study focused on an elementary school sample, because having a strong
understanding of scientific terminology is imperative for young studentsuédergs
progress through school, they are exposed to an increasing number of vocabutaagitem
well as more complex reading material, especially in the area oftcsciBy intervening
early on, we are better able to prepare students for what lies ahead.p&ithis a
student’s educational endeavors, it is imperative to lay the foundations in sshélsce
and understanding to allow for future learning.

The content on which the students were instructed was information from the

middle school biology curriculum, specifically the key words needed for complete
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understanding. These supplemental science vocabulary lessons wemeedrasen
enhancement program for fifth grade elementary school students, and as susth éocus
vocabulary typically presented to middle school learners. Biology wasrmlasst is a
challenging part of the science curriculum presented during middle schooldicrt
the New York City Department of EducatiorKs8 Science Scope and Sequence (2008),

the life sciences are introduced in the sixth grade, with specific attdrming paid to
diversity of life and the structure and organization of living things, whereapéebdis
components of cells and how they function is instructed in the seventh grade.

If fifth grade elementary school students were able to learn the cavignt area
words as a result of the use of the interventions, it would demonstrate that studdrgs ca
taught to master complex material at an early age and that imageatéacdcabulary
learning. Furthermore, by getting a handle on these concepts before tfayrailby
presented in middle school, students would be able to approach their biology unit with a
stronger base of knowledge and less anxiety; an added educational behefit. If t
interventions were successful, the students would also enter middle school with a
complete ownership of these terms rather than just mere recognition of them.

Specifically, the study examined the presentation of biology concepts and
vocabulary using a 1-between-subjects, 1-within-subjects repeatedresedssign. The
between-subjects factor, the intervention assigned, had four “levelsspgonaing to the
four different conditions employedlhe within- subjects factor, outcome measures, had
two “levels,” the immediate and delayed recall time points.

The key vocabulary items needed to understand the concepts were instructed

using: a) a Word Only intervention, which involved the simple verbal presentatioa of th
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scientific terms and concepts; b) a Picture Presentation interventiohicin pictures

were paired with the vocabulary; c) an Image Creation- No Picture intemgin which

students were told to create mental pictures in their mind and draw them on pdpbr; a

an Image Creation- Picture intervention, in which students were presdtiiguictures

and then told to draw them on paper. The Picture Presentation and Image Creation- No

Picture interventions were directly compared with the Word Only interverdion t

examine the relative utility of presenting images versus credtang.tThe final

intervention, Image Creation- Picture, employed both presentation andcneagjen,

and as such should have demonstrated an additive effect for facilitating vogabula

learning. The effectiveness of the interventions was studied in terms of Hiotheve

benefits conferred transferred to improvements on comprehension of compleiticcient

ideas and concepts through the use of researcher-generated vocabulary measures
Such a study has implications regarding the way to organize instruction in the

elementary science classroom. With a clear understanding of how studentsulmesté

can develop ways to enhance comprehension. Teachers will have options when designing

instruction with the goal of enabling students to learn new and complex vocabulary and

concepts. They will also be able to assist their students in generalizikgakedge to

improvement in their overall comprehension. There is hope that if students become more

aware of these interventions and their benefits for learning, they will utikse

strategies on their own when exposed to new terminology. Finally, creatingemtiens

that enable students to learn vocabulary and concepts within the science clasboaom,

literacy and science instruction to be integrated, and as such is benefittiaetat s
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learning. By providing students with effective interventions early on, we atagtiiem
on the correct path to be skilled lifelong learners.

Based on the above discussion, the specific research questions investighied by t
study regarding the acquisition and retention of the science vocabulary temrasswer
follows:

Acquisition

1. Does the use of imagery enable students to score higher on the researcher-
generated immediate recall outcome tests, demonstrating increased
comprehension? In other words, is a picture worth a thousand words?

2. Does the depth at which the students process the vocabulary influence students’
acquisition of the “to be learned” information? In other words, would processing
the information “deeper” produce better learning as measured by the number of
items scored correct on immediate recall vocabulary outcome measures?
Specifically, it was predicted that:

a. The Image Creation- No Picture intervention, which employs image
creation and requires the deepest level of processing as a mental image
must be created relying on the student’s understanding of the word alone,
would be be more effective than the other three interventions in terms of
the number of vocabulary words the students acquire.

b. The Image Creation- Picture intervention, which employs both image
presentation and image creation, would be more effective than the Picture

Presentation and Word Only interventions in terms of the number of



3.
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vocabulary words the students acquire, as Image Creation- Picture requires
a deeper level of processing.

c. The Picture Presentation intervention would be more effective than the
Word Only intervention in terms of the number of vocabulary words the
students acquire, as Picture Presentation requires a deeper level of
processing being that the picture is provided.

In contrast to the prediction addressed in 2a, would the Image Creation- Picture
intervention be more beneficial to students in terms of vocabulary acquisition
compared to the Image Creation- No Picture intervention? In other wordsres t
an additive effect of image presentation and image creation? The ImagjerGrea
Picture intervention may also help clarify the meanings of the words asgsict

are provided before the students are instructed to draw them. This prevents
students from developing inaccurate mental images and drawing pictures which

do not represent the meaning of the word.

Retention

1.

2.

Will students who are instructed via the imagery interventions, those which
involve image presentation, image creation, or a combination of the two, display
increased ability to remember the vocabulary words on delayed outcome
measures compared to the students in the Word Only intervention?

Will the differences between each of the imagery interventions in terms of the
number of vocabulary words retained follow the same pattern at delayddsecal
outlined in the acquisition hypotheses? Or, will the differences between the

imagery interventions diminish due to the loss of information over time?
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Participants’ Perceptions of the Interventions
1. Will student responses obtained from the vocabulary learning evaluations and
student discussions display the same trends as the vocabulary outcome measures?
2. Will student responses garnered from the discussions support the quantitative

results?
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CHAPTER 2
Literature Review
This chapter is comprised of three major subdivisions. The first subdivision

consists of a discussion of science education and its integration with litieralep.

includes information regarding literacy and two of its components: reading
comprehension and vocabulary development. Second is a section on imagery, how it is
used in both science and literacy, as well as how it facilitates the aioquigitto be

learned” information. The dual coding theory and its relation to the preserad

learning of vocabulary using imagery are also described. The thirdrexhd@dibdivision
synthesizes the research in this chapter on science education, literamtiorst
vocabulary, imagery, and dual coding, and provides a rationale for the study.

Science Education, Literacy, Vocabulary Instruction, and their Importarce for the

Effective Instruction of Students
Science Education
In the era of No Child Left Behind, it is often a wonder that objectives fanszie

instruction such as those described in the National Science Education Standaci&(Nati
Research Council, 1996) can even be considered. Schools have adopted policies across
the nation in which they are rewarded or sanctioned based upon their students’ scores on
standardized tests. Many share the concern that students will improvedhaesas such
as math and reading due to the emphasis on these subjects in school, while other content
areas such as science will fall to the wayside (Winters, Greeneyi,12D08). Studies

have shown that as a result of high stakes testing, teachers have ad)ursbethéivéors

accordingly, focusing more on the tested subjects and less on other conte(iti@neas
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York State Education Department, 2004). On a more positive note, there is evidence
which suggests that student science proficiency does increase as a résiftiofteases
in reading and math. Basically this means that learning in reading andangatbwges to
learning in science (Winters et al., 2008). Integrating subjects, suclrasyiand
science, will also lead to such a benefit (McKee & Ogle, 2005).
Literacy

McKee and Ogle (2005) use a broad definition of literacy which includes “...the
ability to use reading and writing, speaking and listening sufficientlytaveingage in
thinking and to communicate ideas clearly. [It also incorporates]...the abilitytically
analyze and evaluate information...” (p. 2). McKee and Ogle stress the imparfance
vocabulary knowledge, a key component of literacy, which is the ability to think about
and understand the meanings of words. In order to think about the material one is
attempting to master, it is important that he/she is able to understand the spataiit
terminology that identifies the ideas or phenomena presented. With refeyesooence
instruction, without comprehension of specific biology vocabulary words, students will
not be able to relate them to one another or to the information presented and grasp the
“bigger picture” the words are used to convey. One must master the basics befoigg movin
on to more complex material.
Science and Literacy

The role attached to literacy in science education has changed a graatliea
past thirty years based on the models of the applied cognitive sciences. Bisfored,
science education was dominated by a behaviorist or logical-mathdmatsgective in

which reading and writing were largely ignored. When these components were
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incorporated into the curriculum, it was in the form of a unidirectional processptex
reader or speaker to listener (Yore et al., 2003). As a result of developments in the
literacy and science disciplines, as well as insights into human cognition and the
application of communication technologies, the two fields have incorporated elements
from one another. Science education has incorporated literacy into its models ofgteachi
and learning. This integration of science and literacy has in turn influencecety ri
educational reforms, curricula, and classroom practices (Yore et al., 2003).

Whereas studies in the late 70s and early 80s focused on issues of science
textbooks’ content and style, a much more interactive view of the student asea isar
now the focus. In reading a text, readers must process information by switcthrgniola
forth between perceptions of text-based information and personal experienedsrstor
memory that are related to the ideas being read (Yore et al., 2003). Taerefo
connection between the words presented and the concepts they represent is of utmost
importance.

The National Science Education Standards have emphasized the importance of
connecting science with other school subjects (National Research Council, 1199@). A
same time, the need to incorporate literacy into science content, providing stuitlents
opportunities to read, write, and present has been emphasized (Douville, Pugalee, &
Wallace, 2003). Douville et al. (2003) note that integrating the curriculum across
disciplines has benefits for both teachers and students. Teachers are ablbf deve
professionally through the construction of connections between material, andsardent
able to make use of academic skills and materials in real-world leactivigies

(Douville et al., 2003).
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McKee and Ogle (2005), in discussing the integration of literacy and science
content, note that the two work together to strengthen and clarify learning in each
respective domain. These disciplines also help motivate students to understand what is
going on around them. They state that one goal in every classroom should be to help
students develop a desire to learn the meanings of new words and understand their uses.
The stronger a student’s literacy skills, the better his/her graspeotceamaterial.

Language becomes the pathway by which scientific understanding iset¢€hier &
Daviss, 2002).

Thier and Daviss (2002) state that effective science teaching and ¢garain
dependent on strong language skills in that science and language are joined in the
“...pursuit, determination, and communication of meaning in the context of the physical
world” (p. 8). The marriage of literacy and science also enables individualsftormt
guestions that require the use of scientific thinking and understanding of scientific
information. Yore (2003) notes that language mseans for “doing” science and
constructing understandings. It is alscead in that information regarding procedures
and scientific understandings is relayed to others, so they in turn can make thforme
decisions. Language is useful for both creating and conveying informatiorudgsg
both oral and written, is an important component of science instruction and learning.

Integrating literacy and science can also lead to benefits in readingrceptual
thinking. In their study examining Concept-Oriented Reading Instruction (ORI
Guthrie, Anderson, Alao, and Rinehart (1999) implemented a yearlong integration of
reading/language arts and science instruction. CORI involves conceptuas theahe

world science interactions, strategy instruction, peer collaborations, wcigstrof
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portfolios, as well as other interactive approaches to learning. CORI in¢tudgshases:
observe and personalize, search and retrieve, comprehend and integrate, and
communicate to others. For example, in the first phase, students go into the field and
explore a subject using hands-on activities. The students generate questions based on
their observations. In the second phase, the students work to retrieve informatgxh rel
to their questions. Then they attempt to integrate their findings and share ithem w
others through discussions, presentations, and written exchanges.

In this specific study, 53 fifth grade and 67 third grade students were taught life
science and earth science concepts using CORI, while an additional 53 fiftts gnade
66 third graders received traditional instruction. Students were given parfoem
assessments in reading/language arts designed to measure aspgecésyoéhgagement.
Half of the students were randomly selected to take an assessment based oncgonds a
desserts, and the other half on volcanoes and rivers. Participants were gives,pictur
instructed to write everything they already knew and what they wanted to find odt base
on the pictures, and were told to log their search for information. They drew pictures
representing the differences between the two items they were given and ghrokitten
explanations. Students were also given expository and narrative textsggradatie pair
they received and answered questions based on the passages.

Results demonstrated that the students instructed with CORI showed academic
benefits. In terms of conceptual learning, the CORI students did better theadthertal
students < .02). The fifth graders also did better with regards to conceptual learning
than the third graders under both instructional conditiprs.001). The CORI students

also scored higher than the traditional students in terms of motivated strategyeuse
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seeking informationg < .05), but no main effects for grade level were shown. Finally,

the CORI students scored higher on text comprehension, as compared with the traditiona
students (p < .03). Overall, the higher level of reading engagement which is edittidout

the principles of CORYI, led to increases in students’ literacy abilities ane ot

learning. Linking disciplines within the curriculum affords students manyrddges.
Components of Literacy: Reading Comprehension and Vocabulary

The integration of science and literacy is beneficial for students (McK@gl&,

2005). However, one cannot understand the full impact and importance of literacy
without a discussion of two of its major components: reading comprehension and
vocabulary. Without a strong command of vocabulary and the ability to take meaning
from written text, understanding new concepts would be nearly impossible.

Word recognition, comprehension, vocabulary, and rapid access to meanings are
essential skills for young students. Biemiller and Slonim (2001) report thdterhlearn
approximately 800 to 900 root words a year through the age of twelve. The acquisition of
these words is essential for reading comprehension and reading developmey, (Rupl
2005). There are many causes of reading difficulties; however, poor vocabulary
knowledge is a significant contributing factor for many poor readers (Rshe
Blachowicz, 2005).

Reading comprehension is the process of constructing and reconstructinggmeanin
from printed material (Miller, 1993). This meaning emerges from the intengdhat
occur between reader and text, and between the knowledge, skill, and motivation of the
reader (Aarnoutse & Schellings, 2003). Reading comprehension is an interamtiesspr

which requires an individual to access his/her prior knowledge. It is also a procelss whi
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involves complex organizational strategies on the part of the reader (Levin, 1973).
Through this active process, readers try to understand the written messageraéttre w
the lexical, syntactic, semantic, and pragmatic levels (Aarnoutse, vawée&
Verhoeven, 2005).

Reading comprehension not only requires the skills associated with reading such
as accurate and fluent word recognition, but it also requires the knowledgeaof and
vocabulary (Goldenberg, 2008). According to Paul (1989), good readers are those who
know several meanings of numerous words, and poor readers are the individuals who
know few words or only one meaning of common words. A large vocabulary base helps
readers further their learning and their formation of concepts and ideas. Salow e
(1998) state that people’s ability to infer and retain words is dependent upon their
background knowledge of other words and concepts.

Vocabulary is the knowledge of the lexical meanings of words and the concepts
connected to these meanings (Aarnoutse, Van Leeuwe, Voeten, & Oud, 2001).
Differences in vocabulary size affect word recognition skills atageleading
comprehension (Beck & McKeown, 1991). Beck, Perfetti, and McKeown (1982) state
that the best situation for comprehension occurs when all of the words in the text are
highly accessible, and as such are well understood. In such an instance, yaaesbe
directed towards the meanings of sentences and passages, and is not interrupted by
individual word searches. If there are too many unknown words, gaps in comprehension
are created, and the student will have difficulty constructing meaning. Tidsiltif will

divert attention to the search for specific word meanings, and will interfénetvei
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processing of text. Not knowing the meaning of words in a text is an impediment to
understanding it (Braze, Tabor, Shankweiler, & Mencl, 2007).
Vocabulary and Comprehension: The Relationship

Vocabulary instruction and reading comprehension are intertwined. Enhancing
the development and growth of the vocabularies of children enables them to better
comprehend what they read, as struggling readers’ comprehension improves with
vocabulary instruction (Rupley, 2005). Furthermore, Cunningham and Stanovich (1997)
have shown that knowledge of vocabulary assessed in the first grade predicts over 30% of
reading comprehension variance in the eleventh grade.

Not only are these two constructs related, but there is a unique reciprocal
relationship between reading comprehension and vocabulary. Vocabulary knowledge is a
significant predictor of comprehension, as knowing the meaning of the words in& text i
necessary for understanding it (Braze et al., 2007). While a good vocabulary base is
needed to comprehend the text one reads, the more reading an individual does, the better
his/her vocabulary becomes. Vocabulary and reading comprehension “...share a
nurturing relationship, each supporting the growth and development of the other”
(Rupley, 2005, p. 203). It has also been found that vocabulary growth and development
of reading comprehension are mutually reinforcing between the second andaieh g
(Aarnoutse & van Leeuwe, 1998).

Vocabulary also facilitates the relationship between decoding and compoghensi
Many students with learning disabilities, especially in the area dingapossess much
less vocabulary knowledge when compared with their typically achiee@g pThis is

detrimental, not only to their reading comprehension, but for their ability to decase te
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Braze et al. (2007) conducted research on young adults between the ages of 16 and 24
with reading difficulties and found that weakness in word knowledge may compound
weaknesses in the ability to decode words. Based upon their research, readergewho ha
poorly developed lexical representations will have a disproportionately haréewiim
word identification as well. Given that word identification is a skill influenhaleading
comprehension, the findings of Braze et al. suggest that efforts directed latlaoga
development would be helpful in reading instruction.
A large vocabulary base facilitates education in that it is stronglieceto
reading comprehension and overall school achievement (Beck, McKeown, & Kucan,
2002). If reading skills are acquired efficiently, the abilities masteadi o growth in
other cognitive skills and overall understanding of information taught as vietd&ch,
1986). This applies to all domains of knowledge, especially in content areas such as
science. If a student cannot read and understand the words in the text, he/fsbebsill
able to learn the concepts the words are used to describe. This may explain the widening
achievement gaps between those who read well and those who read poorly (Levin, 1973).
Insufficient vocabulary knowledge can be a cause of reading difficulties for a
large percentage of students whose progress appears normal during the farsthiree
years of instruction, but who fall behind between the third and seventh grade. This is
because reading changes from a process of learning to identify wordsethleady in
the child’s spoken vocabulary, to becoming a vehicle for acquiring knowledge. The
tendency for students to fall behind during this time is serious, as remediation gogram
are not as effective at this point (Shand, 1993). As the level of difficulty of ad<igxts

increases, reading problems will worsen, as it becomes harder for a student to
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comprehend the words used (Shand, 1993). Early intervention is important, as putting
children on the right path of reading and vocabulary development enables them to be
efficient lifelong readers.

A number of empirical studies have demonstrated the importance of vocabulary
for comprehension. Marks, Doctorow, and Wittrock (1974) examined sixth grade
students, who were assigned to two different groups and given reading passages. One
group was presented with a passage containing high frequency words, and thétlother w
a passage containing low frequency words. Those who read the high frequethcy wor
version scored 25% higher than the low frequency words group on comprehension
qguestions. This finding was replicated in a subsequent study by the same sx¥search
(Wittrock, Marks, & Doctorow, 1975).

Stahl and Fairbanks (1986) also found a large effect size (.97) of vocabulary
instruction on reading comprehension in their meta-analysis of 52 vocalkiuldigss In
the studies they reviewed, students who were given vocabulary instruction showed
improvement on reading tests to the extent that they scored compardigy fweers
who were not in need of vocabulary remediation. Specifically, their resultedhibat
“...on the average, children at the"5ercentile of groups receiving vocabulary
instruction scored as well as children at th& B8rcentile of the control groups on
passage comprehension measures [after various interventions]...”(p. 245). Vocabular
instruction was also shown to have a small significant effect (.30) on reading
comprehension of passages in standardized tests that did not contain the taught words.
The methods that produced the highest effects on comprehension and vocabulary

measures in their review were those that involved both definitional and contextual
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information about the to-be-learned words, a finding of particular significantkd
study presented.

It is important to note that while the relationship between vocabulary knowledge
and reading comprehension seems logical, it fails to find consistent strong sapport
terms of research. While some studies have found that instruction in vocabulaageascre
reading comprehension (Beck et al., 1982), others have failed to find an effec&Pany
Jenkins, 1978). Due to disparate findings, and often weak relationships, researahers hav
been cautious in claiming a causal effect of vocabulary knowledge on réStaud,

1993).
Individual Differences in Vocabulary

Children display a wide variety of individual differences when it comes to
vocabulary knowledge, which undoubtedly influences learning and instruction in school.
Some children enter the classroom with a great deal of exposure to books and a wealth of
literacy experiences; however for others, these experiences may bengjioee. li
Children from lower income homes are usually at a disadvantage, because¢here
as many literacy resources, and/or their parents may not engage irtitagjyisch
interactions with them (Apthorp, 2006). Furthermore, low income pre-schoolers may
have been exposed to 50% fewer words than their more advantaged peers upon school
entry (Fisher & Blachowicz, 2005).

In examining the developmental component of vocabulary learning and
acquisition, Biemiller and Slonim (2001) have shown that clear differences between
children in terms of the vocabulary they have acquired are apparent before sacand g

This is because by Grade 2, most, if not all children have begun to read to some degree.
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Those who are able to read more proficiently are exposed to more words, whichemcreas
their level of vocabulary. The researchers also cited Case’s cognitieksgdmental
theory, which emphasizes working memory capacity. At around age 7, children become
capable of asking questions about vocabulary they do not know. This allows many
students to further elaborate on words they are unsure of and store them in memory. This
corroborates Biemiller and Slonim’s observation that by around second grade, mos
children are aware of what words they know and do not know, and are capable of seeking
help. During this developmental period, differences in vocabulary size may bedloy
teachers and caregivers. These differences become more apparet¢stigree and
above, when the comprehension of written material exceeds the abilities ofrchiithre
low levels of vocabulary knowledge, preventing them from achieving a sufficient
understanding of the text (Becker, 1977; Biemiller, 2003). Coyne, McCoach, and Kapp
(2007) note that young children who fall behind in their vocabulary knowledge are at
greater risk of being identified as having a reading or language disalildyder to
reduce or prevent achievement gaps, teachers must get children on to thgeigbtyra
of vocabulary growth and reading development and help them maintain that growth
(Apthorp, 2006). Therefore, as with reading, educators’ chances of successfully
addressing vocabulary differences and potential achievement gaps éestdgnethe
preschool and early primary years (Biemiller & Boote, 2006).

While vocabulary interventions do generally target poor readers, they oféen off
detailed instruction focusing solely on the vocabulary words presented. Howevéhngit i
below-average readers who need early and varied types of interventions the most. This

would help to build up their literacy skills and overall cognitive development (Stanovich,
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1986). It is imperative for teachers to intervene early on in a student'stiedataareer,

to prevent him/her from falling behind to such an extent that his/her educational progress
is seriously delayed. The longer we wait, the longer the student fails torearwfitten
content area materials, and the greater the increase in negative attitadkdchooling.

This is likely to discourage the student (Shand, 1993). It is advisable to not onlyfyntens
vocabulary instruction for those students who are most at risk for acadenuuol s,

but to instruct them with multiple methods in order to find one that creates the perfect
“fit” between the learner and learning intervention. This would serve to engage the
learner and prevent further problems.

Good and poor readers differ not only in the amount of vocabulary learned, but
also in their vocabulary knowledge perceptions. Able readers are accurate abaifut hal
the time in estimating what vocabulary they know and over-estimate the Wweydink
they do not know. Less able readers are accurate in estimating what they do not know,
but over-estimate what they know (Drum, 1983). In order to assess their abéity le
accurately, it is important to objectively test students to determine tteal &knowledge
of vocabulary.

Teachers must also identify their students’ vocabulary abilities in tbecsci
content area, as this domain relies on novel and technical terminology. Students must be
capable of learning the specific words needed for understanding theahatesented.
Teachers should tailor their instruction in such a way as to identify ssndéptare
having difficulties with the content area vocabulary early. While the stuebepted

looked at older students, who for the most part have a mastery of general vogabulary
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these students are embarking on learning novel information in a new content area, thus
making their ability to comprehend the terms of utmost importance.
Vocabulary and Its Importance for Science Instruction

While a good command of vocabulary is necessary for all subjects, its effiects
learning are all the more apparent in content areas such as scienuee 8a®its own
language, in which students are introduced to either completely new words or novel uses
of familiar words. Wilson (1998) states that a particular scientific wordldhze taught
to students at the appropriate time, such as when it will fill a gap in the children’s
knowledge and when they have a clear need to use appropriate vocabulary to describe
something that has been experienced. Wilson claims that if executed gowect
learning can enhance science learning. This in turn will facilitatectmenand of more
complex language skills such as speaking, reading, and writing.

Yager (1983) notes that terminology is a central feature of most science
textbooks, and as such is a major focus in K-12 science instruction. This is because many
science teachers use textbooks to determine what students must learry, andhel
terminology they contain to guide their instruction. Even in classrooms today,reache
assign large portions of text for students to read to supplement their classroonglea
Therefore, “...science requires a disproportionate percent of time for vanamastery”

(p. 586).

Yager (1983) found that more attention to vocabulary is necessary in science
classrooms than for mastery of a foreign language. Through an analygcsfdth grade
textbooks, he determined that the total number of new science vocabulary presented

during the school year was around 2,720 words. Yager claimed that the resesarch wa
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weak regarding the agreement among foreign language scholars concerningavgcabul
however 1,250 words instructed during any one of the middle school years was the
generally accepted amount. This was far fewer than the number of sciemse w
elementary school students were expected to master. In Yager’s reseattmpt was

made to avoid counting words more than once; however, an analysis by Groves (1995)
found that while there were not as many new vocabulary terms in sciencestexts a
previously reported, the vocabulary load was still very high. Even though instriets
changed throughout the years, the amount of words presented in the science cantent are
is still extremely high, and consequently interventions to facilitate flogegicy with

which students learn and retain vocabulary should remain a priority.

A good command of vocabulary influences science achievement. Yore (1987)
found through his pilot study of 54 fifth grade students in British Columbia that ¢enera
reading vocabulary and reading comprehension were associated with science
achievement and the ability to read science text. In order to measure stuehatitgj r
vocabulary, a 50-item test that required the participants to identify a wenchiter
meaning to the given word was used. Students were also given the Gates Mat€siniti
to assess general reading ability, a measure similar to Cloze tesasnioe reading
comprehension, and teacher designed tests to determine science achievemesn@nd sci
reading ability. Results showed that the highest correlation was found betaeargr
vocabulary and science achievement 0.51). The second highest50.35) was
between reading comprehension and science reading ability.

If students cannot comprehend the words they encounter in a new science text,

their focus is on decoding terms, rather than thinking about meanings and understanding
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the material (Allington, 2001). This poses a challenge, not only for the students, but for
the teachers as well. Instructors are left with the task of helping studentsyi the key
terms that must be learned, as well as differentiating these terms fiowothenon

everyday uses, as many scientific words have more than one meaning. Vocabulary
development ensures a sturdy basis for learning, as well as the ability tetander
scientific concepts. Referring to the integration of literacy and sciastrecction,

McKee and Ogle (2005) state, “teachers who both encourage students to attend to new
words and provide a structured approach to vocabulary development can help students
build their interest and knowledge” (p. 57).

Students must also be able to connect the vocabulary word to the underlying
concept in a deep and meaningful way. Yore et al. (1998) note that efficient, flccess
readers of science text material “realize that words are lajraldefas....and text is
stored descriptions of ideas...” (p.34). Effective learners do not treat the word as an
isolated piece of information, but rather a part that enables them to develop ateomple
understanding of the content they are learning. In order to acquire this level oé&gewl
about the word, effective vocabulary interventions must be employed.

In current practice many elementary school teachers have “Word Wakséw
the words students learn during instruction are listed in alphabetical ordenemit
words inserted every time the students are presented with them. Upperdekelsealso
often introduce a “Word of the Day” to help students expand their vocabularies and
encourage students to keep vocabulary journals which they can review on their own time
(McKee & Ogle, 2005). While this does serve as a way to connect a visual component

with the verbal presentation of the word, which will be the subject of the next section, the
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focus is on the visual presentation of the word’s spelling, rather than on a connection to
its meaning. This may assist the students in remembering the order dfdiseviden
they write the word, however, it will not help them connect the meaning to the word or
master it. The same problem arises when considering the use of concept maps. These
pictorial representations can be used to display the relationships betweewonds,
but do not connect the meaning of each word to the word itself. There is a need for
imagery interventions that focus more specifically on connecting words ttnmgea
When images of words are presented or are created by the students thethesiges
pictures serve as a way to master the concept underlying the words, and adlshelp
the students acquire the vocabulary and retain it in memory. This is the main fdugs of t
study. Even if the word instructed is simple and concrete, newly acquired vocatarary
help students create and comprehend broader abstract concepts. Pictures help build
concepts and should be incorporated into science learning.
Vocabulary Instruction and Interventions

Memorization of definitions is not an effective way to learn science vocgbular
With the amount of words students are expected to comprehend, they may forget which
words correspond to which definitions. If this happens, many vocabulary terms will not
be fully understood, and as such the students will only have a shallow grasp of the
material. Dale (1962) has cautioned that excessive emphasis on wordsoapainefr
meaning results in memorizing subject matter with mere verbalismsathseachers
should emphasize meanings, and not just the words. While this was in reference to

reading teachers, it certainly applies to the sciences.
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There is also an important distinction between knowing the meaning of a word
well enough to pass a vocabulary test and knowing it well enough to comprehend it in
text and use it appropriately (Beck et al., 1982). Shand (1993) states that the most
important accomplishment of education is to “...assure that all students, by thhdyme t
reach the point at which reading becomes a principle vehicle for the expansion of both
vocabulary/concept and world knowledge, have developed a vocabulary of sufficient
breadth and depth to enable them to comprehend the materials that they will encounter in
school” (p. 11). The goal of vocabulary instruction is to facilitate studentsyatoili
handle language, specifically with comprehending text (Beck & McKeown, 1991). Snow
et al. (1998) note that vocabulary instruction results in an increase in studenfs speci
word knowledge, and also leads to better performance on global vocabulary sieasure
such as standardized tests. Instruction also facilitates an incredsieian’s reading
comprehension abilities (Snow et al., 1998).

Many teachers supply their students with definitions of unfamiliar wordagluri
the reading process, under the impression that simple exposure to the meahimp wil
children acquire the new vocabulary. Research has failed to support this assumption and
shows that supplying meanings has little impact on acquisition, and fails tb affec
comprehension (Pany & Jenkins, 1978; Pany, Jenkins, & Schreck, 1982). McKeown
(1991) contends that definitions can serve as a source of independent word learning, but
should be viewed as an initiation event in learning about a word instead of the primary
vehicle for learning the word. He notes that younger students encounter a dgrefit dea
difficulty understanding formal academic definitions when compared to ola#erds.

These problems may be due to issues such as vague language, or that younger childre
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find it hard to relate the components of definitions and use them to form a clear concept
of the word and its use.

In the classroom, children are exposed to a great deal of vocabulary words. Whil
many students are able to pick up the meanings of new words through incidental
exposure, those who are at risk for reading disabilities and who start off witlera low
initial vocabulary cannot do this as effectively (Stahl, 1991). Also, when it comes to
complex and more abstract vocabulary words, mere exposure and context clues in
naturally occurring prose may not lend themselves to inferring the tareaming of the
words (Beck & McKeown, 1991). These findings indicate that for many students,
explicit and direct instruction of vocabulary words is necessary (Bienill®1).

Penno, Wilkinson, and Moore (2002) state that a combined approach to
vocabulary instruction, which includes both incidental learning and contextuallymeleva
instruction, is ideal. Their study set out to determine if exposure to new vocalbemasy i
within the context of a story would result in vocabulary learning. They alsuiead the
effects of frequency of exposure and teacher explanation of target wordsnomgear
Forty-seven children from two classes between the ages of five andrerghAuckland,

New Zealand were used for the purpose of this study.

Participants were given two vocabulary pretests to measure their initia
vocabulary knowledge and were then randomly assigned to two groups. Students in the
explanation treatment group heard a story and the reader explained the meanings of 10
target vocabulary items in context. Those in the no explanation group heard the story, but
the reader gave no explanation of the vocabulary items. The stories and outcome

measures were repeated an additional two times. After the treatmempattibipants
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were given multiple choice vocabulary tests to assess their familiatityhe target
vocabulary words and a retelling task, designed to measure their use of thevoadget
Results showed that while vocabulary learning occurred incidentally whéaihig to a

story, as evidenced by a change frdvin= 3.16 questions correct on the pretestite

3.69 posttesty(< .01), greater gains were made when the teacher provided explanations
of the vocabulary words. Students who heard explanations weniMrer.76 pretest to

M = 5.33 posttesi(< .01). While gains can be made from incidental exposure,
explanation is beneficial.

Not only is the type of instruction important, but the style and organization the
teacher uses to disseminate information is necessary to consider. Paul {dt@83at
teachers must provide direct, systematic vocabulary instruction, and be satethtatn
is given to the entire conceptual framework elicited by the word. Instrustiould also
build upon prior knowledge. Furthermore, students should have multiple exposures to the
words they are being instructed on across time, to promote understanding (Bryant,
Goodwin, Bryant, & Higgins, 2003). In the study presented, students were provided with
multiple exposures to the words utilizing different modalities.

Researchers have found that the more direct the instruction of vocabulary, the
better the students’ acquisition of word knowledge (Pany & Jenkins, 1978; Pany et al.,
1982). Pany et al. (1982) evaluated teaching procedures frequently employed to improve
vocabulary, determined the applicability of these procedures across |gaeertd
examined the relationship between methods of vocabulary instruction and reading
comprehension in a series of three experiments. For the first experiment, 12 fadeth gra

students were examined, and were given a 65-item multiple-choice vocakstamhich
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consisted of words judged to be unfamiliar to them. These words all had shorter, more
familiar synonyms. Four different treatments were used to present tbe:Wganings

from Context, in which a sentence was given, but no direct instruction was provided on
word meanings; Meanings Given, in which a sentence and the meaning were given;
Meanings Practiced, in which the students were given the word, a synonym, and a
sentence containing the synonym; and No-Meanings Control, in which just thevasr
presented. Two vocabulary and two comprehension measures were implementbd after t
interventions. The comprehension measures consisted of a Sentence Paraphaase Test
a Sentence Anomaly Test.

Results of the first experiment demonstrated a significant test by &matm
interaction. The students in the Meanings Practiced condition scored the highest on the
outcome measures, followed by the Meanings Given condition, Meanings from Context
and then No-Meanings Control. The more direct the instruction, the better thetstude
learned the vocabulary words. Students comprehended the meaning of sentences best
when taught under the Meanings Practiced condition, and comprehended senteinces leas
well when taught in the Meanings from Context condition.

In the second study by the aforementioned researchers, the same procedure was
carried out; this time using six learning disabled (LD) students from thénfthwcugh
sixth grades. There was again an overall significant test by gagatnteraction. The
Meanings Practiced means differed significantly from all othemrexat means, showing
that for these reading disabled students, the Meanings Practiced conditithre wasst
effective instructional procedure. While the Meanings Given condition haden, eff

was much weaker, and Meanings from Context produced no effect with this sample of
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learners. When compared to the students in the first experiment, this sampledacquire
fewer synonyms under each treatment condition. This demonstrates that vocabulary
instruction and interventions are especially important for learning disabigenss who
have a greater difficulty learning new vocabulary words. While studerftdeasitning
disabilities were not included in the sample for the present study, tild¢iea and

learning characteristics are important to consider. Those interventions podve
beneficial for the participants used in this study should be presented to andthsed w
learning disabled individuals as well.

While understanding the vocabulary words in a text enables an individual to grasp
the meanings of isolated words and sentences, vocabulary instruction does net alway
generalize to story comprehension. The third and final experiment in the afdrened
study, which used only the Meanings Practiced condition, set out to determine if
vocabulary training would improve passage comprehension using ten fourth grade LD
students and outcome measures consisting of Cloze, story retell, and compretestsi
Results indicated significant differences between the control and exp&imerups on
all of the vocabulary and comprehension measures when it came to sentence
comprehension. However, when it came to story recall, differences werembtaid.

This may be because comprehending a story requires more vocabulary orsthanti

was presented with this methodology. Despite the inability of word meaning tratruc

to generalize to story comprehension, this does not indicate that vocabulary is
unimportant for comprehension. The small sample size used in all three studies must be
noted as a limitation and may affect the ability of the results to gena@ltber

samples and settings.
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Unlike Pany et al. (1982), Beck et al. (1982) found an effect of vocabulary
instruction on comprehension. Beck et al. observed the effects of vocabulary knowledge
on lexical access and reading comprehension by studying 23 fourth grade studgnts. The
compared an extensive vocabulary program in which teachers instructeutsmué&04
vocabulary words presented through approximately 75 daily lessons, each lasting 30
minutes, to a control group which received no instruction. Within the instructional group,
students were subgrouped into “some,” “many,” and “none.” In the “some” group new
words were taught and reinforced through daily vocabulary lessons. Foipaats8dn
the “many” group, the subset of words from the “some” condition were maintained ove
time, reappearing in the instruction of new words in the form of a review, and as such
received approximately twice the exposure. For those in the “none” group, words
corresponding to pairs of words from the “some” and “many” groups in difficulty,
semantic similarity, and length, were used in the pre and posttests but not during the
course of instruction. This group was included to allow within-subjects comparisons. All
students were measured with a semantic decision latency task, aingulrag ta
comprehension at the word level by requiring each student to decide whethemedc
could be a person; a semantic verification latency task to examine comprehétisgon a
sentence level by requiring subjects to decide whether each sentencesdressntrue
or false; and a story recall task aimed at tapping comprehension at the disalrse

Results showed a difference between the control and experimental conditions, and
differences within the experimental condition between the “many,” “some,*raone”
subgroups in terms of the outcome measures. Participants in the “many” group showed a

small but significant advantage compared to those in the “some” group. Howearer, e
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within the experimental group, performance on the vocabulary knowledge teseivas w
below perfect, with average results of 77.6% for the “some” group and 86.5% for the
“many” group, indicating that acquiring word meanings is not an easy task even with
extensive instruction. These findings shed light on why many studies which provide
shorter and less intensive training periods do not find results.

Results also showed that experimental group subjects were faster in terms of
speed of processing in the semantic decision and sentence verification tasks. The
subjects also exhibited greater recall of texts, and in their recollecisealsthe
instructional words more than nine times as often as did the control subjects,
demonstrating gains in productive control over the taught words. Overall, the program
was effective; students learned the meanings of words, had faster acbhessaods, and
a better comprehension of text that used the words.

The type of instructional format used for vocabulary learning has also been
studied in science classrooms. Depending on the way instruction is dissemitiatest s
lessons can impact immediate and delayed vocabulary knowledge. Upadhyay and
DeFranco (2008) examined 108 third grade elementary students’ learningeantidmet
of science vocabulary in connected science instruction classrooms and diractiorstr
classrooms using environmental science units. The researchers definedted
classrooms as those in which teachers design and implement instruction thatsconne
students’ prior knowledge and outside experiences with the science content of their
lessons. Direct instruction classrooms follow traditional approaches i Wiedeacher
delivers the information to the students without much interaction. The researchers

hypothesized that more learning would occur in the connected classrooms, as this type
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instruction enables the students to bridge their classroom knowledge with community
knowledge and helps them to integrate new information with what they already know.
Students were given pre and post-instruction surveys, as well as a surveydhtege
after the completion of the units to measure the retention of science knowledge.
Results demonstrated that the increases in pre and post-instruction envirbonmenta
science vocabulary scores were greater for the direct instructicesl&sowever, the
growth curve indicated that the rate of the loss of vocabulary in the direct timstruc
group was higher than the connected instruction group between the post-intervention
survey and the delayed survey given three months after instruction. This means that
students remember new information best over the long term when it is linked/emtele
prior knowledge. It was concluded that in order to support immediate gains in science
knowledge that can be retained over time, teachers must balance direct and connected
science instruction.

Focus groups were conducted with four students from each type of instruction
classroom following the study. Students from both groups reported the bendiis of t
intervention they underwent. Students from the connected instruction classegireporte
that they enjoyed the activities. They appeared to be more engaged becatele tteet
their ideas were valued. However, many students from the direct instruessnoom
reported that they preferred this type of learning style, because thepewereconfused
about what to study. The information they needed to focus on was explicitintecse
them and was very clear and easy to follow.

A word of caution when discussing interventions for vocabulary in content area

classrooms- teachers must be careful not to emphasize rote memorization &unythe s
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of vocabulary as an end in itself. This leads to the misconception that scienicesiseal f
body of knowledge and is not continually growing and changing (Groves, 1995)dInstea
teachers should organize instruction in such a way that the focus is on “...the use of
vocabulary as simply a means of guiding students towards the attainmeeheogsci
concepts” (Groves, 1995, p. 234).

Vocabulary and Depth of Processing

The discussion of vocabulary interventions touches on the theory of depth of
processing. The interventions noted in this section appear to differ in terms of the
cognitive effort which is employed. For example, there is a stark cobtagten
incidental exposure and contextually relevant instruction, as described in tleed®@hn
(2002) study. Incidental exposure does not require the learner to mentally meanypula
work with the words. This relates to depth of processing which, as previously mentioned,
refers to the level at which information is encoded. The more an individual works with a
specific task or type of knowledge, the more meaningful it becomes, and the better it
remembered (Craik & Tulving, 1975). This is important to consider when discussing
vocabulary interventions, as the depth of processing model predicts that tasks or methods
which require students to work with the words and impose their own organization and
meaning will enable more efficient learning and comprehension.

Craik and Tulving (1975) conducted a study to examine this theory by
manipulating the levels of processing students used through instructions regarding
memorization of the words presented. Those who were assigned to the shallow
processing group were told to answer structural questions about the word, such as if the

word was written in capital letters or what the first letter was. Thomewere placed in
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the moderate level of processing group were told to focus on the phonemic properties of
the word, such as what it rhymed with. Those told to engage in deep processing were
instructed to focus on the semantic features of the word such as whether ooulok lttec
used complete a sentence. Their study, which is seminal in memory researcd staiw
those who employed a deep level of processing were the most skilled imgettadli

words.

Weiss et al. (1977) examined the depth of processing theory and the idea that the
nature of an encoding task determines the amount of processing a stimulussrédesy
researchers tested 20 second graders and 20 fourth graders from a suburban Boston
elementary school on their memory of vocabulary words. They presented a list of 39
words to the students, each followed by a question which was used to experimentally
manipulate the levels of processing the students used when encoding. Tieheesear
hypothesized that a shallow or superficial level of encoding would be produced by
guestions about the presence of a particular letter in the word. A deeper level afigncodi
would be used in answering questions such as, “Do you like this word?” Finally, the
deepest level of encoding would be employed in questions about the category
membership of the word. The researchers then asked the students to oralhs reecay
words as possible from the list.

Results demonstrated no reliable statistical difference between tledéve
encoding. However, there appeared to be a trend that showed that the highest proportion
of words was recalled after the category type question. There were al$icangni
differences between the two age groyps (05) with regards to the category encoding

guestions, with the older participants recalling more words. There wereisnaal
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significant differences between the age groups for the other two categbgeestions.
In the study presented, students at an older elementary school gradsedrand the
encoding of the words was experimentally manipulated, this time using ynager

Two more contemporary researchers, Shapiro and Waters (2005) provide a clear
explanation of this theory in which processing ranges from shallow to deep. dteey n
that shallow processing focuses on characteristics rather than mearamgrasn will
pay more attention to surface attributes such as sound or the physical featiees of
word. A deeper level of processing is met through a focus on meaning. The[ttate,
richer the meaning attached to an item to be remembered, the deeper the praodssing
the more likely it will be recalled” (p. 134).

Also focusing on meaningful encoding, Schmitt and McCarthy (1997) note that
simply repeating a word by using a maintenance rehearsal gtrategnable a person to
learn a vocabulary item, however “better” learning takes place when aedetpfi
semantic processing is used. When words are processed “deeply” they are enttoded wi
elaboration, which improves learning. Students who can relate words to other vocabulary,
connect the words to their own experiences, or mentally manipulate an aspectaftthe w
or its meaning, are able to reinforce the word association and store itffroeatty
(Schmitt & McCarthy, 1997) The more cognitive effort employed when leamimgrd,
the more efficient the acquisition of its meaning.

Imagery can facilitate the ease with which students relate the meahivgsds
to their own experiences, and as such can be used to increase the depth at which the

vocabulary is processed (Schmitt & McCarthy, 1997). Students who picture the words
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they are trying to learn are mentally manipulating the vocabulary @&edithereby
elaborating its memory trace.
Summary

With the pressures of high stakes testing and teacher accountabilityf, dittie
time is left in the classroom for anything but test preparation. It is oftbalkenge to
tailor the curriculum to the students’ needs and to foster skills across theiescipl
Despite these obstacles, research has shown that integrating litenassytae curriculum
and including it in content area disciplines such as science not only savdsuime,
improves learning (Guthrie et al., 2001; Thier & Daviss, 2002; Yore et al., 2003). Goals
have been set in the hope of creating a scientifically literate societich students can
construct their own understandings of science material, apply it to their evéinetay
and use their newfound knowledge to inform their actions (Hand, Prain, & Yore, 2001,
National Research Council, 1996)

There are many approaches a teacher might take to improve the |gkitbcyf
his/her students, but one of the most basic, yet important, is strengthening dsstudent
vocabulary base. Elementary school students are exposed to a great deanbfaceat
vocabulary, especially in science. A thorough understanding of the meanings of words
not only improves vocabulary, but also enhances reading comprehension and reading
development (Rupley, 2005).

The only way a student can grasp complex constructs and understand the material
he/she reads, is through knowledge of the necessary terminology. One must have a
thorough understanding of the meanings of the words in their lessons beforengasteri

the material. If a student understands the vocabulary, processing can ezl doeetrds
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comprehension of sentences and passages, rather than of the specific wordsgBeck et
1982).

Vocabulary instruction should be integrated into science lessons and across the
curriculum to give students a great deal of exposure to the desired words. Inaogporat
vocabulary in the science classroom will not only improve the students’ word learning
ability, but will also boost their overall science achievement (McKee & ,Q§05; Thier
& Daviss, 2002).

There are a variety of methods for improving vocabulary, one of which is through
the use of imagery. The following sections will discuss the relationship betmegery,
vocabulary, and comprehension, as well as discuss the importance of the dual coding
theory. Imagery interventions for enhancing the acquisition and retention ofescienc
vocabulary are also described.

Imagery and its Relation to Vocabulary, Comprehension, and Science Instection
Imagery

When examining vocabulary interventions and techniques to facilitate
comprehension, it is important to discuss the formation of images, or mental
representations, by students. The creation of images while one reads texasemvesd
to understanding and remembering (Sadoski, Goetz, & Kangiser, 1988). Individuals
asked to create mental images of events described in sentences learn te®tim#ds as
much as those who just read the sentences aloud (Anderson, 1971). Imagery is a major

component of cognitive processing, and as such warrants it own detailessthac
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Imagery Inducement

Students told to create images have been shown to learn new material more
efficiently. In a study by Anderson and Kulhavy (1972) using high school seniors,
comprehension increased with the amount of imagery the students reported. trdthis st
63 seniors were instructed to form mental images while reading a textboogeassa
Students were assessed as to their comprehension abilities by a combined siort ans
and multiple choice test. A follow-up questionnaire indicated that more than half of the
control group employed imagery on their own while studying the passage, which
confounded the results. Also, one third of the group instructed to form images did not do
so. Possibly due to the lack of fidelity to treatment, results failed to shoveeedife
between the group instructed to form images and the one just instructed to read the text.
However, the students from both groups who formed images outperformed those who did
not. The study demonstrated that students will learn more from a passaggdtiare
formed, as those who created images scored higher.

Levin (1973) also conducted research to examine the effect of imageryisgrateg
on comprehension, focusing on an elementary school sample. In his study, 54 fourth-
grade children were given stories to study in either printed or pictorial fdrenpiinted
stories consisted of 12 sentences, each printed on an index card. The stories ih pictoria
form consisted of 12 cartoons corresponding to each sentence. Half of the subjects who
were given the text version were taught a visual imagery stratemy@rieading the
passage. It was hypothesized that there would be a reading ability by mexe of t
representation interaction. Questions about both the content and sequence of the storie

were asked, and the number of correct student responses was recorded.
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Results demonstrated that imagery facilitated comprehension, as those ngho we
given imagery instructions answered more questions correctly. However, thréapic
representations were not facilitative. This could have been because thelpictoria
sequences were not ideal representations of the stories or because of the swad f
type of linguistic accompaniment which may have been required for formal
comprehension. Those subjects with adequate vocabulary skills benefited motaefrom t
imagery instructions than those with inadequate vocabulary skills. Finallyatishal
strategies were more helpful to “difference” poor readers, who are nobalde t
organizational strategies spontaneously than to “deficit” poor readerdagkhthe
necessary prerequisite skills for reading such as decoding. This denesistaatvisual
imagery may not necessarily be a useful strategy for everyone. Theaadhows that
fourth-grade children who are able to decode and possess a good deal of vocadulary m
still perform poorly on reading tasks because they cannot integrate texiring phe
words they see on paper with the images they describe. As such, they méayfioemef
instruction to construct mental images corresponding to segments of text.

The developmental course of verbal and imaginal strategy production is also
worth examining. A study by Levin et al. (1973) used both fifth and second grade
students, as these two groups were considered to be better and less well developed in
terms of their imagery-production capabilities. Participants were dividedaot
groups: control, imagery, in which the subjects were told to make up pictures in their
heads; sentence, in which the subjects were instructed to make up one sentence stories
relating the words; and imagery and sentences, in which both were employed. All

subjects were then presented with picture and word pairs during a study perioderand lat
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given the same pairs with a card missing. In some testing conditions, tlegopats had
to recognize the missing card from a sheet presented with choices, and in other
conditions, the participants had to recall what the missing item was. hypathesized
that a sentence-over imagery-strategy would be more effective fordsgaate students,
as their image generation ability is just beginning to develop.

According to the results, the control group was statistically different fram afa
the strategy groups; however, no significant differences were found amongithus va
instructional strategies in either grade. Additional results demosdtitzdt picture pairs
were easier to learn than word pairs in both grades, and recognition veadleasi
recall, which is typically seen in research. Surprisingly, the sentenceroagery-
strategy was not significantly better in enabling the students to rememlskpairs
when compared to the other strategies. This is contrary to the finding that combining
mental imagery and textual illustrations further enhances learningti@khi& Jawitz,
1993). Another important finding of this study was that children as young as seven were
able to employ an induced visual-imagery strategy to facilitate leamh@mgonstrating
how early imagery instructions can effectively be implemented.

Images also facilitate the recall of entire passages. In a stuelsebgley (1976),
86 third-grade children were taught mental imagery strategies to helpghember
stories. Stories were presented to the participants in booklets which attdyeateen
blank and printed pages. Those in the experimental group were instructed to construct
mental pictures while looking at the blank pages. They were also presetitestiadeés
depicting the meaning of the sentences and were told that this was an exiwide

their mental images might look like. The experimental group participantsalseréold
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that their mental images did not have to be exactly the same as the slides, laut shoul
include all of the same elements. Students in the control group were instructed to do
whatever they could to remember the story.

On a 24-item short-answer test, the imagery group significantly outpeddhae
control group. This study suggests that mental imagery can be taught in th@oclass
and can improve children’s memory of the passages they read. Also, a nonsignificant
trend toward a reader ability by strategy interaction suggests thatgam@rs can be
aided comparatively more by inducing images, a finding in contrast to that found by
Levin et al. (1973). However, just because students can remember what was read does
not necessarily mean they comprehend the meaning behind it. The short-answer test
asked specific questions about events in the story, which only required good recall and no
interpretation. All questions referred to concrete material presentedstotiye The
study presented went more in depth as comprehension was also assessed.

Gambrell (1982) conducted a similar study in which first and third gradees wer
given segments of short stories. Children in the experimental group weretetstaic
make pictures in their heads before each segment, whereas the control ptstgra
told to think about what they had read in order to remember the text. After each segment
experimenters asked the participants, “What do you think is going to happen next?”
Children in the third grade imagery group were able to make twice as maumat@
predictions when compared to the control. First graders in the experimentalaonditi
also outperformed those in the control; however, differences were not stififistica
significant. According to Gambrell, teaching children to create imagésey read

enables them to construct inferences, make predictions, and remember wihatyit is
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have read. In this way, imagery enhances remembering, and is associated wit
comprehension.

Finally, Gambrell and Jawitz (1993) studied 120 fourth grade readers to
investigate the effect of instructions to induce mental imagery and attehdgstations
on story comprehension. The participants were split into four groups: those imstaucte
form mental images while reading an unillustrated version of a story, tisisgcted to
form mental images while reading an illustrated version, those not insttodi@m
mental images while reading an illustrated version and those not instrucbechto f
mental images while reading an unillustrated version. Reading comprehension wa
assessed by a prompt to elicit free recall and 16 cued recall questas. It
hypothesized that mental imagery and illustrations play similar roleshana/®
strategies, when used in combination, would interact in a positive way.

Results demonstrated that children in the group instructed to form images on their
own, as well as to attend to illustrations in the story, outperformed all other gnoups
comprehension and recall. The students in this group were able to generateéecomple
stories during recall, were able to recall more story structure elenaent answered
more questions correctly when compared to the other groups. This favors the notion that
the combined mental imagery and illustrations strategy was more potent t&an eit
strategy alone, which is opposite of the findings of the aforementioned Levin et al. (1973)
study. The idea here is that the imagery and illustrations interact in ahigy improves
comprehension of text. The imagery plus illustration group was followed by tigelya
only group that read the unillustrated version, then the group that was not instructed to

create images but exposed to the illustrated version, finally followed by thelcontr
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group. Post-hoc analysis demonstrated that all three groups were signifitéietgnt

from the control group. It is important to note that the control group was the only group
in this study that was explicitly told to read to remember. However, withouemypag

they still performed the worst.

Also noteworthy is that there was some evidence that mental imagery was mor
effective than the illustrations in terms of reading comprehension performéhea
analyzing the types of questions the students answered, those in the imagerpumly g
recalled more story structure elements than those in the control group, but there was no
statistically significant difference between the illustrations-gmbup and the control.

Also, while 58% of the students in the imagery-only group wrote complete storigs, onl
40% of those in the illustrations group were able to. This suggests that induced mental
imagery may be more effective than illustrations, a finding which wasierd in the

study presented. Finally, the results of the study support an imagersatilist

interaction theory, in which readers use mental imagery and illustrationsamdyand
interconnected ways, leading to enhanced comprehension. This was also indeistigate
the study described, through the use of an intervention that combined a picture and the
instruction to create a mental image. Overall, the Gambrell and Jawdiz Bke the

others discussed, suggests that instructions to create mental images and attend t
illustrations enhance the quality of children’s story comprehension. These finding
highlight the need for researchers to examine induced mental imagery agpticable

to the classroom (Gambrell & Jawitz, 1993).
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Imagery in the Sciences

Imagery plays a major role in facilitating learning. McKee and @2f)@5) note
that young students profit from illustrations of words. This is because aratiastcan
act as a visual clue when the students need to read the word or must use it for writte
work. The authors also describe the utility of pictures in reference to wemgntary
students and English Language Learners (ELLs). While the use of picturesanqmie
and early elementary school lessons was discussed in great depth in their book, no
mention was made of the utility of this approach in content area lessons and with older
elementary school children. The present study examined a fifth gragéesamd the
students’ ability to master information that would otherwise be presented tarthem
middle school. If the interventions prove to be useful, not only can it be claimed that
lessons typically taught to older students can be presented earlier if thelaoghas
been effectively acquired, but that imagery should remain a focus of vocabulary
interventions in the late elementary school years and during science instructi

Thier and Daviss (2002) also discuss the use of imagery in relation to the
integration of science and literacy. They explain guided imagery, which is araappr
that allows students to capitalize on their imaginations when reading frottbadk.
The students picture what is described in their text and also try to visualgesima
associated with the headings and subheadings of the chapter they are reading. This
enables the students to find meaning when reading about a complex or abstraictisubjec
is also helpful, because “...the mental images sparked by guided imagery camlbe vivi
enough to lure them into the text and to more readily retain the information in the

reading” (Thier & Daviss, 2002, p. 104).
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Imagery has also been shown to lead to improvements on science exams.
Mcintosh (1986) conducted a study to investigate the effects of imagery on a allle rec
and transfer task with 104 ninth grade male students in Philadelphia. Each of the four
participating classes was assigned to either an imagery encourdgenmeagery
discouragement group and was presented with the following gas laws iphysical
science class: Boyles’ Law, Charles’ Law, and Gay-Lussacs’ lawle8ts in the
imagery encouragement group were instructed to create an image afah g@si as it
responded to changes in pressure, temperature, or volume and to draw the image in thei
notebook. Participants in the imagery discouragement group were told to write the rule
and repeat it aloud during the lesson. After instruction, students took a gas laancrite
test to measure recall and transfer of the information presented. Cheitest, using the
Marks Vividness of Visual Imagery Questionnaire (Marks, 1973, as cited intd4ti,

1986), students were required to rate on a five-point scale, the degree of ithagery
used when answering each test question.

Encouraging the formation of an image in this study did not facilitate recall (
.52). Imagery utilization, as shown by those who reported a high use of imagdsnaide
rule recall p = .02). One reason why the intervention may not have had an effect is that
even when they are not encouraged to form images, students may do so on their own,
confounding the results, as occurred in the Anderson and Kulhavy study. The study does
provide evidence that imagery use can be an effective way to recall sciesce rul
Dual Coding: Theoretical Underpinnings

One theory which examines the use of imagery in the processing of information,

and has been empirically tested by numerous studies is dual coding. Paivio’s dugl codi
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theory states that information is processed along two distinct channels: vefvadzal.
Research has shown that memory for verbal information is enhanced when the
information is accompanied by a visual presentation, either real or imaginddrédn &
Bower, 1973). The dual coding theory links vocabulary to comprehension through the use
of images in improving understanding and enabling deeper processing. As such, this
theory was used to frame the design of the vocabulary interventions in thet gtads.
Information is organized very differently in the two systems. The verbamyis
organized sequentially, as it is constrained by the linear nature of speech orh@int. T
imagery system, on the other hand, is more holistic. Units are stored in an etegast
and cannot be separated into their discrete parts. This is because individuals encounter
perceptual objects as clusters of information. Visual objects are embeddad in the
surroundings and context, and as such are difficult to separate.
The two systems are linked by the referential connections which involve the
activation of representations in one code by previously activated representatioas
other code. For example, the sentence “The diver plunged into the pool” can evoke a set
of mental images (Sadoski & Paivio, 1994, p. 586). Conversely, an image can evoke
language that is typically associated with it. These connections are foyntiézl
experiences. Within each respective system, there are assocrattverss which
operate via associative connections, in which a word can evoke another word, or an
image may naturally lead to another image (Sadoski & Paivio, 1994). Experience is
responsible for determining the number and strengths of interconnections, with

concreteness being relevant to the development of referential connections bahd ver
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context relevant to the development of associative connections (Paivio, Clark, &
Lambert, 1988).

Information that is concrete readily evokes mental images as compahned wit
abstract language, making it easier to remember. This is becaus®nveoof mental
representation, language and imagery, are available for processingthaaiidn. Dual
coding theory assumes that both abstract and concrete words are repregkimntéden
verbal system; however, it is the concrete words that are more likely to haweg s
connection to the image system. Abstract language has a relatively wap&eitty in
enabling an individual to form images. Concrete language has also been found to be
more comprehensible, interesting, and memorable (Sadoski, Goetz, Stricker, &
Burdenski, 2003).

Dual Coding: Implications for Comprehension

Dual coding provides an explanation of the ability to master and understand
words, phrases, and sentences in different contexts. The self-generated inreages a r
forms may “...constrain and specify the set of subsequent probable wordings by
nonverbal means, and also expands the episode inferentially” (Sadoski & Paivio, 1994,
p.587). Imagery helps reduce the uncertainty when shaping meaning from reading a te
The images evoked depend upon a particular individual’s past experiences and the
situation that is described to him/her. This model also allows for flexibilitggpanses
to novel situations, as meaning is determined by both the term and its connections to
nonverbal world knowledge (Sadoski & Paivio, 2001). Sadoski and Paivio (1994) offer

an eloquent explanation in that “...for language to make sense, it is neces$ainy ter
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both semantically and syntactically systematic and to conform to the nonwertcin
some imaginable way” (p. 590).

This theory also offers an explanation of how individuals derive meanings from
words, which can be accurately decoded but not understood without prior processing of
contextual meaning. The meaning of a word is dependent on contextual and imaginal
knowledge. For example, ring can refer to the ring of a telephone, a boxing ring, or
wedding ring. Comprehension of a term also relies on knowledge of what a wedding ring
is, or what a boxing ring looks like, as well as other context features (Sadoski, 2005).

Finally, dual coding is a theory that “...draws a complex set of empiriczdurets
findings about interest, comprehensibility, memorability, and importance togettier a
set of general principles that are both explanatory and applicable to a vatety of
types” (Sadoski, 2001 p. 264). Affective responses, which include interest, are nonverbal
and associated with the nonverbal code, and as such are expected to accompany mental
imagery and concrete language (Sadoski & Paivio, 1994). These findings shggest
order to make texts more interesting and understandable, they should be altered in ways
to make them more concrete and imageable.

A study by Sadoski et al. (1993) set out to extend the predictors of dual coding
theory in the recall of sentences and longer texts by Texas A&M studemighha series
of four experiments. This study also examined the conceptual peg hypothesis byg looki
at whether or not mental images serve to promote the recall of what othewisebe
considered abstract information, by using concrete, image evoking sentdnsesudy
was both ecologically valid and instructionally relevant in that the matesals were

adapted from actual history articles and books. Ten historical figuresselested, and
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four sentences were created about each: two concrete and two abstract. Ih the firs
experiment, participants rated the sentences for four qualities on 7-point bgadésr s
examining content familiarity, concreteness, interestingness, and comgilelity.
Relationships were shown between concreteness and interestingnes2)(
concreteness and familiarity € .36), and concreteness and comprehensibility.01).
These results show that in the study, concreteness and comprehensibilitinvoste a
completely overlapping constructs, and concreteness was the best predictanfiag
for approximately 80% of the variability in comprehensibility. Overall, studeesl the
concrete language as easier to understand, which supports the dual coding theory.
Concrete language, which can be coded verbally and nonverbally, is perceived of as more
comprehensible than abstract language.

The second experiment by the aforementioned researchers investigafddtse
of concreteness and abstractness on immediate and delayed recall, thigngme us
sentence pairs rather than word pairs. Undergraduates were randogrgadssione of
four groups of sentence pairs: concrete-concrete, concrete-abstracttalostcaete, or
abstract-abstract. They read passages and immediately aftenfinigdrie told to recall
everything they remembered. There was also a delayed recall task whicieddive
days after the initial experiment. Results showed that those in the alssaeict group
recalled significantly less than the participants from the other groups, who did not
significantly differ from one another when measured immediately and afterya 5 da
interval. Also, immediate recall exceeded the delayed recall.

The third and fourth experiments, using students from Texas A&M who had not

participated in the first two experiments, extended the findings to the paragrabh le
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The results of the third experiment closely replicated the results of Exgrerinwith
sentences. Concrete paragraphs were rated as more concrete, interesting, a
comprehensible than abstract paragraphs, while rated familiarity did rest &ésults of
Experiment 4 closely resembled Experiment 2, as concrete paragraphsoatee re
significantly more than abstract paragraphs. Content from the concreteapasagas
recalled almost three times as much as content from the abstracaphsagr

Overall, the results of the four experiments are supportive of the dual coding
theory. From the studies, it was shown that concreteness was the besbpoédict
comprehensibility, and that immediate and delayed recall of sentences armdaag
occurred more efficiently with the concrete samples. Also, concrete textwea as
more comprehensible and interesting than abstract text, but not neceasagilfamiliar.
Efforts to alter texts to make them more concrete should be implemented adgording
Dual Coding: Implications for Vocabulary Instruction

As stated in the previous section, dual coding theory suggests that concrete words
are learned more readily and recalled more easily than abstract wieedsiofe concrete
a word is, the greater the ability for it to evoke a web of images. Theth®study
described looked at both providing images for students and priming students to create
images when presenting them with science vocabulary, in order to faddaateng.

It is important to note that pictures do not always show positive results in
facilitating the learning of words. Some find that using pictures defiractsattention to
the details of print (Samuels, 1970). Samuels (1970) discussed the focal attention
hypothesis, which is based on the principle of least effort. This hypothesis suggests t

when pictures and printed words are presented together, readers will amdiytattiee
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mode that helps them produce the response with the least effort. If the résubts tt
the easily available picture, it will interfere with his/her attentiormédetails of the print
form. The pictures distract the readers and draw attention away fromritesl @timulus,
which prevents them from learning the word and being able to analyze it. Upng,test
after the pictures are removed, those who learned with pictures will not perfaretl as
as those who learned with the words alone.

Arlin, Scott, and Webster (1978-1979), tested the focal attention hypothesis, and
contend that the work of researchers such as Samuels (1970) was flawed séhahas
usefulness of pictures when learning words. These researchers note timati@sSa
study, the temporal order of cueing was confounded with the picture/no-picture
dimension. The picture was presented simultaneously with the “to be learned” word, but
the verbal cue was provided as feedback after the presentation of the word, aausing
distracting effect of the picture on word learning. Also, a greater amountlf ver
feedback was given in the no picture condition, which could have influenced the results
of the interventions. This is because in the picture condition the image prompted the
correct response, whereas in the no-picture condition much more verbal feedback was
necessary. Thus the superiority of the no-picture condition may have been due to the
disproportionately large amount of feedback rather than to the benefits of this
intervention approach.

In their study, kindergarteners were placed in one of three conditions. They were
presented with either a word and its picture together, a word and its oral proounciati
a control in which the word was presented alone. Results showed that sight wordylearni

occurred 80% faster in the word with picture condition. This is because the picture
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establishes a connection between the word and the image. These findings sugipest that
presentation of pictures with words facilitates rather than hinders learning

Dual coding theory not only explains the acquisition of sight words, but can be
used in meaningful vocabulary instruction, both when learned incidentally from context,
and when taught explicitly using direct instruction. According to dual codingytheor
encountering and using words in various contexts helps children establish a atth set
verbal and nonverbal connections, which facilitates their learning, and makes the
vocabulary meaningful (Sadoski, 2005).

Smith, Stahl, and Neil (1987) used a variety of different methods for meaningful
vocabulary instruction. The researchers separated 142 undergraduates into three
conditions to learn 50 words. There was a definition only group; a definition and a
sentence using the word in context group; and definition, sentence using the word in
context, and a simple picture illustrating the meaning of the word group. The group
receiving all three treatments scored the highest (as cited in Sadoksi, 2008y&ddel
test, administered after two weeks, revealed that the scores increasdutneaacent,
and that there was now a significant difference between the definition only famticte
sentence, and picture group. This lends support for dual coding in vocabulary instruction.

More recent studies have been conducted with the hopes of settling the dispute
regarding pictures and the textual presentation of words. Amrheim, McDamtel, a
Waddill (2002) conducted a series of four experiments which were designed to test
whether or not pictures are superior to words in a variety of different taskarsthe f
experiment involved 48 college students from Purdue University, who were instructed to

pick which animal out of a pair best fit the adjective given by the experimenier. Pa
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presented to the participants were either pictures, or the written narhesapirnals.
According to the dual coding theory, pictures should produce faster responses t&n wor
for concrete information, as concrete features are represented in the nonvagoahlim
code, which is accessed readily by pictures. Conversely, words would confer an
advantage over pictures for abstract semantic information, as these ateérstbee

linguistic system. However, no influence of modality on the symbolic-compariskn ta

was shown. Results of the experiment indicated that picture and word stimuli evoked
statistically equivalent response speeds in selection of adjectives, arbthatiére no
significant differences between the stimulus modalities. These resailts @ntrast to

the theoretical assumptions regarding the role of pictures relativerds wohow

knowledge is represented and accessed. The other experiments included inythis stud
varied in terms of the participants, focusing on other undergraduate students, and design
to allow more power; however all demonstrated the same results. Their shgb/the

dual coding theory into question, as these experiments provided no statistical support of
its assumptions.

Sadoski (2005) contends that despite claims to the contrary, using pictures to help
build vocabulary is effective, as the images make the words more concrete and
understandable. He notes that in current classroom practice, target wdnds are
accompanied by pictures and then presented on charts without pictures, to ditBohatte
to the word form, facilitating the child’s complete learning of the word (S&da305).
Samuels (1970) suggests that when including illustrations, books should be organized in
such a manner that the pages with printed text are free of pictures, allowstgdéet to

focus on the task of learning to read.
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Dual Coding, Depth of Processing, and Vocabulary

Imagery and depth of processing are both employed in the use of the keyword
method. This memory strategy, often used in foreign language learning, is bee of t
most thoroughly researched methods of direct instruction of vocabulary, and is al$o bas
on the dual coding theory. For this method, the learner forms an interactive nmagal i
of the definition of the new vocabulary word and a familiar word that shares sorta simi
element (Sadoski, 2005). For examplta, which means letter in Spanish, can be
remembered by using the keywaat and picturing someone placing a letter in a cart.
The definition is linked to the word by an image, facilitating its recall.

Shapiro and Waters (2005) investigated the cognitive processes underlying the
keyword method. They posited that the benefits withessed as a result of the use of thi
method are due to the use of images and cognitive effort. With regards to imagery, the
strategy requires a person to create an image that is associatdteWithlie learned"
word. Evidence supporting the keyword method corroborates the findings of the dual
coding theory, in that concrete words are learned more efficiently thaacibhgords.
Individuals using this method must also expend a greater level of cognibve Af per
Craik and Lockhart’s aforementioned theory, processing can range from slwatdeert
Shallow processing typically relies on attributes and surface featureseaghdeep
processing focuses on the semantic features of a word. In creating adkeg\werson
must first think about the meaning of the word in both languages and come up with a
plausible way to connect them, which relies heavily on meaning.

Shapiro and Waters (2005) empirically tested the underlying cognitbeesses

of the keyword method using a 2 (processing task) X 2 (imagery value) mixed desig
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with 104 introductory psychology students from the University of Massachusattg. Be
that visual imagery is the foundation of the strategy, the researchersdsipeththat the
keyword method would not assist with abstract words or low-imagery words. Based on
the role of cognitive effort in the keyword method, they hypothesized th&bit efas
reduced, by providing the students with the keyword instead of having them craate the
own, this would mitigate the effectiveness of the strategy. Finhby, hypothesized that
memory would be best when both imagery and effort were high.
Fifteen high-imagery and 15 low-imagery Latin words were used for the purpose
of this study. All students were told to imagine the meaning of each word tirigratgth
a keyword. In the Given condition, the subjects were provided with both the keywords
and the interactions, and in the Self-Generated condition, the students wertadgb
generate their own keywords and interactions. After the words weranfaésthe
students were given a distracter task consisting of eight arithprebtems to prevent
rehearsal of the last items and ensure that there was enough time fanthiteansfer
from short-term to long-term memory. A posttest was given to test the nafbeglish
meanings the students remembered and a delayed posttest was aciaisteek later.
There was a significant main effect of imagery on both the immedghiate001)
and delayedp(< .001) posttests. On average, participants were able to recall 79% of the
high-imagery words a week later, as compared to only 14% of the low-imagedy.
However, there was no significant main effect for processing or aadtiten effect on
the immediate and delayed posttests. While cognitive effort may not be thefithsis
keyword method, imagery clearly serves a major role. Therefore, if wagdsgdr in the

amount of imagery they elicit they will be more easily remembered. A providedei
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will also facilitate acquisition, so a student does not necessarily need ®amaatage
on his/her own. This was tested by the study presented as both image possemadje
creation, and any potential additive effect of the two were explored.

Summary

Imagery is very important to consider in terms of how children learn vocabulary
and how to develop effective interventions for them during science instruction. ékesear
indicates that the more imagery produced when reading text and learningatenain
the more memorable it is (Anderson, 1971; Anderson & Kulhavy, 1972; Levin, 1973;
Sadoski et al., 1988). Imagery may be naturally created by the student duriogrges c
of learning, or images may be induced or primed by researchers, eithechbfisvhi
effective in terms of facilitating comprehension. This idea should be takep fudtesr
in terms of vocabulary instruction in the sciences, as creating an imagegdoabulary
word naturally, or being presented with a picture or instruction to create ga wila
most likely help to reinforce the meaning of the word and facilitate leaafitige
concept presented.

Dual coding, a theory of cognition originally put forth by Allan Paivio, posits that
both the visual and verbal codes work together to organize incoming information so it can
be processed, stored, and organized in a meaningful manner (Sadoski & Paivio, 1994). It
applies to the instruction of vocabulary and literacy in general, in that wdrdk evoke
images are remembered more efficiently. Sadoski claims that dual ¢sdiregonly
theory to effectively integrate different aspects of perception into onarctherg theory
of cognition (Sadoski, 1998). Finally, Sadoski (2005) notes that dual coding theory is

extremely beneficial in that it links classroom practice to theory. As suelihéory
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helps teachers and researchers alike to understand not only what works for vgcabular
instruction, but why it works as well (Sadoski, 2005).
Synthesis

The research findings regarding science instruction, literacy, theatitegof the
two disciplines, as well as vocabulary, dual coding, and imagery have all been
highlighted. This section offers a short summary of what has previously beassgidc
as well as draws the components together.

Given that the benefits of integrating science instruction and literacybeave
well documented, and the push for developing a scientifically competent so@egy is
so present (McKee & Ogle, 2008ational Research Council, 1996; Thier & Daviss,
2002; Yore et al., 2002), there is a great need for literacy-based intervemtioinghe
science content aredn order for students to learn complex science material, they must
understand the terminology required so that they can speak and communicate using the
language of science.

Learning new content area material is very difficult without a mastergrtdin
literacy skills, such as reading comprehension and vocabulary. A student cannot be
expected to understand the concepts without a firm grasp of the basic terminology used.
Therefore, students must be instructed using effective interventions focuseddamgbuil
and strengthening their vocabularies. This will allow them to further qoest for
knowledge in the discipline, anchored by a strong understanding of the integral
components needed.

One way to facilitate vocabulary learning is through the use of imageagery

can be generated either spontaneously or with the help of instructions prompting the
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student to form mental pictures. Either way, the use of images strengthebéithefa

the student to learn the meaning of vocabulary and to comprehend text (Levin et al.,
1973; Sadoski, 1998)Students, even when not explicitly told to create images to
facilitate learning, often take the initiative to do so on their own (Anderson & Kylhav
1972; Mcintosh, 1986). Imagery also increases the depth at which the meanings of the
words are processed (Schmitt & McCarthy, 1997).

According to the dual coding theory, which takes imagery and learning into
account, cognitive processing occurs in both the verbal and visual domains (Sadoski,
2005; Sadoski & Paivio, 1994; Sadoski & Paivio, 2001). By linking these two
components together, information can be elaborated, and as such is better understood
(Anderson & Bower, 1970; Sadoski, et. al., 1993; Sadoski & Paivio, 1994). Connecting
imagery to the verbal component also enables a deeper level of proceskmiobie
learned” information. Imagery should be employed to assist students in acdugring t
vocabulary and understandings necessary to be “scientifically litenaligtduals, and
proficient lifelong learners.

Rationale for Study

There is currently a focus on strategy instruction within literacy, which has
resulted in less attention to background knowledge and vocabulary. While
comprehension strategy instruction can be beneficial, it is not much help without a
mastery of the vocabulary needed (Fisher et al., 2009). Also, a lot of the work during
content area instruction centers on standardized test preparation, rather than onauilding
strong knowledge and vocabulary base from the bottom up (Thier & Daviss, 2002).

Instructional efforts must focus on the basic skills required as “...solidcsclgeracy
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instruction requires attention to vocabulary” (Fisher et al., p. 184). The prasint st
examined interventions which used imagery to effectively teach coneanvacabulary
to elementary school students.
Many researchers have identified areas related to vocabulary frmstruncwhich
research is currently lacking (Beck & McKeown, 1991; Biemiller & Boote, 2G0&h!
& Fairbanks, 1986). This study attempted to respond to this need, by examining how
different imagery interventions affect the learning of science vocabloyaiifth grade
students.
While the relationship between vocabulary and comprehension of new material
has been widely researched, further studies are needed to bridge the gapsiilvhi
remain. Beck and McKeown (1991) have stated:
The effects of vocabulary instruction on comprehension have tended to be rather
small; and most measures of comprehension have relied upon contrived passages,
which poorly represent texts students meet in natural reading situations.hEhus, t
results of instructional studies indicate that vocabulary learning does affe
comprehension, but the parameters of that effect have not yet been identified (p.
808).
They also state that while the relationships reported between vocabudary an
comprehension may seem small when examined quantitatively, their sigrefiteycbe
more apparent when the quality of understanding is considered. This unresolvesl issue i
addressed by this study through the use of vocabulary learning evaluatiorafmms
student discussions which obtained the participants’ opinions of the interventions they

experienced, and beliefs as to whether or not they felt these approachesbidaryc



68

learning provided them with a thorough understanding of the words. This qualitative
component allowed the researcher to gain further insight into the utility of the
interventions.

Furthermore, while the idea that vocabulary is essential to young leerners
commonly accepted, the types of interventions implemented vary. There aretyaofar
instructional techniques based upon different theoretical accounts, such asPaivio’
aforementioned dual coding theory. However, research has often failed ttydirec
establish the relationship between a theory and its implementation in theatasa
comparison of imagery interventions was made in the present study to congpare t
effectiveness for classroom use.

According to Biemiller and Boote (2006), there are relatively few retedies
on vocabulary instruction with elementary school children. Most studies involve
strategies for reading stories by altering the levels of direitticion given while
reading, thus assessing the students’ comprehension of the entire passatgyNot
focus on nonstory methods. This study shifts the focus to the instruction of vocabulary
words, specifically for science instruction, using a variety of interventipasating at
the word level.

This study focused on an elementary school sample, and sought to ascertain
whether students could master complex vocabulary aimed above their current keowled
level. The words presented to the participants were those commonly instructeldie mi
school students. If the imagery interventions were to yield signifiesntts, it would
suggest that verbal and imaginal pairing should be implemented early on in school

curricula.
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Stahl and Fairbanks (1986) have also cited the need for future researchers to
examine depth of processing experimentally in relation to vocabulary instrudtien. T
interventions used in this study manipulated the depth at which the vocabulary was
processed, by adding an imaginal component, and linking the verbal code to the visual
code.

In order to test the assumptions of the dual coding and depth of processing
theories, the effects of various manipulations with regard to image prese atad
image creation on word learning and retention were examined. Four different
interventions which altered the way in which the vocabulary was presentét grdide
science learners were used. A Word Only method, which involved the simple verbal
presentation of the word, was employed to examine students’ acquisition andmetént
the words when no imagery was employed. Three different imagery intervengons w
used to determine the effect of imagery on vocabulary learning: Pictiseniagon,
Image Creation- No Picture, and Image Creation- Picture. Each one ofritezgentions
employed a different level of processing as well.

In the Picture Presentation method, an index card with a picture depicting the
word was presented to the participants. In the Image Creation- No Pi@tirednthe
participants were told to create an image of the word in their heads and to draw the
picture on paper, which enabled the researcher to determine the effectsiod eea
image on vocabulary acquisition and retention. Finally, in the Image CreRtainre
method, the students were presented with the picture of the word as a frameeateefe
and then told to draw the word on paper, which would help to determine if there were any

additive effects of imagery presentation and imagery creation. The purpbse sititly
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was to investigate the practical significance of these different intesmasnh facilitating
the vocabulary learning of fifth grade science students.

The study also examined the difference between the various manipulations of the
imagery interventions. This allowed a comparison between imagery interveti@bns
required varying levels of processing. In the Image Creation- No Piotergention, the
student created an image on his/her own, employing a deep level of procebgshg, w
may have increased the benefits conferred by the use of images. In theCireamen-
Picture and Picture Presentation interventions the picture was provided, which did not
afford as deep a level of processing. However, the picture may have biegmubat
the image formed by the student was based on a concrete example.

Vocabulary should be a priority, especially within the content areas, if students
are expected to be able to read to acquire information (Fisher et al., 2@®8ndortant
that the vocabulary words instructed not be treated as a list to be memorizedhdragat
integral components that will facilitate a deeper level of understanding &iothe
learned” material. This study assessed interventions for the instructi@wofocabulary
in the science content area. Those methods shown to be effective provide angromisi
way to integrate literacy and science instruction.

Hypotheses

The hypotheses of the study presented draw upon the theories of dual coding and
depth of processing. To test the claims put forth by these theories a 1-bstuogssts,
1-within-subjects repeated measures design was employed. In this modekmention
assigned was the between-subjects variable, and the time in which the onteasuges

were disseminated (immediate versus delayed) was the within-stagtr. The
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manner in which the vocabulary words were presented serves as a way tonager,

the depth at which the students processed the vocabulary, or if the presentation of an
image and the deep level of processing associated with creating anhiatbge additive
effect on the acquisition and retention of the words. Therefore, the study edahene
effect of two different theories, both alone, and in conjunction with one another, on
student vocabulary learning.

Based on the theory of dual coding, it was hypothesized that when students were
instructed via any of the imagery interventions, they would demonstrate besteryrat
the vocabulary than when presented with only the word, because adding an imagery
component facilitates vocabulary learning (Sadoski, 2005). Therefore, studeats we
predicted to demonstrate higher levels of vocabulary acquisition afteicthecP
Presentation, Image Creation- No Picture, and Image Creation-eRteinventions
compared to the Word Only intervention. According to this theory, both image
presentation and/or image creation should facilitate vocabulary learning.

Creating images, especially by drawing them, increases the depth at which
students process information and the meanings of words. This is because “...drawing
requires careful observation of an object’s or phenomenon’s distinctive chistaste
[which enables] students to attend to details they might otherwise overlooRbd(AS
Morris, 2008, p.49). Therefore, according to depth of processing, the ImageGrikat
Picture intervention should be the most effective, as it required the studerdsdsspthe
“to be learned” information at the deepest level. This is because thegaatimust
become active in creating an image and drawing it on paperlmage Creation- Picture

intervention also required deep processing, however the picture was provided. The
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Picture Presentation intervention should be the third most effective, as ymager
employed; however, the level of processing was not as deep as the afmeetent
interventions. This is because the pictures were presented to the students, without the
having to create the images on their own. The least effective strategy foularga
learning should be the Word Only presentation, as the word was only presented in one
code: verbal, and thus only allowed for shallow processing. Therefore, depth of
processing predicts specific ordering, rather than simply a berwafittire presence of an
image.

Furthermore, it was hypothesized that the imagery interventions would aid the
students in remembering the vocabulary words presented to them, acquiring their
meaning, as well as retaining this knowledge over time. It was predietiesttldents in
these interventions would show improvements on outcome tasks intended to measure
maintenance of vocabulary knowledge. They would also report the relativet lo¢nefi
these interventions during discussions with the researcher and througimshetrsaaon
the vocabulary learning evaluations.

One note of caution is that the effectiveness of the Image Creation- No Picture
intervention depends on the students’ ability to comprehend the meaning of the word
sufficiently to be able to form an accurate representation of it in the forrpictuae.
Hibbing and Rankin-Erickson (2003) note that the reader’s images may not alwaklis mat
the words’ actual meanings. In such a case, an incorrect image may diettiaet from
comprehension. The researchers state that while a verbal descriptioisrszsn
sufficient, at other times an actual picture of the word may be negésséne student to

comprehend the meaning. In this instance, presenting the picture helps the stualents t
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greater extent than just having them draw the picture based on a sentence amhdefinit
Supplying students with a picture prevents them from creating images thattteoe i
nothing to do with the meaning behind the word.

The Image Creation- Picture intervention was included in the study to adoount
this possibility. Since the pictures were provided in this intervention, the studesages
should not stray from the meanings of the words. However, since the studentsveere gi
the images, their level of processing may not have been as deep as the keatiga-Cr
No Picture presentation. Even though the words presented were concrete and were
presented with clear definitions, these terms were complicated andenefae novel
content area concepts. Taking this into account, it was predicted that the IreagerCr
Picture intervention would be more effective than the Image Creation-diodi
intervention for this particular sample, demonstrating an additive effectagfa
presentation and creation. The students did not necessarily need to copy thehagture t
observed, but could use it as a springboard for their own mental image and drawing.

Based on the research and theories presented, the following hypotheses were
formulated for the acquisition and retention of the science vocabulary words:
Acquisition

Hypothesis 1 Based on the theory of dual coding, students in the imagery

interventions (Image Creation- Picture, Image Creation- No PictudeR &ture

Presentation) would acquire a significantly greater amount of scienabuwacy

than those in the Word Only intervention group, as both the verbal and visual

components of processing were employed. Therefore, the presentation of pictures

and the creation of images would improve vocabulary learning. This difference
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would be evidenced on the researcher-generated immediate recall outcome
measures.
Hypothesis 2:Based on the theory of depth of processing, the deeper the students
process the information, the more science vocabulary they would acquire, as
measured on the researcher-generated immediate recall outconueasieas
Students who created images employed a deeper level of processing,ecbtapar
students who were presented with the pictures.
Hypothesis 2a Students in the Image Creation- Picture group would
acquire a significantly greater amount of science vocabulary than those in
the other imagery groups, as the meaning of the words was processed at a
deep level because an image was created by the student. This particular
intervention also included a picture which helped to clarify the word for
the participant before he/she created the image. There would be an
additive effect of image presentation and image creation, which would be
evidenced on the researcher-generated immediate recall outcome
measures.
Hypothesis 2b Students in the Image Creation- No Picture group would
acquire a significantly greater amount of science vocabulary than those in
the Picture Presentation intervention group, as the meaning of the words
was processed at a deeper level, but may not have been as helpful as the
Image Creation- Picture group since a picture was not included. The depth
at which one processes the words should have more of an effect on

learning, compared to presented pictures, as the creation of images has
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been shown to be more powerful in terms of vocabulary acquisition
(Gambrell & Jawitz, 1993). The benefits of this intervention would be
evidenced on the researcher-generated immediate recall outcome
measures.

Hypothesis 2c Students in the Picture Presentation group would acquire a
significantly greater amount of science vocabulary than those in the Word
Only intervention group, as the meaning of the words was processed at a
deeper level, which would be evidenced on the researcher-generated
immediate recall outcome measures. While image presentation may not
afford as deep a level of processing as image creation, it should still be

more beneficial than no imagery at all.

Hypothesis 3Students in the imagery interventions would answer more questions

correctly on the researcher-generated delayed outcome measuneshasdfits

conferred by these interventions would enable the students to retain their

vocabulary knowledge more efficiently. However, the differences bettheen

students in each imagery intervention would most likely diminish.

Participants’ Perceptions of the Interventions

Hypothesis 4:Through an exploration of participants’ feelings regarding the

utility of the interventions, based on the vocabulary learning evaluation foins a

student discussions, responses would reflect the trends displayed by the

guantitative results. For example, if the Word Only intervention was not as
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effective as the imagery interventions, students exposed to Word Only would not
report it as having been particularly useful to them.

Hypothesis 5 Through an exploration of the participants’ awareness of the
components of the interventions, based on the small group discussions, students
would have been able to identify the steps of the intervention they were exposed
to and why the particular intervention did or did not help them learn the

vocabulary.



77

CHAPTER 3
Methodology

This chapter describes the methodology that was used to examine whether the
imagery interventions facilitated the fifth grade students’ acquisitidiretention of the
“to be learned” science vocabulary words. The chapter begins with thessetdct
participants, followed by a description of the measures and interventiomedjtdind
ends with the procedures used in conducting the study.
Participants

After receiving approval from the CUNY Graduate Center InstitutioesidRv
Board, participants were recruited from public schools in Nassau County)dland. A
letter was mailed to the schools’ principals describing the research andtiregiue
permission to conduct the study at their site (see Appendix A). With theirgstomi
parental/guardian permission forms were distributed (see Appendix Bjusdehts were
asked for their assent (see Appendix C).

Data from the mini pilot study, which examined a sample of 18 students,
demonstrated moderate effect sizes ranging from .6 to .7. As a result, thendiecisve
at least 14 to 16 participants per cell was made. A greater amount ofppatsoivas still
sought, as a sample of 90 students would be sufficient to detect a medium edfatt siz
thep < .05 level of significance, after data was collected from each participice
(Cohen, 1992). The total number of permissions received was 90, which exceeded the
sample size of the first pilot by over 500%. Data was collected fronu@l@rds, as one
was absent for the majority of the researchers visits. Forty-fivesraatk44 females

participated in the study with a mean age of 10 years and 2.1 months.
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To ensure confidentiality, students who patrticipated in the study were asaigned
identification number. The list of names and numbers for each class was placed in a
sealed envelope and stored separately from the interventions and outcome measure
materials. This list was only to be consulted in the event that a student forbet his/
number, which did not occur in this particular study. Neither the teacher nor the
researcher had access to this list.

Two elementary schools were used for the purpose of this study. Both were
located in Nassau County, Long Island. One is situated in Long Beach and tha othe
Rockville Centre. The superintendents, principals, and support staff of both schools
eagerly welcomed researchers and encouraged the collection of data togneifeim
teaching methods.

Rockville Centre. The mission statement of the Rockville Centre school notes
that it fosters a unique environment in which the focus is on “Celebrating individual
growth, mutual respect and cooperation [and] empowering children and adults to become
enthusiastic, creative, independent, lifelong learners” (RVC Schools, 2002-2010, p. 1).
The school focuses its efforts on “stamping out bullying” as well as the healthetind w
being of every child.

The average class size in grades 1 through 6 in Rockville Centre schools is 21
students. The particular Rockville Centre school the study was conducted in cooisiste
314 students in total, with 50 fifth graders. The students in the Rockville Centre schools
are predominately White. In the 2010 school year, the breakdown was as follows: 79.3%
White, 5.1% Black, 5.7% Asian, and 9.9% Hispanic. Data from 2009 show that 7% of

students received free or reduced price lunch and 2% of the students weckihrthisr
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English proficiency. Finally, in 2009, 96.1% of Grade 4 students met standards in Math
and 95.3% met standards in English (“Rockville Centre,” 2010).

Class 1 had a total of 25 students: 13 boys and 12 girls. The parent of one girl
requested that she not participate in the study, reducing the sample of girlShe 11.
mean age of the students in this class was 10 years and 3 ngihth§.029 months;
Range = 9 years to 11 years and 6 months). Twenty students identified thensselves a
Caucasian, three as Hispanic, and one as Asian. Twenty-one students leanseda&ng|
their first language; two learned Spanish first; and one student leaahad first.

Twenty students spoke English only at home; two spoke Spanish only; one spoke
Spanish, Italian, and English; and one spoke French and English in the home.

Class 2 had a total of 25 students: 12 boys and 13 girls. Two boys declined to
participate in this study and one never returned his parental permission &lipg the
sample from this class 22. The mean age of the students in the sample was a@dear
2.2 months$D = 3.934 months; Range = 9 years and 6 months to 11 years). Eighteen
students identified themselves as Caucasian; 1 as African American; afi@tBer”. Of
the three that checked other, one wrote in Indian, one wrote “All of the Above” and one
checked Caucasian, African American, Hispanic, and Native Americanud#rsis
learned English first. Twenty students spoke English in the home; one spoke English and
Spanish; and one spoke only Indian.

Long Beach.The elementary school located in Long Beach is one of four
elementary schools in the district. According to the school values handbook, the staff
believes that “...everyone is entitled to learn in a safe and cooperative envitbnme

(“The Values Handbook and Contract,” n.d., p. 4). The school uses collaborative
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teaching strategies, as well as hands-on learning to actively erigdgets with the
learning process.

The average class size in grades 1 through 6 in the Long Beach district is 20
students. In the 2009 school year, the ethnic breakdown of the students in the district was
62% White, 13% Black, 4% Asian, and 21% Hispanic. Fifteen percent of students in the
district received free or reduced price lunch and 5% of the students werd imiteir
English proficiency. Finally, in 2009, 96.9% of Grade 4 students met the state standards
in Math and 87.7% met standards in English (“Long Beach,” 2010). These were the
fourth graders that comprised the fifth grade population from which my sample was
drawn.

The particular Long Beach school the researcher conducted the study in was very
heterogeneous. There were a total of 63 fifth graders. One of the three wlasses
inclusion class. The inclusion students were constantly pulled out of the classroom for
various activities and additional instructional help, and consequently were not thzlude
this study. Each class also had several students who participated in the “Learning
Activities to Raise Creativity” (LARC) program. These studentsvimgh achievers and
left the class one day a week for special enrichment lessons for the aptifiédnd school
operates on a six day cycle in which students rotate through several eidugaurr
activities such as peer mediation, chorus, band, art, speech debate, and remediation
classes. The classes were missing a number of students at any givéaringe¢he day.

Class 3 had a total of 21 students: 15 boys and 6 girls. Two boys declined to
participate and six boys and one girl never returned their parental permissisn for

bringing the sample from this class to 12. The mean age of the students in thisaslass w
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10 years and 1.5 monthS = 6.332 months; Range = 9 years to 11 years). Eleven
students identified themselves as Caucasian and one checked off both AfricareAmeric
and Caucasian, and as such was entered in as “Other.” Ten students lears&diEsgli

one learned Spanish first; and one learned Russian first. Nine students spoke English onl
at home; two spoke English and Spanish; and one spoke English and Russian in the
home.

Class 4 had a total of 21 students: 14 boys and 7 girls. Two boys declined to
participate in this study and three boys and one girl never returned theiaparent
permission slips, bringing the sample from this class to 15. The mean age of thesstudent
in the sample was 10 years offiD(= 3.928 months; Range = 9 years and 6 months to 10
years and 6 months). Twelve students identified themselves as Caucasian;i@as Afr
American; and 1 as Hispanic. All students learned English first. Thigieelents spoke
English in the home; one spoke Spanish; and one spoke only Italian.

Class 5 had a total of 21 students: 11 males and 10 females. One boy declined to
participate in this study and the parental permission slips were nevieecefrem two
boys and one girl. One boy who had permission to participate was absent during the
duration of this study, bringing the sample from this class to 16. The mean age of the
students in this class was 10 years and 3 mo8ihs @.382 months; Range = 9 years
and 6 months to 11 years). Eleven students identified themselves as Caucasian; one as
African American; one as Hispanic, one as Asian; and two as “Other.” One of the
students who checked off other wrote in “Don’t know” and the other filled in “Indian.”

Fourteen students learned English first; and two learned Spanish first. Bledents
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spoke English in the home; two spoken English and Spanish, one spoke Russian, and two
checked “Other” and filled in Bangla.

Thus, the final sample compared a total of 89 students who were randomly
assigned to the four intervention groups. A total of 46 participants, 22 boys and 24 girls,
were from the two Rockville Centre classrooms and 43 children, 23 boys and 20 girls,
were from the three Long Beach classrooms.

Selection of Words

Twenty-five biology terms were selected from Gl@ssary of Biology Terms
(Pearson Education, 2009) and fr&arts of the Cell (San Diego Supercomputer Center,
n.d.). The words chosen are all nouns which can easily be visualized. Thdyare &l
the middle school science curriculum (New York Department of Education, 2008).
Definitions

Definitions adapted from Merriam-Webster’s Collegiate Dictionary (199@)
Pearson EducationGlossary of Biology Terms (2009) were given. These definitions
were simplified to provide a clear understanding of the words suitable foftthgrade
students. Simple sentences illustrating the use of the words were generatduele
definitions. The definitions and sentences were reviewed by two fifth gracieets
independent of the study and unaware of the specific research questions and hy/pothese
to be certain that they were appropriate for a fifth grade sample. Seediyppeior the
definitions and sentences used for each vocabulary word.

Selection of Pictures
The pictures used for the Picture Presentation and Image Creation- Picture

interventions were found through a Google image search. Two picturegliior ea
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vocabulary word were chosen by the researcher, and the independent fifth achdeste
selected the one for each word that they agreed depicted the definitiohysaridavere

easy to see. The pictures were printed in color, pasted onto 4” X 6” index cardsrand we
laminated. See Appendix E for samples of the picture cards used for the interventions

Pre-Intervention Measures

Demographic information. All consenting students were given a demographic
information sheet. This enabled the researcher to collect information on chstiastef
the participants that may have been useful in analyzing the results, suchgendge,
and number of languages spoken. Though no specific differences between the students,
based on their demographics were hypothesized, the information colledietethe
researcher to examine if there were any unanticipated differbat@sen the students.

Each student wrote his/her identification number on the upper left corner of tharfdrm
was given 5 minutes to complete the task (see Appendix F).

Vocabulary pretest. A researcher designed vocabulary pretest was given to the
students, which contained 25 biology words. The test consisted of the vocabulary words
followed by four choices: three definitions and a “Not sure/Do not remember’echoic
Students were instructed to select the correct definition of the word. Theyolathat
the words were difficult and above their grade level, and not to worry if they did not
know the definitions. Once the tests were completed, they were scored. Fiftelsn wor
which 80% or more of the students did not know were selected for the interventions. If
there were more than 15, it was decided that the researcher would useietiodi in
picking words which she determined facilitate the formation of images rffaniergly
than the others for the purpose of the interventions. The pretest took approxitbately

minutes. See Appendix G for the biology pretest.
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Prior vocabulary knowledge. The Peabody Picture Vocabulary Test-1V, Form B
(PPVT-IV, Dunn & Dunn, 2007) was used to measure the students’ vocabulary
knowledge prior to the interventions. This is a norm-referenced measure of receptive
vocabulary and a screening measure for verbal ability (Coyne, McCoaadhs Laifboli,

& Kapp, 2009). As it is designed to measure an examinee’s receptive vocalbulary, i
serves as an achievement test of the level of a person’s vocabulary acquisgian. |
individually administered, norm-referenced, wide-range test (Dunn & Dunn, 2007).

In the test, students are presented with four pictures and are asked to point to the
one which best represents the word orally stated by the researcher. €228 st
items grouped into 19 sets, which are arranged in order of ascending diffiadkysé&t
contains 12 items (Dunn & Dunn, 2007). The score assigned is based on the number of
items the participant gets correct and his/her chronological age. The nthartest is
100, with a standard deviation of 15 (Pearson, 2007). The test shows a median internal
consistency reliability of .94 for both forms A and B, and median test-retedtiligl of
.93 (Pearson, 2007).

Interventions

This study examined predictions based both on the theories of dual coding and
depth of processing. The various manipulations of imagery employed in the int@mgenti
created a between-subjects factor with four different leVéihin each class, students
who had parental permission and assented to participate in the study were yandoml
assigned to one of four intervention groups.

Hibbing and Rankin-Erickson (2003) have stated that while verbal descriptions

may be sufficient for some students when learning vocabulary, picturescassawy to
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assist with comprehension for others. Two out of the three interventions which ethploy
imagery in this study, Picture Presentation and Image Creation-eRiptorvided a

picture for the students, while the other imagery intervention, Image @rehalto

Picture, required students to create an image on their own without the presefttte
picture.

The Word Only intervention neither employed the presentation of an image nor
instructed the students to create an image, as only the verbal presentdteowaifd was
given. The Picture Presentation intervention incorporated image preserdattbe
vocabulary word was paired with an image. The Image Creation- No Pictuheagel
Creation- Picture interventions both had an image creation component. Irathes Im
Creation- No Picture intervention, the students were responsible fangréagir own
image based on the definition and drawing it; and in the Image Creation€Pictur
intervention, the students saw a picture and drew their own version on paper. The latter
intervention was useful for examining if there was an additive effect olemag
presentation and image creation. A training condition was implemented at the gginni
of the study to familiarize the students with the tasks.

Training condition. Before each intervention was carried out by the researcher, a
training condition was conducted using the word “dog.” This word was chosers as it i
simple and familiar to the students, allowing them to focus on the type of task they would
be engaging in, rather than on the definition of the word itself. Each group wastiedtr
via the intervention they were assigned to. For example, the students whosigimedis
to Picture Presentation were shown a picture of a dog; the ImageoGrdddi Picture

treatment participants were told to come up with an image of a dog in their mahtts a
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draw it; the Image Creation- Picture treatment participants sagiiagnpf a dog and
then drew it on paper; and the Word Only treatment participants heard the word dog
repeated a second time. See Appendix H for the transcripts of the training conditions
Word Only intervention. For the Word Only treatment, a variation of the
procedure used in a 1978 study by Hargis and Gickling (as presented in Sadoski, 2005)
was used. In their study, which focused on abstract and concrete words, the vocabulary
was presented in the following way: participants were presented withotids an
flashcards in random order, they heard the word pronounced, heard it used in a sentence,
used it in a sentence of their own, and repeated the word. In this study, instead of being
asked to use the word in a sentence of their own, as these words were complicated and
represented unfamiliar science concepts, the participants were geveefithition of the
vocabulary word. For example, the researcher first presented thepaantiscwith the
word written on a 4” X 6” index card. Second, the researcher pronounced the word. Then,
the researcher provided a sentence containing the word. Fourth, the resgarehbe
participants the definition of the word. Next, the researcher presented thenviire
index card again, and finally, the researcher repeated the word.
Picture Presentation intervention.For the Picture Presentation intervention, the
aforementioned procedure was carried out. However, instead of repeating dhewor
step six, the researcher presented a picture of the word. For example,ofdrsehool”
was taught, a picture of a schoolhouse was provided on an index card. Therefore, in this
intervention the researcher presented the student with the word on an index card,

pronounced the word, used the word in a sentence, provided the definition, showed the
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word written on an index card for the second time, and then presented the picture index
card.

Image Creation- No Picture intervention.The procedure used for the Picture
Presentation intervention was repeated; however, instead of showing a,glatur
researcher instructed the student to create a mental image of thenddoddmaw it on a
sheet of 8 ¥2” X 11" paper. In this intervention, the researcher presented the sitident w
the word on an index card, stated the word, used the word in a sentence, provided the
definition, presented the word written on an index card for the second time, and
instructed the participants to create an image in their heads and draw it nrifpape
decision to have the participant draw the word was formulated to make the paitess a
and to check to see that indeed an image was created in response to the word.

Image Creation- Picture intervention. The procedure used for the Image
Creation- No Picture presentation was repeated; however, the fiftvasemodified.

Instead of showing the participants the word written on an index card, they were
presented with a picture of the word. This step was changed to help clarifynehat t
definition meant, assuring that students would not form inaccurate images imettes:.

In this intervention, the researcher presented the student with the word on aranex c
stated the word, used the word in a sentence, provided the definition, showed the students
a picture of the word on an index card, and finally instructed the participantsite are

image in their heads and draw it on paper. This sequence made the processyacti

having the students draw their image on paper. Students were told that they did not need

to copy the picture shown, but could use it to help guide them.
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All four groups were shown the word, heard the word, had it presented in a
sentence, and given a definition, in the same sequence in order to equalizerttentseat
The fifth and sixth steps varied between the interventions. See Table 1 fomtia ih
which each intervention was carried out. Also, in order to equalize the exposure to the
words, the amount of time for the variable steps was held constant at 30 seconds. This
means that the word and picture cards were held up for a total of 30 seconds and students
were only given this amount of time in which to create their pictures beforagivthe
next word.
Table 1

Format of the Interventions

Word Only Picture Image Creation- | Image Creation-
Intervention Presentation No Picture Picture
Intervention Intervention Intervention
1. Participants 1. Participants 1. Participants 1. Participants
were presenteq were presented were presenteq were presented
with word on with word on with word on with word on an
an index card an index card an index card index card
2. Word was 2. Word was 2. Word was 2. Word was
pronounced pronounced pronounced pronounced
3. Word was used 3. Word was used 3. Word was used 3. Word was used
in a sentence in a sentence in a sentence in a sentence
4. Definition of 4. Definition of 4. Definition of 4. Definition of
word was word was word was word was given
given given given 5. Student was
5. Word was 5. Word was 5. Word was shown a
presented on presented on presented on picture of the
index card index card index card word on an
again again again index card
6. Word was 6. Picture was 6. Studentwas | 6. Studentwas
repeated presented on instructed to instructed to
an index card create a create a mental
mental image image and
and draw it on draw it on
paper paper
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Post-Intervention Measures

Students’ acquisition and retention of the science vocabulary was assgsased b
battery of experimenter designed vocabulary comprehension tests. Theaseasa
given a day after the instruction of the vocabulary words, to assess immeckdiiearel
two weeks later. The tests given two weeks after the vocabulary instructioacetiebl
researcher to determine if the interventions allowed for efficient reteatithe
vocabulary words. At each time point, the students’ vocabulary knowledge weasedsses
using two measures: a word fill-in task and definition word match task.

According to the National Reading Panel (2000), experimenter designed measures
are more sensitive than standardized tests (Coyne et al., 2009). The sep$ithngse
tests to intervention effects is the reason they were used in this study.

Word fill-in task. The word fill-in tasks were similar to Cloze tests in that they
consisted of simple sentences with blanks in place of the vocabulary words idstructe
Students were given a series of sentences with one or two blanks for the biology words
Ten words out of the 15 instructed comprised the answers on the measures, but all 15
were included on each as possible answer choices.

Students were instructed to pick the word from the choices provided next to the
blank in order to correctly fill in the sentence. This required students to not only
remember the definitions of the vocabulary words they were taught, but alsedttisel
specific words that made sense in the context of the sentences. The numbexcof corr

words filled in the blanks was added to determine the amount of points awarded.
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The sentences for this outcome measure were reviewed by the two independent
fifth grade teachers who previously assessed the 25 sentences anadsgfitutbe sure
that the difficulty level was appropriate.

The delayed word fill-in tasks were comprised of the same word choities as
immediate recall fill-in tasks, but the content of the sentences was skdfetlgd to
prevent students from remembering their answer choices. See Appendild for
immediate and delayed recall fill-in tasks.

Definition word match. All fifteen words instructed were incorporated in the
definition word match tasks. Students received three word matches, each with fige word
for the biology terms. All of the tests were formatted in the same fashion.

On the left side of the page, students were presented with all five vocabulary
words. On the right side of the page, they were provided with the five definitions of the
words, in a rearranged format. Students were instructed to select thearetirat
corresponded to each vocabulary word.

The delayed definition word match tasks were rearranged, by mixing up the
groups of words, to prevent any repeated testing effects. See Appendike] for t
immediate and delayed recall word match tasks.

Qualitative Measures

After completing the delayed recall measures, participantsagsessed using
two qualitative measures: vocabulary learning evaluation forms and studergsiiss.
These measures allowed the researcher to gain a deeper undersiatitersgudents’

vocabulary learning and their perspectives as to the utility of the intemeniibrough
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the use of these two qualitative components, the participants’ opinions of the
interventions they experienced were elicited.

Vocabulary learning evaluations.Upon completion of the delayed recall
measures, each student was given an evaluation checklist (see Appendiskyadhi
used to elicit students’ opinions about the intervention he/she was exposed to. Each
student wrote his/her identification number on the top left of the form and was given 10
minutes to complete it.

Student discussionsAfter the students filled out the vocabulary learning
evaluations, the researcher randomly selected eight students per ddssntwach
intervention group, by picking their identification numbers out of a hat, and asking them
if they wanted to participate in a small group discussion. The researcher demove
students, intervention group by intervention group, from the rest of the class for
approximately 15 minutes for the purpose of this discussion. Students were asked to
describe what methods they used when attempting to learn and remember the mocabula
words that were presented to them. This was used as a fidelity check. In ottiertiver
researcher was able to gauge whether or not the participants used tlemiittiermethod
to which they were assigned, or whether they used their own strategies to help them
remember the vocabulary words. This also gave a sense of what the studewsl bel
works best for them in terms of vocabulary and concept learning. The questions were
presented just to facilitate discussion. The students were encouraged tmraagthing
else they think is relevant to the discussion of the vocabulary interventions. All response
were recorded by the researcher in a notebook while the students weragp®eaki

Appendix L for the questions asked.
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Research Design

A quasi-experimental design was used for the purpose of this study. While
students were randomly assigned to each intervention, they could not be randomly
assigned to classes, as these were intact groups.

The independent variable was the interventions, which consisted of four “levels”.
These levels varied in terms of the manipulations with regards to image ptiesesta
image creation. The way in which the manipulations were manifested within the

interventions is shown by Figure 1 below.

Image Creation

No Yes
No Word Only Image Creation-
_ No Picture
Image Presentati
Yes Picture Image Creation-
Presentation Picture

Figure 1. Layout of the interventions.

Each of the four interventions varied with regards to depth of processing and
whether or not imagery was involved. Figure 2 depicts each intervention, taking the

theoretical frameworks into consideration.
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Word Only Picture Presentation Image Creation- Image Creation-
Picture No Picture
No Imagery Image Presentatiory Image Creation + Image Creation

Image Presentatior]

Depth of Processing

Figure 2. Theories underlying the interventions.

The dependent variable in this study was vocabulary comprehension which was
measured by two different tasks: word fill-in and definition word match at tvierelit
time points: both immediately after the interventions and two weeks la&xamine
delayed recall. Therefore, this study also employed a 2 (outcome task: Wiord fi
definition word match) X 2 (time point: immediate recall, delayed recallimvsubjects
design. However, the results were analyzed using the composite saeaeh ime
interval separately to increase power.

This set-up afforded a more detailed look at vocabulary comprehension and the
effectiveness of the interventions. The relationship between the compositeacdibe
two time intervals was also examined. Administering the measures atte/paints
enabled the researcher to obtain data regarding both vocabulary acquisitieteatdirr.
Overall, four measures were collected per student: two outcome measures$isetw

points.
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Procedure

Administrative approval to conduct the study was sought from Long Island school
district offices. After receiving the superintendents’ permission, pringipsssstant
principals, and fifth grade teachers of Long Island elementary scheadscontacted by
the researcher to recruit the schools for the study. The researchpmseétings within
each school to explain the details of the study, the time requirements, and provide
examples of the measures.

Once all parties had given consent, permission forms were distributed tohall of t
students in the fifth grade classes to have their parents or guardians sign. Astbese a
were returned, the study was explained to the students and they were askei for
assent to participate. Upon collection of all of the permission forms, the egpézim
began pretesting.

The researcher visited all participating fifth grade claasedsrandomly assigned
the students numbers ranging from 1 to 99. Students were told to remember their
numbers for the duration of the study, as they were to write this number on top of every
sheet that they handed back to the experimenter. The participants were giveéexan i
card with their number on it, and instructed to keep the card in their desks and not to
discuss it with other students. The students’ names and the number they were assigned t
were recorded on a sheet of paper called the “master list.” Ther® segmarate master
list for each class. This list was placed in a sealed envelope and storededgphmas
only to be opened and consulted in the event that a student forgot his/her number, which
did not happen in this study. The fifth grade teachers and the research&otvable to

match the student to his/her code number, protecting the students’ confidentiality.
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The participants then filled out the demographic information forms. They were
told to write their number on the upper left hand corner, and were given 5 minutes to
complete the form. After this, the participants took the biology vocabularysprétesy
were instructed to record their numbers on the upper left hand corners of the papers, a
were allowed approximately 30 minutes to complete these tests. Aftelassevas
finished, the researcher rotated through the remaining classes, so all eftéisésprould
be analyzed together. This was possible for the two Rockville Centre classiidanms
remaining three Long Beach classrooms took the pretest at a lateoniceethe
intervention phase began in Rockville Centre.

Once all of the pretests were scored, the researcher selected 4% biolo
vocabulary words with which 80% or more of the students were unfamiliar, and which
were deemed by the researcher to easily facilitate imagerye Wuoeds were used for
the interventions and outcome measures.

The researcher then rotated through the classes in the same ordan@sessi
participants’ initial vocabulary knowledge using fPeabody Picture Vocabulary Test-

IV (PPVT-IV, Dunn & Dunn, 2007). Students were removed from the classroom one by
one for approximately 12 to 15 minutes to complete this assessment. The number of each
student was recorded on the upper left hand corner of the researcher’s result sheet. The
researcher informed the students that she would be coming back in the near futaye to pl

a series of vocabulary games with them.

For the purpose of the intervention phase of the study, the researcher focused on
one class at a time. Within each class, students were randomly assignedftdhe four

interventions. The researcher instructed the students from the first grole b5
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biology vocabulary words as per the intervention each group was assignedleth&/hi
researcher was working with each group, the other three groups continineleivi
normal classroom activities. Students who declined to participate or did not retur
parental permission forms also continued with their regularly scheduled asstgnm

Twenty-four hours after the instruction of the biology terms, the researcher
returned to the class and administered the biology outcome measures. She gave t
students the biology fill-ins and word matches, and instructed them to record thei
identification numbers on the papers. Participants were given 10 to 15 mowutes t
complete these assessments.

Two weeks after the initial vocabulary instruction, the reseangturned with
the delayed outcome measures to assess retention of the biology vocabulary words. The
same procedure used for the immediate recall outcome measures was émploye

After the words were instructed and assessed using the comprehensanesiea
the researcher visited the class to give the students the vocabulanyjeamuations.
Students were told to record their numbers on the upper left hand corner and were give
10 minutes to complete this assessment.

Finally, the researcher randomly selected eight numbers from thetalagsom
each group, and asked the students that corresponded to these numbers if thelgavould li
to participate in a short group discussion. Additional numbers were drawn until two
students from each group willing to participate were obtained. The rese@nctuzred
these participants from class for approximately 15 minutes, group pair by gigugnpa
asked them what methods they used when learning the vocabulary words, as per the

student discussion questions. All responses were recorded on a note pad.
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At the culmination of the study, the master list was consulted to remove the
students who patrticipated without parental permission. Some students, even iadter bei
instructed not to fill out the forms if they had not submitted a parental permission form
continued to do so. These numbers were deleted from the SPSS data grid.

The above intervention and post-intervention procedure was repeated for the

remaining classes. Table 2 summarizes the procedure used.
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Table 2

Sudy Procedure

Activity

Time Period

School and district permission

Parental/guardian permission
Student assent
Assignment of numbers to students

Demographic information (5 minutes)
Vocabulary pretest* (15 minutes)

Selection of words for interventions
PPVT-IV (12-15 minutes per student)

Random assignment of students to
each of the four interventions
Instruction of biology words via the
intervention assigned

(20 minutes per group)

Immediate recall outcome measures
for the biology words the day after
instruction (10-15 minutes)
Delayed recall measures for the
biology words two weeks later
(10-15 minutes)

Vocabulary learning evaluations
(10 minutes)

Random selection of students for
discussion and student discussions
(15 minutes)

Repetition of intervention and
outcome measure phases for the
remaining classes

March- April 2010

September 2010
September 2010

September 2010
(Day 1 pre-intervention phase)
September 2010
(Day 1 pre-intervention phase)
September 2010
(Day 1 pre-intervention phase)

September- October 2010

(Days 2-10 pre-intervention phase)
October 2010

(Day 1 intervention phase)
October 2010

(Day 1 intervention phase)

October 2010
(Day 2 intervention phase)

October 2010
(Day 3 intervention phase)

October 2010
(Day 1 post-intervention phase)
October 2010
(Day 1 post-intervention phase)

Depending on the locations of the
schools the days may coincide with
one another

*Not carried out as originally intended
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Data Analyses

Statistical analyses enabled the researcher to determine hotiveftee
interventions were in improving the participants’ science vocabulary atgoiand
retention. Descriptive statistics were computed for each outcome meaduhe #PVT-
IV to examine the means and standard deviations, as well as identify anysoutlier

Examination of the relationships between the variable®emographic
variables, such as age, gender, ethnicity, number of older or younger siblings, and
number of languages spoken, were entered into a general linear model to defexnyine
were significant predictors of the outcome scores. The PPVT scoreshereradded into
these models to examine whether or not the demographics contributed to anyatifferen
in the outcome variables at immediate and delayed recall once the covasdtkeva
into account.

Benefits of imagery and deep levels of processing (Hypotheses 1, 2, and ).
test the first two hypotheses, as well as the third regarding the benafisgary as well
as deep levels of processing, a series of statistical tests wasl cari A one-way
analysis of covariance (ANCOVA) was used to examine any differencgedrethe
students in the intervention groups for fill-in and word match tasks, using the camposit
score. This test was conducted at both the immediate and delayed recpdititse The
PPVT-IV scores were used as a covariate in the statistical mod&lidéatomparisons
were also conducted to determine where any observed statisticalrdiéferies.

Change scores were also computed (delayed composite scores- immediate
composite scores) to determine if there was a significant differencedsetive two time

points. This was used to handle the repeated measures component of the study.
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Participants’ perceptions regarding the utility of the interventions
(Hypothesis 4).To examine the fourth hypothesis focusing on the utility of the
interventions, the first four questions of the vocabulary learning evaluationwere
dummy coded to represent the answers the students provided. Numbers were assigned to
the answer choices in the following way: 3= completely agree, 2= somagiest, 1=
somewhat disagree, and 0= completely disagree. An analysis of coegdCOVA)
was carried out for each question to explore any differences betweentstpeeceived
usefulness of the interventions and the particular intervention they weneemktig For
guestion 5, regarding the use of other methods to enable the student to learn the
vocabulary words, the number of students who responded yes in each intervention group
was tallied and the means were compared using an ANCOVA. Finally, tivenan
answers to question 6, which asked the students to describe any methods that they used,
other than the interventions, to help them learn the words were transcribed. The
researcher looked for any commonalities amongst the approaches both vathgrag
and across the groups.

The first three discussion questions were also analyzed to examine this
hypothesis. For questions 1, 2, and 3, which required simple yes or no answers, the
responses from each group were tallied. This allowed the researcher tometbe
percentage of students from each intervention who found the method they were exposed
to useful, fun, and the percentage of those who believed they would remember the
vocabulary words.

Participants’ awareness of the components of the interventions (Hypothis

5). To examine the fifth hypothesis regarding the participants’ awareh#ss
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components of the interventions, the answers to the last four student discussiamsjuesti
were analyzed. For questions 4, 5, 6, and 7, which were open-ended and dealt with
students’ specific vocabulary learning methodologies, answers were itredsznd
analyzed. The researcher looked for common themes which appeared both within each
intervention group and across groups.

In addition, the number of students from each group who were able to identify the
components of the intervention they were placed in (question 4), be it presentation of a
picture or creating a mental image, were tallied. The percentagedehst who were
able to correctly describe the approach that was used to teach them the vocatmasry w
from each intervention group was compared. This allowed the researcher taroeter
students’ awareness of the components of the interventions.

Finally, the number of students from the Word Only and Image Creation- No
Picture groups who expressed the need for pictures to help them remember the@asords
recorded.

Missing Data

Four students were missing from immediate recall, so a total of 85 senteinte fill
and word match tasks were completed. These four students were not given tbe delay
measures, and an additional 5 students were not present at delayed recdlbf8@ta
students completed the delayed sentence fill-in and word match tasks.

To handle the missing data, the scores for the outcome measures of the students
present in that particular intervention group and class were averaged. This v&lue wa
entered as the missing participants’ score. This was also done for thoselwlod fdl in

the intervention evaluation form. This was a reasonable way to approach shegrdata
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as it was the mean of all other students undergoing the same combinatiomadriteat
within the same class placement. This is known as a single imputation fargydasa.
Essentially, the average of the data that was collected was used td&I“motes.”

In terms of the demographic variables measured, there were no major difference
between the students who were missing at immediate recall, delaykdoreataboth
time points and those who were present for both outcome measure administratians. Ther
were a total of nine students who missed one or both of the outcome measures. These
students had a mean age of 10 yed&ils< .4330 months; Range = 9 years to 10 years
and 6 months). Their mean PPVT age equivalent was 132.22 m8bthsl0.143
months; Range = 8 years and 10 months to 13 years and 1 month) and the mean grade
equivalent of these students on the PPVT was 54956-(1.3648; Range = 3.4 to 7.0).
The rest of the sample, excluding the missing students, had a mean age of A4@dears
2.33 months$D = 5.006 months; Range = 9 years to 11 years and 6 months), a mean
PPVT age equivalent of 135.95 montBB = 15.896 months; Range = 8 years and 9
months to 15 years and 8 months), and PPVT grade equivalent of 5.529 r8briths (
1.1768; Range = 3.2 t0 9.8). The difference between those who were missing for one or
more measures and those who were not in terms of chronologicg@ ag&d2), PPVT
age equivalent (in monthg) € .515), and PPVT grade equivalgptH.517) were not
significant p < .05). There were also no differences between the two sub samples in
terms of number of languages spoker(141), number of younger siblings<£ .263),
or number of older siblingp(E .825). Therefore it is reasonable to assume that the
characteristics of those who missed one or more measures were sinmtgetovho did

not.
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The data was laid out to include the participants, the school they were in, class
they were in, chronological age, PPVT age equivalent, PPVT grade equitta¢ent
intervention used (dummy coded to reflect Word Only, Picture Presentatiare Ima
Creation- No Picture, and Image Creation- Picture), and the outcome ensesres of
both tests at immediate and delayed recall. The dummy coded answers to thagjuest
from the vocabulary learning evaluation forms were also included.

Design Justification

While an alternate factorial design was considered, it was not used due to the
layout of the study. In a factorial design, a factor is the major independeiilgaand
the level is the subdivision of a factor (Trochim, 2006). Furthermore, “The 2 x 2 factoria
design calls for randomizing each participant to treatment A or B to address stierque
and further assignment at random within each group to treatment C or D to examine a
second issue, permitting the simultaneous test of two different hypothesespi@ta
Buring, Willett, Rosner, Eberlein, & Hennekens, 1985, p. 111).

In the study presented, a 2 X 2 factorial design would imply that the faajors
were image presentation and image creation, which is not the case. Rather, these
manipulations are components of the interventions. For example, while the Word Only
intervention lacked both the image creation and image presentation components; these
were instead replaced by the presentation of the word on an index card and the verbal
pronunciation of the word.

The interventions were based upon the concept of imagery and its possible use in
facilitating both acquisition and retention of science vocabulary words. To further

examine the usefulness of the different interventions, depth of processing wagezmpl
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as a lens in which to explore the effects of imagery on the students’ learditigsabi
Therefore, the study employed a 1 between-subjects variable, whicheniagetvention,
complete with four levels: Word-Only, Picture Presentation, Image Gredlio Picture,
and Image Creation- Picture.

While the hypotheses and literature review could have been restructureatéo cre
a factorial design, thus enabling a different, more stringent set ofisttissts, this was
not the inherent purpose of the study. The study did not look separately at image creation
and image presentation; instead it examined various manipulations taking depth of
processing and imagery into consideration. Three out of the four interventiodorelie
imagery and each imagery intervention increased the level of processingliffevent

interventions were being compared to one another.
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CHAPTER 4
Results

This chapter describes the results of the study. Hypotheses related to/imager
depth of processing, and participants’ perceptions of the interventions are éxplore
through an analysis of the data.
Missing Data

There was relatively little missing data because the study commencszttrel
week of school in Rockville Centre and shortly thereafter in Long Beach. Thereache
said it was quite common to have students with 100% attendance in their schools. During
the pretest, intervention, and the vocabulary assessments at immediate amtirdetdlye
almost all of the students were present. Accommodations were made fay tleeti
students with the PPVT-1V if they were absent.

No students missed the intervention phase of the study. Four students missed the
immediate recall measures, and as such were not given delayed recatleséas
weeks later. While this led to a greater amount of missing data, those whalgent for
part of the process could not be included. These students may have spoken to other
students in the class about what the outcome measures entailed or may havedattempt
study the words on their own, knowing that there would be a follow up assessment. By
removing these students from the sample of those who took the outcome measures, an
additional confounding effect due to environmental influences was avoided.

All missing data points were handled using a single imputation approach in which
the average of the students present for that intervention and class was asstgaed a

value. As mentioned, only 4 students were absent for immediate recall and emmalddit
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5 missed the delayed measures. Therefore this approach was used to corofakté a t
13 data points.
Vocabulary Pretest

Due to issues with contacting the second site at Long Beach, the pretest could not
be given to all students in the study at once. Instead, the pretest was given loaly to t
Rockville Centre classes before the words were chosen. All of the wordsiafamiliar
to a majority of the students, and as such, none were eliminated.

The pretest was still given to the Long Beach students to be certainethat t
overwhelming majority were not familiar with any of the words previosslgcted for
the intervention phase of the study. After grading the Long Beach studestgrtte
following words were eliminated: cytoplasm, esophagus, mitochondria, nucleus, and
pistil. From those five words, the only one that had previously been selected for the study
was pistil. Out of the entire sample of students who took the pretest, 21.7 % of the
students were familiar with the word pistil, which is 1.7% over the cutoff. Thigelilte
is most likely negligible.

When presenting the instructions for the pretest, it was stressed that tmesstude
not simply “guess” the correct answers, but try their best and cirdesiNe/Do not
remember” if they were unfamiliar with any of the words. The students eguptatake
the test very seriously and listened to all of the instructions. Most of the pnetrst
returned with the “Not sure/Do not remember” choice checked off for all 25 guesti
While these students checked off the same answers for every question, thegdafmpea

spend a great deal of time reading the words and definitions before choosifigheir
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answers. None of the students handed in their pretests early; all used théotiectal
think about the words and take the test.

One student said when he returned the test, “Il wasn't able to answer anything so |
had to put the same answer for all of them.” He was assured that the point of tileeexerc
was to identify words that he and his classmates were unfamiliar with and thdtdre
excellent job.

Results of the Demographic Data

Data were collected from 89 students in two schools. Two classrooms from the
Rockville Centre school took part in this study and three classrooms from the Long
Beach school were included. Forty-five students from the total sample weremoad4
were female. The mean of the students’ chronological ages was 122.09 months, or 10
years and 2.09 months of ag®(= 5.044 months; Range = 9 years to 11 years and 6
months).

The results of the demographic information sheet disseminated to the padicipant
are displayed in Table 3. As shown, the data obtained from both schools were
comparable. A majority of students in both schools were Caucasian, learnet Ersjlis
spoke English in the home, and spoke only one language. Most students in both schools

had zero to one older siblings and zero to one younger siblings.
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Table 3

Demographic Information Data

Rockville Long Totals
Centre Beach

Male 23 22 45
Gender Female 24 20 44

English 43 39 82
Spanish 2 3 5
First Language Italian 1 0 1
Russian 0 1 1

One 39 32 71
Number of Languages Spoken Two 5 11 16
Three 2 0 2
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Zero 19 20 39
Number of Younger Siblings One 22 17 39
Two 5 4 9
Three 0 2 2

There were some issues that arose with the demographic information sheet. For
guestion 3, which asked students to check off a box describing their ethnicity, some
students had trouble classifying themselves. Many raised their hands arhstidyt
did not have one answer. The students were then told to check all of the boxes they felt
described who they are. This was done so the students would not feel uncomfortable
picking one box, and instead allowed them to capture their complete identities.

Students who checked multiple boxes for question 3 were assigned a value of “5”
for the data analysis, which corresponds to “Other.” For example, one studentadentifi
himself as Caucasian/White, African American, Hispanic, and Native AarerOther
students, who checked one box and then clarified by writing in their nationaligy, wer
assigned the number corresponding to the first box they checked. For exampld, one gi
checked Caucasian/White and Other, and wrote in Irish and Czechoslovakian. She was
assigned the value of “0” which corresponds to Caucasian/White.

To examine the effect of the demographic variables on the composite outcome

scores at both immediate and delayed recall, the participants’ chronokaggc@h
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months), PPVT age equivalent (in months), gender (dummy coded: 0= male, 1 = female),
the school (dummy coded: 0 = RVC, 1 = LB) and classroom the students were in
(assigned numbers 1 to 5), number of older and younger siblings, and the intervention the
students were assigned to, were incorporated into a general linear model.

Ethnicity was not taken into consideration or added in to the model, because this
demographic did not have enough variability. In terms of ethnicity, 80.9% of the sample
was Caucasian. There was also very little variability on the langinagaateristics of the
students, which were determined by demographic questions regardingnfitshde
learned, language spoken at home, and total number of languages spoken. English was
the first language learned by 92.1% of the students. Eighty-two percentsaintipée
spoke English at home, and 79.8% spoke only one language. Again, since there was
relatively no spread in the data, these variables could not be examined in tdreis of t
impact on the outcome measures.

After the possible predictor variables (chronological age, PPVT age Emijva
gender, school, classroom, number of older siblings, number of younger siblings,
intervention assigned) were added in, the normality of data assumption was cloecked f
the continuous variables. While this assumption was met for age and number of younger
siblings, it was not met for the number of older siblings. The distribution of number of
older siblings was skewedk(= 1.673), so a square root transformation was used to
normalize the data. This transformation served to effectively normbbzasata gk =
.365).

Looking at all the aforementioned demographic variables at immedialg bgc

entering them into a general linear model to screen for any potential ggyhmgr
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predictors, the transformation of the number of older siblings showed significance
F(8,88) = 4.222p = .043. This suggested that it could possibly have been a predictor of
the outcome scores; however, at delayed recall, this variable was no longerasiy
F(8,88) = .060p = .807. Once PPVT age, as a measure of receptive vocabulary, and the
intervention condition were added into the model, along with the number of older
siblings; the transformation of the number of older siblings no longer predicted gnythin
F(5,88) = 1.609p = .208. Therefore, this particular variable did not explain any variance
in the immediate recall outcome scores once the covariate and interventoorowgght
into the model. When all of the demographic variables were added into the model,
correcting for the covariate and intervention assigned, the older siblings traaiséor
did not reach significance eithgf12,88) = 3.727p = .057.

Based on Table 4, taking into consideration all of the demographic variables at
immediate recall, and adjusting the values to reflect the covariate and mtiemyenly

the intervention showed significance pt.001).
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Table 4

Demographic Predictors at Immediate Recall

Tests of Between-Subjects Effects
Dependent Variable:Immediate Recall Composite Score

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 744.853% 12 62.071 2.743 0.004
Intercept 0.072 1 0.072 0.003 0.955
PPVTAge 85.684 1 85.684 3.786 0.055
Intervention 417.419 3 139.14 6.148 0.001
School 34.02 1 34.02 1.503 0.224
ClassNumber(School) 112.683 3 37.561 1.66 0.183
Gender 0.013 1 0.013 0.001 0.981
Age2 6.405 1 6.405 0.283 0.596
NumberYoungerSiblings 4.744 1 4.744 0.21 0.648
SQRT_NUMBEROLDERSIBLING 84.346 1 84.346 3.727 0.057
S
Error 1720.024 76 22.632
Total 24930 89
Corrected Total 2464.876 88

a. R Squared = .302 (Adjusted R Squared = .192)

None of the other factors were significant in predicting the variance of the
outcome scores. Therefore, the differences between students of differens sclagsks,
genders, chronological ages, with varying numbers of older and younger svidirgysf
negligible importance in predicting the outcome scores. As can be seen by Tt
was also the case at delayed recall, in that the intervention was the onlyoprtedshow

significance p = .000).
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Table 5

Demographic Predictors at Delayed Recall

Tests of Between-Subjects Effects
Dependent Variable:Delayed Recall Composite Score

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 725.509% 12 60.459 2.83 0.003
Intercept 0.056 1 0.056 0.003 0.959
PPVTAge 47.948 1 47.948 2.245 0.138
Intervention 510.33 3 170.11 7.964 0
School 10.47 1 10.47 0.49 0.486
ClassNumber(School) 106.782 3 35.594 1.666 0.181
Gender 5.26 1 5.26 0.246 0.621
Age2 11.185 1 11.185 0.524 0.472
NumberYoungerSiblings 28.469 1 28.469 1.333 0.252
SQRT_NUMBEROLDERSIBLING 3.236 1 3.236 0.151 0.698
S
Error 1623.367 76 21.36
Total 25454 89
Corrected Total 2348.876 88

a. R Squared = .309 (Adjusted R Squared = .200)

Overall, this analysis demonstrates that the intervention was effectiveas not
contingent upon the demographics of the sample. Demographic variables had nothing to
do with the results seen once the intervention was taken into account.

PPVT Results

The PPVT raw scores were determined based upon the last picture number of the
ceiling set, in which students had eight or more errors, and the overall amount of
incorrect answers. After computing the raw score, the PPVT-IV norms b¢BRIefT -

IV, Dunn & Dunn, 2007) was consulted to obtain the age and grade equivalent of each

participant (see Appendix M).
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The mean PPVT age, which for the purpose of this study served as a measure of
receptive vocabulary, was 135.57 montH3 € 16.169 months). This is equivalent to 11
years and 3.57 months of age. The minimum PPVT age was 105 months and the
maximum was 188 months. The mean PPVT grade equivalent was S5611(1914),
which is equivalent to 5 months after the start of the fifth grade year. Thexunmwas
3.2 and the maximum was 9.8.

Outcome Data

The mean and median were very close for both immediate and delayed recall, thus

the assumption of normality was met. There was relatively no skew or kurtosesao t

were no outliers which affected the results (see Table 6).

Table 6

Normality of the Outcome Data

Statistics

Immediate Delayed
Recall Recall
Composite Composite
Score Score
N Valid 89 89
Missing 0 0
Mean 15.89 16.11
Median 16 17
Std. Deviation 5.292 5.166
Skewness -0.067 -0.349
Kurtosis -0.578 -0.826
Minimum 3 5
Maximum 25 25

The results presented in Table 7 indicate that the homogeneity of regress
assumption was also m@t£.512). This means that the relationship between the

covariate and outcome measure was the same for each intervention.
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Table 7

Homogeneity of Regression of the Data

Tests of Between-Subjects Effects

Dependent Variable:Immediate Recall Composite Score

Type IIl Sum
Source of Squares df Mean Square F Sig.
Corrected Model 609.081° 7 87.012 3.798 .001
Intercept 35.282 1 35.282 1.540 .218
PPVTAge 101.682 1 101.682 4.438 .038
Intervention 32.667 3 10.889 475 .700
Intervention * PPVTAge 53.162 3 17.721 773 512
Error 1855.795 81 22.911
Total 24930.000 89
Corrected Total 2464.876 88

a. R Squared = .247 (Adjusted R Squared = .182)

As shown in Table 8, homogeneity of variances was not met. However, since the

size of each intervention group was so similar, any effects of this violagaregligible.

Table 8

Homogeneity of Variance of the Data

Levene's Test of Equality of Error Variances 2

Dependent Variable:Immediate Recall Composite Score
F dfl df2 Sig.
4.258 3 85 0.007

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a. Design: Intercept + PPVTAge + Intervention




116

Acquisition Results

Hypotheses 1 and 2Hypothesis 1, based on the dual coding theory, stated that
students in the imagery interventions would score significantly higher on theadiata
recall outcome measures compared to those in the Word Only intervention. Hypdthesis
which was based on depth of processing, predicted that those in the Image Creation-
Picture intervention should score the highest, followed by those in the Imag®©reat
No Picture intervention, Picture Presentation intervention, and finally thosel pheite
Word Only intervention group.

After all students had been randomly assigned to each of the four interventions
within each class, a total of 21 were placed in the Word Only intervention; 22 in the
Picture Presentation intervention; 22 in the Image Creation- No Pictureeintien; and
24 in the Image Creation- Picture intervention.

A one-way ANCOVA was used, entering the PPVT age equivalent as the
covariate. The between-subjects factor was the four levels of the intervant the
within-subjects factor was the immediate recall composite score ondr@utaome
measures.

Presented in Table 9.1 are the findings from a one-way analysis of coearianc
model in which immediate recall serves as the dependent variable. Recepélvelanc
(PPVT) is the covariate and intervention is the “focal” independent varialfiesin t
analysis. At immediate recall, there was a significant differentveclea participants
placed in the different intervention group&,84) = 6.939p = .000.

As shown by the Source Table (see Table 9.2), the effects of both the covariate

and the focal independent variable, PPYE (009) and intervention conditiop €
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.000), were statistically significant (boih< .05). As shown by the section of the output
labeled “Parameter Estimates” (see Table 9.3), the relationshipdretiae covariate and
the dependent variable was positively sigrted (087), indicating that higher scores on
the PPVT, which is a measure of receptive vocabulary, were associatedgnatiex
number of words remembered at immediate recall, controlling for thestiethe four

intervention conditions.

Table 9.1

Immediate Recall Overall Results

Univariate Tests
Dependent Variable:Immediate Recall Composite Score

Sum of
Squares df Mean Square F Sig.
Contrast 473.053 3 157.684 6.939 0
Error 1908.957 84 22.726

The F tests the effect of Intervention Assigned. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

Table 9.2

Immediate Recall Source Table

Tests of Between-Subjects Effects
Dependent Variable:Immediate Recall Composite Score

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 555.920° 4 138.98 6.116 0
Intercept 18.761 1 18.761 0.826 0.366
PPVTAge 163.489 1 163.489 7.194 0.009
Intervention 473.053 3 157.684 6.939 0
Error 1908.957 84 22.726
Total 24930 89
Corrected Total 2464.876 88

a. R Squared = .226 (Adjusted R Squared = .189)



118

Table 9.3

Immediate Recall Parameter Estimates

Parameter Estimates
Dependent Variable:Immediate Recall Composite Score
95% Confidence

Interval

Std. Lower Upper
Parameter B Error t Sig. Bound Bound
Intercept 7.115 4.355 1.634 0.106 -1.545 15.775
PPVTAge 0.087 0.032 2.682 0.009 0.022 0.151
[Intervention=0] -6.538 1.455 -4.492 0 -9.432 -3.644
[Intervention=1] -3.416 1.408 -2.426 0.017 -6.217 -0.616
[Intervention=2] -2.443 1.426 -1.713 0.09 -5.279 0.393

[Intervention=3] 0?

a. This parameter is set to zero because it is redundant.

With respect to the interventions, follow-up pairwise comparisons (see Table 9.4)
among the four intervention conditions indicate that fifth graders assigned to the Word
Only intervention demonstrated a statistically significant differdrara those in the
Picture Presentation conditiop £ .037), the Image Creation- No Picture presentation
(p =.006), and the Image Creation- Picture presentgbien@00).

The pairwise comparisons indicate that the fifth graders assigned tathes Pi
Presentation condition did not differ significantly from those in the Imagat©n- No
Picture groupg = .503). However, the composite recall scores of those in the Picture
Presentation group were significantly different from those in the ImaggiGn- Picture
group =.017).

Finally, the students in the Image Creation- No Picture group did not differ

significantly from those in the Image Creation- Picture grqup 090).
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Table 9.4

Immediate Recall Pairwise Comparisons

Pairwise Comparisons
Dependent Variable:Immediate Recall Composite Score

95% Confidence
Interval for Difference®

Mean
(J) Intervention Difference Lower Upper
(1) Intervention Assigned Assigned (1-J) Std. Error Sig.* Bound Bound
Word Only Picture -3.122 1.475 0.037 -6.055 -0.189
Presentation
Image Creation- -4.095" 1.456 0.006 -6.99 -1.2
No Picture
Image Creation- -6.538" 1.455 0 -9.432 -3.644
Picture
Picture Presentation Word Only 3.122" 1.475 0.037 0.189 6.055
Image Creation- -0.973 1.449 0.503 -3.854 1.907
No Picture
Image Creation- -3.416 1.408 0.017 -6.217 -0.616
Picture
Image Creation- No Word Only 4,095 1.456 0.006 1.2 6.99
Picture Picture 0.973 1.449 0.503 -1.907 3.854
Presentation
Image Creation- -2.443 1.426 0.09 -5.279 0.393
Picture
Image Creation- Picture Word Only 6.538" 1.455 0 3.644 9.432
Picture 3.416' 1.408 0.017 0.616 6.217
Presentation
Image Creation- 2.443 1.426 0.09 -0.393 5.279
No Picture

Based on estimated marginal means
*. The mean difference is significant at the .050 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Trends of the adjusted means (see Table 9.5), taking the covariate into account,
show that those in the Image Creation- Picture group scored the highe4i8;879),

followed by those in the Image Creation- No Picture grédip (16.436), followed by the

Picture Presentation groull & 15.462), and finally the Word Only groull € 12.341).
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Table 9.5

Immediate Recall Intervention Trends

Estimates
Dependent Variable:Immediate Recall Composite Score
95% Confidence Interval

Upper
Intervention Assigned Mean Std. Error  Lower Bound Bgt?nd
Word Only 12.341° 1.052 10.248 14.433
Picture Presentation 15.462° 1.02 13.434 17.491
Image Creation- No 16.436° 1.02 14.406 18.465
Picture
Image Creation- Picture 18.879° 0.983 16.923 20.834

a. Covariates appearing in the model are evaluated at the following values: PPVT
Age Equivalent (measured in months) = 135.57.

Summary. In the data on immediate recall, Hypothesis 1 was fully supported,
while Hypothesis 2 was partially supported.

Hypothesis 1. Hypothesis 1, which was based on the dual coding theory, stated
that students assigned to the imagery interventions would score signifiughtty than
those in the Word Only intervention. This was supported. Students in the Picture
Presentation, Image Creation- No Picture, and Image Creation- Pi¢ermeitions all
scored significantly higher than those assigned to the Word Only intervention.

Hypothesis 2. According to Hypothesis 2, which was based on depth of
processing, those in the Image Creation- Picture intervention should score tls¢, highe
followed by those in the Image Creation- No Picture intervention, those in thieePict
Presentation intervention, and finally the students assigned to the Word Only
intervention. This hypothesis was partially supported. Trends do follow this pattern;
however, as shown by the pairwise comparisons, not all differences betwgeoube

were statistically significant.
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Retention Results

Hypothesis 3.Hypothesis 3 stated that students in the imagery intervention
groups should score significantly higher than those placed in the Word Only group at
delayed recall. However, the differences between each of the groups wouldasot be
clearly defined as those predicted for immediate recall.

Another one-way ANCOVA was used, entering the PPVT age equivalent as the
covariate. This time, the within-subjects factor was the composite score twothe
delayed outcome measures.

As shown by Table 10.1, there were significant differences between the
interventions at delayed recghl € .000). As shown by the Source Table (see Table 10.2),
both the covariate PPVP £ .053) and intervention conditiop € .000) were
statistically significant. Based on Table 10.3, labeled “Parameter Essifhthe
relationship between the covariate and the dependent variable was posiguely b =
.062), which indicates that higher scores on receptive vocabulary were &skaadihta
greater number of words remembered at delayed recall, controlling feffelsts of the

four intervention conditions.

Table 10.1

Delayed Recall Overall Results

Univariate Tests
Dependent Variable:Delayed Recall Composite Score

Sum of

Squares df Mean Square F Sig.
Contrast 504.116 3 168.039 7.83 0
Error 1802.821 84 21.462

The F tests the effect of Intervention Assigned. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.
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Delayed Recall Source Table
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Tests of Between-Subjects Effects

Dependent Variable:Delayed Recall Composite Score

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 546.056° 4 136.514 6.361 0
Intercept 68.191 1 68.191 3.177 0.078
PPVTAge 82.573 1 82.573 3.847 0.053
Intervention 504.116 3 168.039 7.83 0
Error 1802.821 84 21.462
Total 25454 89
Corrected Total 2348.876 88
a. R Squared = .232 (Adjusted R Squared = .196)
Table 10.3
Delayed Recall Parameter Estimates
Parameter Estimates
Dependent Variable:Delayed Recall Composite Score
95% Confidence
Interval
Std. Lower Upper
Parameter B Error t Sig. Bound Bound
Intercept 10.201 4.232 2.41 0.018 1.785 18.616
PPVTAge 0.062 0.031 1.961 0.053 -0.001 0.124
[Intervention=0] -6.003 1.414 -4.245 0 -8.816 -3.191
[Intervention=1] -3.576 1.368 -2.613 0.011 -6.297 -0.854
[Intervention=2] -0.599 1.386 -0.432 0.667 -3.356 2.157

[Intervention=3] 0®

a. This parameter is set to zero because it is redundant.
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With respect to these interventions, follow-up pairwise comparisons among the
four conditions (see Table 10.4) indicate that fifth graders assigned toottteQfily
intervention did not show statistically significant differences from thodeeifPicture
Presentation group & .094). However, they were significantly different from those in
the Image Creation- No Picture groygp=.000) and those in the Image Creation- Picture
group 0 =.000).

In terms of the scores on the delayed composite outcome measures, those in the
Picture Presentation group were significantly different from those iimtage Creation-

No Picture groupg = .037) and those in the Image Creation- Picture grpep.Q11).
There was no statistically significant difference between those imihgel Creation- No

Picture group and those in the Image Creation- Picture gpoape67).
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Table 10.4

Delayed Recall Pairwise Comparisons

Pairwise Comparisons
Dependent Variable:Delayed Recall Composite Score

95% Confidence
Interval for Difference®

Mean
(J) Intervention Difference Lower Upper
() Intervention Assigned Assigned (1-J) Std. Error Sig.? Bound Bound
Word Only Picture -2.428 1.433 0.094 -5.278 0.423
Presentation
Image -5.404" 1.415 0 -8.217 -2.59
Creation- No
Picture
Image -6.003" 1.414 0 -8.816 -3.191
Creation-
Picture
Picture Presentation Word Only 2.428 1.433 0.094 -0.423 5.278
Image -2.976 1.408 0.037 -5.776 -0.177
Creation- No
Picture
Image -3.576 1.368 0.011 -6.297 -0.854
Creation-
Picture
Image Creation- No Word Only 5.404 1.415 0 2.59 8.217
Picture Picture 2.976" 1.408 0.037 0.177 5.776
Presentation
Image -0.599 1.386 0.667 -3.356 2.157
Creation-
Picture
Image Creation- Picture Word Only 6.003 1.414 0 3.191 8.816
Picture 3.576 1.368 0.011 0.854 6.297
Presentation
Image 0.599 1.386 0.667 -2.157 3.356
Creation- No
Picture

Based on estimated marginal means
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
*. The mean difference is significant at the .050 level.

Based on the trends, as shown by the mean score of how many questions the
students answered correctly on the sentence fill-in and definition word raakshatt
delayed recall (see Table 10.5), the results were the same as at itamesdil. Those in
the Image Creation- Picture group scored the highist 18.561), followed by the

participants in the Image Creation- No Picture intervenfids (17.961), those in the
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Picture Presentation interventidd £ 14.985), and finally the students in the Word Only

intervention W1 = 12.558).

Table 10.5

Delayed Recall Intervention Trends

Estimates
Dependent Variable:Delayed Recall Composite Score
95% Confidence Interval

Upper
Intervention Assigned Mean Std. Error  Lower Bound Bgt?nd
Word Only 12.558° 1.022 10.525 14.591
Picture Presentation 14.985° 0.991 13.014 16.957
Image Creation- No 17.961° 0.992 15.989 19.934
Picture
Image Creation- Picture 18.561° 0.956 16.661 20.461

a. Covariates appearing in the model are evaluated at the following values: PPVT
Age Equivalent (measured in months) = 135.57.

Summary. The results of the delayed recall composite outcome measures lend
support to Hypothesis 3. The students in the imagery interventions did better than those
without imagery, though the differences were not always significant. Aésthie depth of
processing increased, students answered more questions correctly. As eveae tivéh
the immediate recall measures, those in the Image Creation- Ritarkention scored
the highest, which suggests a possible additive effect of image presentatioesdiuh c
The differences between the intervention groups were not as extreméasmmediate

recall outcome measures, and did not reach significance in all instances.
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Repeated Measures Results

Instead of carrying out a repeated measures analysis in the traditiomal sens
repeated measures were accommodated by examining the differeneege shores
(delayed recall- immediate recall) and then using these change sctireatcome
variable in a one-way, between-subjects, analysis of covariance.

Table 11.1 displays the frequency distribution of students’ change scores. Those
with a negative score did worse over time and had lower scores on the compos#ée delay
outcome measures, compared to their composite immediate measures. Tiose wit
positive scores did better and improved from the administration of the immestiatie r
outcome measures to the delayed recall outcome measures. As can be lse¢alibg, t
some participants scored higher at delayed recall, and improved over timeasvher

others did worse.
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Table 11.1

Change in the Number of Words Recalled Between Test Administrations

CHANGE IN THE # OF WORDS RECALLED B/T TEST
ADMINISTRATIONS

Valid Cumulative
Frequency Percent Percent Percent
Valid -13.00 1 1.1 1.1 1.1
-9.00 2 2.2 2.2 34
-8.00 3 3.4 3.4 6.7
-6.00 2 2.2 2.2 9
-5.00 4 4.5 4.5 13.5
-4.00 9 10.1 10.1 23.6
-3.00 8 9 9 32.6
-2.00 7 7.9 7.9 40.4
-1.00 6 6.7 6.7 47.2
0.00 7 7.9 7.9 55.1
1.00 5 5.6 5.6 60.7
2.00 8 9 9 69.7
3.00 4 4.5 4.5 74.2
4.00 9 10.1 10.1 84.3
5.00 2 2.2 2.2 86.5
6.00 3 3.4 3.4 89.9
7.00 2 2.2 2.2 92.1
8.00 1 1.1 1.1 93.3
10.00 3 3.4 3.4 96.6
11.00 1 1.1 1.1 97.8
12.00 1 1.1 1.1 98.9
15.00 1 1.1 1.1 100
Total 89 100 100

Overall, there only appears to be a difference worth noting for the students in the
Image Creation- No Picture group (see Table 11.2). They scored on average 1.4545
points higher on the delayed composite outcome measures.

The overall mean of the change scores obtained from TableM222247)
shows that on average people did not remember any more at delayed recall tligh they
at immediate recall. This may have been due to the nature of the interventethsinc

words were only presented once. This intervention was rather benign, as a moee intens
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intervention would have been difficult to implement in an elementary classrabiouyi

first testing its utility and establishing its need.

Table 11.2

Change Score Trends

Descriptive Statistics

Dependent Variable:CHANGE IN THE # OF WORDS RECALLED B/T
TEST ADMINISTRATIONS

Std.

Intervention Assigned Mean Deviation N

Word Only 0.0952 6.3317 21
Picture Presentation -0.4091 4.43642 22
Image Creation- No 1.4545 4.49049 22
Picture

Image Creation- Picture -0.2083 5.03016 24
Total 0.2247 5.07613 89

Through a closer examination of the data, there was no statistically fighific
difference shown by the change scores (see Tables 11.3 and 11.4). Thus, there is no
evidence to suggest that any one group remembered more or less at dekdlyE(Brec

84) = .682p = .566.
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Table 11.3

Change Score Source Table

Tests of Between-Subjects Effects
Dependent Variable:CHANGE IN THE # OF WORDS RECALLED B/T TEST ADMINISTRATIONS

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 60.650° 4 15.163 0.577 0.68
Intercept 15.417 1 15.417 0.587 0.446
PPVTAge 13.685 1 13.685 0.521 0.472
Intervention 53.749 3 17.916 0.682 0.566
Error 2206.856 84 26.272
Total 2272 89
Corrected Total 2267.506 88

a. R Squared = .027 (Adjusted R Squared = -.020)

Table 11.4

Change Score Overall Results

Univariate Tests
Dependent Variable:CHANGE IN THE # OF WORDS RECALLED B/T TEST ADMINISTRATIONS

Sum of

Squares df Mean Square F Sig.
Contrast 53.749 3 17.916 0.682 0.566
Error 2206.856 84 26.272

The F tests the effect of Intervention Assigned. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

Summary. Based on the results of the difference in change scores from
immediate recall to delayed recall, there is no conclusive evidence to aetéirmi
students retained more vocabulary over time, or failed to retain the meaningdsf w

they had learned. No significant difference over time was found.
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Results from the Vocabulary Learning Evaluations

Hypothesis 4. Hypothesis 4 examined students’ perceptions of the interventions
they were exposed to. It was predicted that the answers they gave oertreniiin
evaluation forms and during the discussions would reflect the trends displayed by the
guantitative results.

An ANCOVA was carried out for questions 1 through 5 on the vocabulary
learning evaluation form, entering the intervention the student was assigagthe
factor and the PPVT age equivalent as the covariate.

Question 1. With regards to the first question dealing with the participants’
perceptions of their ability to learn the words, no significant differences stewn
between the students assigned to the different interveri&{@n84) = .224p = .880.
Students overall were slightly positive in that the mean was 2.18, which is higher th
answer choice 2, “somewhat agree.”

Question 2. In reference to the second question, which asked the participants
about their perceptions of their ability to remember the words, there were Haigni
differences between those assigned to the different intervention dgf(8)pd) = .166p
=.919. Students were slightly negative about this issue, as there was an csgraee
mean of 1.87. For this question an answer of 1 was equivalent to “slightly disagee” a
2 was equivalent to “slightly agree.”

Question 3. For question 3, which focused on the participants’ perceptions of
how useful the method they were exposed to was, again there was no stgtisticall

significant difference between those assigned to the different intemnsh{i3,84) =
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.486,p = .693. The overall mean was 2.04, so the participants somewhat agreed that the
interventions were useful for helping them learn the words.

Question 4. Question 4, which asked the students how fun the intervention they
were exposed to was, displayed no statistically significant difference®etive
participants assigned to the different grok(3,84) = .441p = .724. The overall mean
was 2.33, so again the students somewhat agreed that the interventions they were
assigned to were fun.

Question 5. In response to question 5, which asked the students whether or not
they had to use another method to help them remember the vocabulary words in addition
to, or besides the one they were exposed to, the number of students who said yes within
each intervention condition was not significantly different from one ané{{3¢84) =
1.741,p = .165. The overall mean was .16, which suggests that overwhelmingly students
did not use another method, because 0 = No and 1 = Yes. In fact, 84.3% of the students
reported that they did not use any other method besides the one provided.

Looking at the number of students who answered affirmatively in each group,
those in the Image Creation- Picture group had the largest percentage wifssiviae
answered yes, followed by Picture Presentation, then Word Only, and finalije Im
Creation- No Picture. This was surprising as Image Creation- Pigagdypothesized
to be the most effective method for assisting students in acquiring the new vocabula
words, and as such the students should only have used the method provided.

Question 6. Question 6 asked students to describe any methods they had used
beside the one provided to help them remember the words. Students gave a variety of

answers. No students in the Word Only condition answered this particular question. Four
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students in the Picture Presentation intervention answered question 6. Mabedescr
spending time working with the words, e.g., working with a partner such as a parent,
spending time writing the words down, and creating rhymes to help remembeartse w
One student in the Image Creation- No Picture intervention answered thi®g@esti
the strategy involved repeating the words. In the Image Creation- Piafeineention,
seven students answered this question. Their strategies ranged from usiotuthe pi
provided to guessing. However, being that pictures were provided in this particula
intervention, this strategy suggestion was not counted as a novel approach to learning
vocabulary. Only one student described a truly novel approach, which was ruling out
answer choices that did not work when filling out the outcome measures. See Appendix
N for students’ answers to question 6 on the vocabulary learning evaluation form.
Summary. Based on the results of the student evaluation forms, Hypothesis 4 was
not supported, as no statistically significant differences were demoddtedteeen the
students assigned to the different intervention groups. The answers on the evaluation
forms did not reflect the quantitative results, as the answers provided by thestnde
each of the four interventions were similar to one another. No clear trend could be
discerned.
Results of the Student Discussions
Figure 3 shows the discussion participants’ answers to the first six ggestion

according to the intervention to which they were assigned.



10
9 -
8 -
7 -
6 4
5 4
4 _
3 4
2 4
1 -
0 .
Like Vocabulary will Able to Recall Used Other Able to
Vocabulary Method Was Remember Intervention Methodsto Identify Other
Method Fun Vocabulary Components Learn Vocabulary
Vocabulary Learning
Methods

B Word Only @ Picture Presentation M Image Creation-No Picture M Image Creation- Picture

Figure 3. Participants’ answers to the discussion questions.
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Hypothesis 4.The first three questions of the student discussion also required

participants to discuss their perceptions of the interventions to which they had been

assigned. This provided additional data regarding whether or not the qualitstike re

were similar to the quantitative results, which was also explored by theeintien

evaluation forms.

Questions 1, 2, and 3. Table 12 shows the results of the first three questions,

which asked students to answer with a simple yes or no. Some students refused to answer

with a simple yes or no, even when asked, and as such their specific ans\watss are

included in the table below.



134

Table 12

Answersto First Three Discussion Questions

1. Did you like the vocabulary learning method we used?

Picture Presentation

Yes 10
Image Creation- Picture No 0

2. Did you think the vocabulary learning method was fun?

Picture Presentation

Yes 9

Image Creation- Picture No 1

3. Do you think you will remember these words?

Picture Presentation

(3]

Yes
Image Creation- Picture No
Maybe 2

w
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Specifically with regards to the first three questions, which asked for aityes
or no answer, some interesting trends were noted. Students in all four intervention
groups, across the classes, appeared to like the intervention method that they were
exposed to.

The second question asked the students if they felt that the intervention was fun.
While those in the Word Only, Picture Presentation, and Image CreationePictur
interventions reported that it was, those in the Image Creation- No Pictuxemien
were about evenly split. This is interesting because most students who de$eibed t
interventions noted that the drawing was the best part. Perhaps, since thesestrdents
not provided with an image before having to draw their own picture, they were more
mentally taxed than those who could simply copy or reference the picture and enjoy
themselves while drawing.

For the third question, which asked if students would remember the words, the
responses were more evenly mixed. Those who elaborated after their sis;ptenge
response often explained that there were too many words or the words were too hard t
remember. It is also interesting to note that for both the second and third question,
students were more hesitant to give a yes or no answer, which is why colghras s
“So/So” and “Maybe” were added.

Summary. No clear support for Hypothesis 4 was shown by the answers to the
first three questions of the student discussions. Students’ answers to question 1 were
similar across all intervention groups, as were those in question 3. For question 1,
students in all groups were positive about the learning method used, and in question 3

students across all intervention groups were mixed with regards to thiy tabil
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remember the vocabulary words. For question 2, which asked whether or not the
intervention was fun, the majority of the students who participated from the Imag
Creation- No Picture intervention had mixed feelings. Students in the three other
intervention groups were relatively positive in response to this question.

Hypothesis 5.Hypothesis 5 predicted that students would be able to identify the
steps of the intervention they were exposed to and why the intervention did or did not
help them learn the vocabulary. Qualitative analyses were carried oo fourpose of
examining the methods the students used when learning the vocabulary more closely and
to examine the students’ awareness of these components. These analysesed ss se
check for fidelity to the treatments. Appendix O contains the students’ answiees to t
discussion questions.

Question 4. From those placed in the Word Only condition, 9 out of 10 students
who participated in the small group discussions were able to recall the componbkats of t
intervention. In the Picture Presentation condition, all 10 students described thespictur
in the Image Creation- No Picture intervention, 6 out of 10 students discussed the
pictures they created; and finally all 10 students from the Image @re®icture
intervention discussed the pictures they drew; however, only 6 of them described being
presented with pictures before drawing.

In the Word Only group, 9 students mentioned that they were given a word and a
definition. While most mentioned the definition, two recalled that they were provided
with a sentence and one said that an example was given. The last student lead a littl
more trouble, only recalling that the group was given words and worksheettd.fill

Most of the intervention itself was not described.
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For the Picture Presentation group, all 10 students mentioned the pictures they
were presented with. One student, #18, even described some of the words she
remembered because of the pictures, such as benthos.

In the Image Creation- No Picture group, six students mentioned drawing gicture
or using crayons to draw. The two students from class 3 and two from class 5 did not
mention this. One in class 3 did not remember and the other said that there were a lot of
words. The two in class 5 mentioned the tests and worksheets that were givenhaguring t
outcome measure portion of the study. Overall this group had the most trouble answering
this question.

Finally, in the Image Creation- Picture intervention, all 10 students deddtib
process of drawing the pictures in addition to hearing the meanings of the words.
However, four of these students did not mention that they were first presented with
pictures by the researcher before being asked to draw them.

Question 5. This question asked if students used any methods, besides the ones
given to them during the intervention, to help them remember the words. In each of the
intervention groups, 8 out of the 10 students questioned did not report using any other
method than that to which they were assigned.

A variety of answers were provided by the two students in each group who
described using other methods. In the Word Only group, one student described making
pictures in his head and the other said that she studied the words in her head. In the
Picture Presentation intervention, the pictures reminded one student of thingspbdt hel
her to recall the words, and the other student just thought of the words in his head when

he took the outcome measures. In the Image Creation- No Picture intervention, one
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student looked for words within the words and the other closed her eyes to think of the
words during the tests. Finally, in the Image Creation- Picture interventiersaid that
he thought of similar words and the other noted that she relied on her memory.

Question 6. This question required students to identify other methods that could
facilitate their learning of vocabulary. In the Word Only intervention, 5 out of 10 stident
came up with new strategies. In the Picture Presentation intervention, 7 pieserde
ideas; 7 in the Image Creation- No Picture intervention gave suggestions; #gd®fina
offered suggestions in the Image Creation- Picture intervention. A stragegonly
counted if it was novel and did not involve a component of the intervention to which the
students had already been exposed.

In the Word Only condition, one student said that candy would help to facilitate
her learning. One student also mentioned the need for a picture of the word. This is
important, because it shows that students, this one in particular, felt that imagery
facilitates learning. Other strategies that were noted were havirgeanadividual test
the student, repeating the words over and over again, and cutting up the word into its
parts to help with memorization. This student may have been referring to idenéfyn
root words, prefixes, or suffixes, which provide the learner with clues aboutatsmge

In the Picture Presentation intervention condition, one student said she would
have liked to have been provided with the parts of flowers corresponding to the words
being instructed. This is an interesting idea, because it appeals to the visaal,dom
similar to imagery, and also adds in a tactile component. Another student mentianed tha
being tested on the meanings of the words on the day they were taught would have

helped. Other strategies mentioned were sounding out the words, studying theaefinit
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over time, writing the words down in a notebook, looking in a textbook, studying the base
of each word, and having someone say the definition and asking them to provide the
missing word.

In the Image Creation- No Picture Group, two students said that they needed
pictures of the words to help them. This is important, because they were not provided
with anything before being asked to create their own picture. Othegstsateentioned
were writing the words down, thinking of the first letter of the words, repgp#te words
over and over again, studying for a while, and making up a game.

In the Image Creation- Picture Group, students described the usefulnedsgf wri
the words in their books, using dictionaries, keeping index cards with the definitions,
practicing, and having someone else quiz them. They also wanted time to stwdydbe
and play games with them.

Question 7. Question 7 was only given to students in the Word Only and Image
Creation- No Picture groups since they were not provided with picturekeld ghe
students if they had trouble visualizing the meanings of the words. Seven out of 10
students in the Word Only condition had trouble visualizing the words, and 5 out of 10 in
the Image Creation- No Picture intervention reported having difficulty.

Summary. Based on the results of questions 4 through 7, students appeared to be
able to identify the components of the interventions, as well as other methodsultht w
facilitate their vocabulary learning. This somewhat supports Hypothesish8e vany
students were able to identify the components, not many articulated whytibelgar

intervention may have helped facilitate acquisition and recall.
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Overall Summary
The first three hypotheses were supported. Imagery facilitatesrigaas does
depth of processing at both immediate and delayed recall. While significaacetva
shown in between each and every individual intervention group, the trends followed the
predictions made. Not as many significant differences were found aedekgall.
Hypothesis 4 was not supported, as students’ perceptions of the interventions did
not reflect the quantitative results. Finally, Hypothesis 5 was somewhat s&gjothat
students were overall able to identify the components of the interventions, but not all

were completely clear on which specific components actually led to wordriga
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CHAPTER 5
Discussion

This chapter focuses on the interpretations of the results, and draws conclusions
related to the hypotheses formed. Limitations of the study are describeel] as ideas
for future research and the educational implications of the study.

Influence of Demographic Variables

Analyses of the data showed that none of the demographic variables were
significant predictors of the outcome measures at either immediate pedieézall. This
is important because it enables the potential of other confounding variablesitecbe
out. Therefore, any differences observed between the groups were due to the
interventions the students were assigned to and were not artifacts of gmyneornof
the participants’ demographics.

The only variable which appeared to present an issue at the outset was the number
of older siblings. This makes sense as research has shown that as fanmigreases,
students’ academic achievement decreases, as those with fewer shmwwdsgher
academic competence (Robinson, Weinberg, Redden, Ramey, & Ramey, 1998).
Therefore it is possible that students from larger families had lowerssoarthe
outcome measures. However, after taking the covariate and intervention dgsigne
account, the predictive value of this variable no longer achieved significance.

Initial Vocabulary Level of the Students

The PPVT-IV was a good measure of the children’s vocabulary knowledge and

was extremely useful for the purposes of this study. It was relativejpteadminister

and did not set the examinees up for extensive failure. The students wereeattentig



142

the task, as it engaged them and held their interest. This allowed for complete and
accurate data, as none of the students terminated the task prematurely.

The use of the PPVT may have had one unintentional influence on the results of
the study. The aim of the study was to examine the effect of imagery, bothtpdelsg
the researcher and created by the students, on their ability to learn vocalmubsy w
Students who otherwise may not have used images when memorizing the vocabulary
words may have been primed to do so after the PPVT was administered. Students such as
these, may not have considered the possibility of using pictures to facdaaténly, but
after seeing the ease with which words can be paired with images on the picage pla
may have done so. This would have confounded the results for the Word Only
intervention. Students who were instructed just to pay attention to the verbal gtiesent
of the words may have also created mental images to help them with the vocatsklary t
This confounding variable was slightly mitigated by the use of questions 5 and 6 on the
intervention evaluation forms and question 5 of the student discussion, which focused on
students’ use of other methods to help them memorize the vocabulary words. If students
used imagery, even when not instructed to, they should have reported this. However, only
one student mentioned creating pictures in his head on question 5 of the discussion.

One important observation, with regards to use of use of imagery, made during
the administration of the PPVT, was that students attempted to use previously store
mental pictures in recalling words or meanings from memory. In resporse pecture
plate “concave,” one girl said, “I just thought of a cave which looks like thisHas
motioned the shape of a cave] so | picked that one.” Another student said in response to

the word prompt “illuminating,” “I remember what that word is from the pictunmay
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Titanic book at home.” Even without prompting, students attempted to relate words to
their meanings through the use of imagery.

During the PPVT task many students asked questions about the meanings of the
words, which were not answered. Many students also wanted to check the accuracy of
their answers at the end and requested to receive a grade. The studerdkileaiethe
purpose of the PPVT was to identify vocabulary words they knew and those that they did
not know, and that the answers could not be checked at that time. They were all told that
they had done an exceptional job on the task.

An interesting observational trend, which was shown by the student responses to
the PPVT, was that the way in which many boys and girls handled the words they were
unsure of differed. The boys would often guess and quickly want to move on to the next
plate. The girls were much more hesitant to give an answer, would wait longeringcom
up with their final decision, and often said “I do not know.” This could be evidence of the
different ways in which males and females are reared within the commlarfyure
studies this should be systematically recorded and examined.

Another difference witnessed between students was whether or not thegdyues
or asked to skip to the next picture plate. Some students told the researcher thad they
guessed on several occasions. One student said, “I completely guessed on all of those.”
Other students, rather than guessing said “skip” or “pass.” Girls were nmarehikely to
respond in this way when they were not sure of the answer. This too could be
systematically recorded in future studies; however this was out of the scopewifrtére

research.
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Imagery

Hypotheses 1 and 3 focused on the use of imagery in facilitating the acquisition
and retention of science content vocabulary by fifth grade learners. It @disted that
those in the imagery interventions (Image Creation- Picture, Imaggddredo Picture,
and Picture Presentation) would score significantly higher on the outcomereseats
both time points, compared to the students in the Word Only intervention.

Based on the pairwise comparisons, the participants in the Word Only group
scored significantly lower than the students in all three intervention groups involving
imagery at immediate recall. The scores of this particular group wergarot e
comparable to students in any other intervention group. Therefore imagery is an
important component of vocabulary interventions.

Those in the Picture Presentation group scored significantly lower than those in
the Image Creation- Picture group, but the difference between the Fotsentation
students and those in the Image Creation- No Picture group was not significarg. This
interesting, because it suggests that the difference really ocevhregdthe components
of image presentation (being shown a picture) and image creation (having to draw a
picture) were combined. Those who just had to draw a picture, as in the Image E€reation
No Picture group, or those who were just shown a picture, as in the Picture Pesentat
group, did not differ from one another. Either approach is better than no imagery at all,
but neither, image presentation or creation, is better than the other.

When comparing the students assigned to the Image Creation- No Picture and
those assigned to the Image Creation- Picture groups, there were ticatgtis

significant differences. This suggests that having to create an image smand’is
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helpful in facilitating memory for vocabulary, and adding the extra presemtaitia
picture may not always be necessary, since the groups did not signifaiffietlyrom
one another. This may also be a result of the particular words chosen for thisnioer,
because the words that were selected were done so on the basis thatérenaerete
and easily facilitated the formation of images based on the sentences aragfini
Perhaps a difference between the groups would be demonstrated with moré abstrac
words which require the presentation of a picture to help clarify the meaningvetowe
constructing pictures of abstract or ambiguous words would present an additional
challenge.

Students appeared to be more anxious in taking the delayed outcome measures
compared to the immediate recall measures. Many were quick to exclaitmeghatould
no longer remember the words, however according to the results, they shikdetdnt.

Follow-up pairwise comparisons showed that those in the Word Only group were
statistically similar to those in the Picture Presentation group, butahffé&om both
image creation groups. This is an important finding, in that perhaps over time, depth of
processing is more important than imagery, as those who had to create a pictuire on the
own did significantly better two weeks later than those who did not. Those whose
intervention involved no imagery at all (Word Only) essentially did the same &s thos
who were presented with a picture (Picture Presentation). The students io the tw
imagery groups also scored statistically similar to one another.

The reactions of the students to the creation of the pictures were also very
interesting. Students in the Image Creation- No Picture intervention irbolese very

vocal about wanting to hold on to their pictures over night. When the study resumed the
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day after the interventions, one student said, “l wasn't trying to remembefttieem
words]. | was just drawing the pictures. | only remember my pictures.” Tidsrst was
particularly frustrated since he was not able to take the pictures with hirip tioitme
remember the words. A female from that same group said “I know this! hmbere
drawing this!” It appeared as if the students had mixed reactions to not beinggzeta
retain their pictures. However, it is interesting to note that they wdlraware of
imagery as a strategy for facilitating learning and recall. Tee vocal about its use in
helping them retain the meanings of the words.

Overall, after examining the results of the immediate and delayed recahoait
measures, Hypotheses 1 and 3 were supported. Imagery was shown to facémag sci
vocabulary learning. However, it is important to note that while some of thesaffiegt
be attributed to the dual coding theory, the benefits withessed may also be explained by
depth of processing.

Depth of Processing

Hypotheses 2 and 3 related to depth of processing and its potential effects in
facilitating the acquisition and retention of the science content wordss It wa
hypothesized that the Image Creation- Picture intervention would help the student
acquire and retain the novel vocabulary words the best. This may possibly be a
developmental issue. Image Creation- Picture, when compared to the IneagerGmMNo
Picture intervention, helps to clarify the meanings of the vocabulary worsisjdesnts
are presented with the images first. For Image Creation- No Pictureydaaisimust

focus on understanding and learning the definition, as well as creating a plawiogdra
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a picture of the word. This may be easier for older students, but such an active and
cognitively difficult strategy may not be productive for the younger students.

With older children, such as secondary education students, the Image Creation-
No Picture method may prove to be even more beneficial because it enables tits stude
to process the word at a deep level. The student is not only creating a mengaliatag
also putting it on paper, thereby making it more salient in memory and more personally
meaningful. This approach may not be as difficult for them as for early elepnentar
students.

The results demonstrated that there was a significant differenceonttteane
scores at immediate recall between students placed in different intenvgrdups. Upon
closer inspection of the means, the trends follow the prediction made in Hypothesis 2
regarding depth of processing and the possible benefits of including both imagery
presentation and creation components in the Image Creation- Picture intervembiea. T
in the Image Creation- Picture intervention did the best, followed by thoselmadle
Creation- No Picture group, followed by Picture Presentation, and finaihd \Wnly.

The high outcome measure scores of those placed in the Image Creation- Picture
intervention suggest that the added presentation of the picture helped students learn the
words as the image was potentially able to clarify the meaning for theipeants.

The order of the outcome scores of students placed in different interventions
follow the results found in the aforementioned Gambrell and Jawitz (1993) study. In their
experiment, children told to form images while exposed to a story with illustrations
outperformed those who formed images and read an unillustrated version of the story

These students scored higher than those who read an illustrated version of the story, but
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were not told to create images, and were finally followed by the students in tha cont
group. These results demonstrate the benefits of both creating and preseadgery ]
and the advantage of having to mentally create images over viewing them.

The results of the present also show that the relationship between the covariate
and intervention was positive, which means that those with a higher PPVT score, or
initial receptive vocabulary, did better on the interventions. However, whea initi
vocabulary level and its influence were removed from the model, the differetaesbe
the interventions were still significant. Those who knew more vocabulary to Wwébi
did better on the outcome measures, but this did not lead to the differences observed in
the outcome measures. The significant differences between students on the outcome
measures were a result of the intervention to which they were assigned.

As demonstrated by the pairwise comparison results discussed in the previous
section, significant differences were not found between each and everyntitarye
however this should not be discouraging. Fifteen words were taught to the stndeTés i
sitting. Perhaps a larger number of words, spaced out, with multiple exposuaeh tf e
them would have led to more significant results. However, this would have required the
help of several research assistants, and placed undue demands on the teachers and
students in these particularly busy classrooms.

Differences between the interventions were once again significantgedel
recall, measured two weeks later. This is important because it shows thaneve
exposure to the words was sufficient to help a student remember vocabulary ovEr time.
students learned the words and quickly forgot them, the intervention would not be useful,

as it only allowed for quick surface learning, rather than deep encoding. Thizatate
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students displayed differences two weeks later suggests that the medutinege/ords
must have made their way into long-term memory. The relationship between the
covariate and intervention was again significant, demonstrating that titbse mgher
initial vocabulary level did better on the delayed recall interventions.

The mean scores on the delayed composite measures once again demonstrated
that those in the Image Creation- Picture intervention score the highestgfblbyw
Image Creation- No Picture, Picture Presentation, and Word Only.

As mentioned in the imagery section, follow-up pairwise comparisons revealed
that those in the Word Only group were not statistically different from thtoskents
placed in the Picture Presentation group. However the Word Only studentsngelfor
significantly lower on the delayed outcome measures than those in both imams creat
groups. This suggests that depth of processing may be more essential in helpirtg stude
retain their vocabulary knowledge over time, as those who had to create a pmtede sc
higher two weeks later.

The Picture Presentation group scored significantly lower than the tworynage
groups. The Image Creation- No Picture group and Image Creation- Rjciugewere
not statistically different from one another in terms of their delayed cotagueres.
Again, this supports the idea that depth of processing may matter more than iovagery
time.

Overall Hypotheses 2 and 3 were supported as the deeper the students processed
the information, the better they learned the words. The outcome score means at
immediate and delayed recall followed the anticipated results; howeatestically

significant differences were not witnessed between all of the groupsfiSgédterences
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between the groups were not predicted in Hypothesis 3 regarding delayed recadlebeca
it was anticipated that over time the differences between the groups wouidred.bin
fact, it appears that those whose depth of processing was greater, eegn thesmage
creation interventions, were significantly different from those in theiRi®resentation
and Word Only interventions. This finding suggests that depth of processing is what is
responsible for maintaining the meanings of the words over time. It is importaadizer
that there were many limitations to this study, so a definitive conclusiordnegdainis
issue cannot be drawn at this point.
Immediate and Delayed Recall Time Points

As shown by the change scores between the composite delayed recall outcome
measures and those taken at immediate recall, there was no significaahdédfe
between the two time points. While some students improved over time, as shown by
higher outcome measure scores, others did worse. The overall differeneesrbite
time points were negligible.

The absence of differences in recall over time can be both positive and negative
On the one hand, it is good that students did not show large decreases in scores, which
would have demonstrated that they were not able to retain the vocabulary knowledge. On
the other hand, it would be great if students did better over time, demonstrating a real
mastery of the words and ability to identify their meanings on outcome mgalare
demonstrated by the aforementioned Upadhyay and DeFranco (2008) study, vocabulary
gains can be maintained best over time when the information is linked to prior

knowledge. If students in all three imagery groups demonstrated significast ijai
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would mean that the use of pictures or act of creating pictures helps to tieahiegseof
vocabulary words to prior experiences and information.

It is important to remember that this intervention was extremely benigme as t
words were only presented once and in a relatively short period of time. It pastive
that there was no disruption of the flow of the classroom to maintain a relationghip wit
the schools. Perhaps with evidence garnered in support of these interventions, schools
will allow much more elaborate trials to take place to demonstrate the otithye
interventions with multiple exposures to the words.

Students’ Perceptions of the Interventions

Vocabulary learning evaluations. While the vocabulary learning evaluations
brought in a qualitative piece to the study, the first five questions were quegitjtat
analyzed. Analyses of covariance were used for the first five questidmssefforms.

Regarding the first four questions, it was interesting that no differeveres
found between the intervention groups in terms of their perceptions of their &bility
learn the words, remember the words, the utility of the interventions, and how yun the
perceived them to be. In addition, no differences were found between the students
exposed to the different interventions in terms of how many used another method to help
them remember the words as asked by question 5.

However, this is not all that surprising. The intervention evaluation form was
given to the students two weeks after the initial instruction of the vocabulary.words
Perhaps too much time passed in order for the students to accurately remembeyhow the
learned the words and the specifics of the interventions to which they were exposed

Some students had trouble describing the exact components of the intervention and why
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they did or did not work, which will be described in the review of the students’
discussions.

It is interesting that the 12 students who answered question 6 of the intervention
evaluation form, which asked them to list any other methods they used to help them lear
the vocabulary, were from one of the three interventions which involved imagery. No
students from the Word Only intervention chose to answer this question. The students in
the Word Only intervention may not have been aware of other possible stratagges t
when learning and remembering words since their instruction was refativel
straightforward and did not involve much creativity.

One common trend, which appeared mostly across the Picture Presentation
intervention, was the use of mental effort. Students basically describassts which
involved working with the words by repeating them or writing them down. Perhaps these
memory techniques are those most frequently taught in school for the purpose of
vocabulary learning or these are the ones which have worked best for thesegparticul
students in the past.

It is also interesting that of the seven students who answered this question from
the Image Creation- Picture intervention, only one discussed a truly novedjginahich
was checking to see which word made sense. The other six students either described
using images, which was provided to them in this intervention, or just guessing. Perhaps
the students found the presentation and creation of the images so helpful thantieey wa
to stress how much this strategy aided their vocabulary acquisition and retention.

Hypothesis 4 was not supported by the results of the evaluation forms. The

students’ answers did not reflect those shown by the quantitative results. Perhaps if
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students were given more time and open-ended questions, they could have been more
explicit as to their perceptions of the interventions and expressed theiam®ads
vocabulary learning more clearly.

Student discussionsStudents were eager to discuss the interventions they were
exposed to. They were told to give their honest opinions about the exercise and that no
matter what they said, they would not offend the researcher. It was edpiaitheem that
their feedback would be used as a way to understand how they learn vocabulary and what
methods they prefer.

Most of the students in the imagery interventions: Picture Presentation, Image
Creation- No Picture, or Image Creation- Picture reported that the intiemnewere
helpful in aiding them with the memorization of the vocabulary words. They explained
that being able to visually see the words helped them remember the meanings.

The first three questions of the discussions asked students if they liked the
interventions they were exposed to, thought they were fun, and would remember the
words. Being that these questions focused on the students’ perceptions of the
interventions they were exposed to, the data obtained were used to examine Hypothesis 4.
No support was shown for this hypothesis. The results were inconclusive and asisuch di
not replicate the quantitative results. This is not all that surprising, twslents’
operational definitions of liking the intervention, how fun the intervention was, and
ability to remember words may have all differed. It is very difficult to getyone to
interpret the questions in the same way. Also, with limited choices provided, student
were expected to select from one of four choices in representing theigtedterhaps

open-ended questions would have been more useful.



154

The last four questions of the student discussions were open ended and were used
to provide qualitative data to examine Hypothesis 5, regarding the studentshassof
the components of the interventions. The results lend some support to this hypothesis in
that students were able to identify the components of the interventions to whietetieey
exposed. However, the students did not clearly state why the components did or did not
work for them in terms of helping remember the vocabulary words. Cleares nesyl
have surfaced if students were provided with prompts to discuss certain aspleets
interventions and their utility or lack thereof.

For question 4, which asked the students what methods the researcher provided
them with when the words were being instructed, most students were able fiy ttlenti
components of the intervention. It appeared to be the most complicated for the students
from the Image Creation- No Picture intervention to recall what they evgresed to.

This was surprising since they were given boxes of crayons and were allowad to dr
pictures. However, as shown by the answers to the third question, many of thesstudent
this particular intervention did not find it fun. Overall, this group had the most trouble
answering this question.

For question 5, which asked students about any other methods they used to help
them learn the vocabulary, most of the students were quick to report that they just used
those provided by the researcher. Eight students across the interventiongedlahora
and described other methods. It is interesting that from all four intervengians of 8
students who described using a method other than the one provided were females.

In the Word Only intervention, the strategies described were creatinggsich

one’s head and studying. This is interesting, because it demonstratdéddbatssin the
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Word Only intervention may still have used imagery. While only one reported it, others
may have used it and just not been aware of, or reported it. This can potentially confound
the results of the study.

Question 6 dealt with the methods the students felt they could use to help them
remember vocabulary words. Only suggestions that were not a part of the original
interventions were counted. For example, some students in the imagery interventions
mentioned using pictures and one student mentioned that having a sentence would
facilitate learning. Since these were already included in theicphatiinterventions,
they were not noted as new examples of useful techniques.

The importance of imagery was demonstrated by several of the students’
responses. One girl in the Word Only condition said that a picture would help her.
Another student in the Picture Presentation said that providing students with the parts of
flower corresponding to the words being instructed would make the task easier. Both of
these answers underline the importance of a visual component in facilitatimgdea

Many mentioned that seeing the words more than once would have helped. This is
important as it demonstrates the need for multiple exposures to new vocabuldsyfavor
learning to occur. Students may have learned and retained more wordsnttieey
exposed to them more than once.

The answers to question 7, which asked students if they had trouble visualizing
the words, were particularly enlightening. A majority of the students in the tw
interventions that were not provided with pictures, Word Only and Image @rehlb
Picture, had trouble creating mental images. This highlights the impod&magery

for word learning.
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Many of the students who said that they did not have difficulty said they thought
of the words in their heads, which made it easier. This demonstrates that those who did
not find the task as difficult created mental images on their own, even if theyotere
necessarily instructed to, as in the Word Only condition.

Student Engagement

During the intervention phase of the study, most of the students were very
engaged. They listened to the sentences and definitions; and those in the imamye creat
interventions used the time allotted to draw their pictures. See Appendix P fdesarh
the student pictures drawn.

It is interesting to note how eager the students were to learn the words. When
holding up some of the vocabulary words, such as “corolla,” students shouted out that
they knew the definition. One said, “I know- it's a type of car.” He was told that e wa
very bright, but this was not the type of corolla we would be discussing. Most of the
students also made the hand motion of a gun when they heard the word “pistil.” They
appeared happy to participate and excited to find out the meanings of the novel
vocabulary words.

Overall Discussion

For a visual display of all of the hypotheses and the support they received from
this study see Table 13 (p. 158). The first three hypotheses regarding thenuagen¥i
and deep levels of processing to facilitate the acquisition and retention of novel
vocabulary words were supported. Significant differences between the intenganti
terms of word learning at immediate and delayed recall were shown vEQ\leere

were not as many significant differences between each of the interveatti@isntion,
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compared to those at the acquisition time point. Instead, at delayed recallyisgust a
major difference between the imagery creation interventions (Imagaddreicture
and Image Creation- No Picture) and the Word Only and Picture Presentation groups

In this study, the mean scores on the outcome measures demonstrated that those in
the Image Creation- Picture group scored the highest, followed by tige Graation-

No Picture group, Picture Presentation group, and finally the Word Only Group at both
immediate and delayed recall. Interestingly, in the mini pilot study wireteded this
research, this was not the case. Those in the Image Creation- Pictureamaag
significantly higher than those in the Image Creation- No Picture gradgha mean

score of those in the Image Creation- Picture group participants was thst highaved

by the Picture Presentation group, and finally the Image Creation- Noe_gctwrp.
Therefore, the order of the Image Creation- No Picture and Picture Rtesment
interventions was reversed. The Word Only intervention was not included in the mini
pilot.

The reason for this discrepancy may be twofold. The focus of the mini pilot was
to refine the interventions and to be certain that they were appropriatéftorggade
sample. Therefore, it did not necessarily matter to such a great exhens#mple was
representative of the larger population and only consisted of 18 students. The students
included in the pilot study were from a private Jewish day school, and were competent
speakers of both Hebrew and English. The classroom management in this sample was
also lacking to an extent. Most of the students were acting out during the ititersen
and their attention was never fully on the researcher. Since they were mat asiglose

attention to the interventions and the methods employed, compared with the students
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used for this larger study, they may have relied more heavily on the visual prompt
provided in the Image Creation- Picture and Picture Presentation interve Aliems

since they spoke two languages and were taught vocabulary twice during the school day,
they were more accustomed to being presented with isolated words and theas pantdr

as such may have been more comfortable with the interventions in which the pictures
were provided. These students may also have just been interested in learnioglthe w

and not necessarily grasping the meaning at a deeper level. Most of the tasks in the
classrooms involved writing the words three times each, which does not require a deep
understanding of the meaning of the word.

In the sample for this larger study, management and order were priorities in a
five classrooms. As such, the students were more focused on the tasks and learning the
meanings of the words. They may have benefitted more from the image creation
interventions since they were able to really think about the words and procesd them
deeper level in distraction free environments.

Hypothesis 4 regarding the students’ perceptions of the interventions was not
supported as no significant differences were shown between the intervention groups.
Thus, the results of the intervention evaluation forms did not reflect the gtieatita
results obtained from the outcome measures.

Hypothesis 5 was partially supported as students were able to describe the
components of the interventions, but were not explicit as to why they may or may not
have facilitated word learning.

Overall, this study did lend support to both the dual coding and depth of

processing theories. Imagery and a deep understanding of the meanings ofeverds w
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shown to lead to vocabulary learning. This study provided a way to connect abstract

psychological concepts with actual classroom practice. These theongesrdre

examining further so as to devise more effective interventions to impleméet in t

classroom.

Table 13

Support for the Sudy Hypotheses

Hypothesis

Supported/ Not Supported

Hypothesis 1

Imagery would facilitate the
acquisition of the science vocabulary
words.

Hypothesis 2

The deeper the words were
processed, the better the students’
performance would be on the
outcome measures at immediate
recall. The Image Creation- Picture

Supported

Those in the imagery groups (Image
Creation- Picture, Image Creation- No
Picture, and Picture Presentation)
scored higher than those in the Word
Only intervention group at immediate
recall.

Partially Supported
Image Creation- Picture > Image

Creation- No Picture > Picture
Presentation > Word Only

students would score the highest, as a

benefit would be conferred due the
inclusion of a picture along with the
deep level of processing required in
this intervention.
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Hypothesis 3 Supported

Imagery and depth of processing, as Those in the imagery groups (Image

described in the previous two Creation- Picture, Image Creation- No

hypotheses, would facilitate the Picture, and Picture Presentation)

retention of the science vocabulary  scored higher than those in the Word

words. Only intervention group at delayed
recall.

Hypothesis 4 Not Supported

Students’ perceptions of the There were no significant differences

interventions, as measured by the shown between students in the different

intervention evaluation forms and intervention groups.

student discussions, would mirror
the quantitative results.

Hypothesis 5 Partially Supported

Students would be able to describe  While students were able to describe

the components of the interventions the components of the interventions

they were exposed to and why they during the student discussions, they

did or did not work. were not explicit as to why the method
they were exposed to worked or did not
work in terms of facilitating the
acquisition and retention of the science
words.

Limitations

While great care was taken to reduce as many confounding variablesibeposs
there were limitations to this study. While these limitations may not héeeted the
results in any major way they are important to discuss.

The overwhelming majority of students in these five classrooms were Caucasi

Being that there was not much ethnic diversity, the differences betweehnieties in
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terms of the scores on their outcome measures could not be examined. This limits the
generalizability of the results.

Absenteeism was another limitation of this study. For the vocabularytptbtes
selection criterion for the target words was made stricter to account Emtiker
sample. Words selected were unfamiliar to 80% or more of the sample who took the
pretest, even though this sample did not reflect the entire group of students who
participated in the study.

No students were absent during the intervention phase of the study. However,
there were instances of missing data at both the immediate and delayetinnegadlints.
Four students missed the immediate recall outcome measures and an addigoanaidi
not present for the delayed outcome measures. In terms of the students who &rdre abs
for the outcome measures, nothing could have been done to correct for this, which
resulted in missing data. If the outcome measures were given to the studentseurpon t
return, they would have had a greater length of time in between vocabulangtinst
and testing than the other students. If the missing students were presdmtibe wiords
again and then tested, the additional instruction might have influenced the results.
Students who did not take immediate outcome measures were not given delayed outcome
measures, as they had gone a longer period of time without being testedetbtafihe
other students who were present at all study time points.

Taking the average of the students present for the particular intervantidhe
class the absent students were assigned to, was a reasonable wayettheandising
data. This single imputation approach utilized the data that was avaddilentany

holes. The scores of the students who were present in each group where there was a
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missing data point were relatively close to one another, so it is likelyh#habsent
student would have had a similar score if present.

Gender also may have influenced the results of the study. While differences
between males and females were not shown on the outcome measures, differences
between those who agreed to participate and those who declined were observed. All
seven students who declined to participate from both schools were boys. At the school in
Rockville Centre a boy in class 2 said “Research is boring,” which prompted hs tivie
decline to participate as well. The male students in the three Long Basséscthat
declined to participate were not sitting near one another and appeared to make the
decision not to partake in the study on their own. The reason why they declined to
participate is not known. So as not to appear coercive, the only question that they were
asked was if they wanted to be a part of the study.

This difference may be worth exploring further. Perhaps females enjoy
participating in research activities more or are more interesteccabutary learning.
While in one class it appeared to be a result of peer pressure from one particularl
dominant boy, the reason that the other five boys from different classes chase not t
participate is not known. The reason why males were hesitant to take part udthe st
before even giving it a chance should be questioned.

The timing in which the PPVT-IV was administered was another limitatidimeof
study. It was intended to be administered prior to the intervention phase of theastudy
measures initial vocabulary knowledge. However, ten students wereexkgebetween
the immediate and delayed recall measures. Being that the teacherstvanelgxbusy,

the research had to be carried out, taking their schedules into consideration. This should
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not present a huge problem, as the PPVT was still used to assess the children in the
beginning of the school year. Also, none of the words that were instructed during the
intervention phase appeared on the PPVT, preventing any practice effetdgional
reinforcement of the science vocabulary.

Another limitation was the individual differences of the participants, which
included their prior knowledge and abilities. In terms of prior knowledge, vocabulary
words which centered on content familiar to certain participants may have begn m
easily remembered by them. Also, Paul (1989) has found that children acquia¢ a gre
deal of their knowledge from direct experiences. Some children may have had many
experiences and learned numerous words, whereas others may not have had the same
opportunities or learned the labels for their experiences. The administratiorRét\iffe
IV was able to counter this limitation to an extent by ascertaining theelefthe
participant’s prior vocabulary knowledge. The use of words which 80% or more of the
students were unfamiliar with, also removed some of influence of individual di¢fese
as it was less likely that the students had experienced the words beforelulaldivi
differences exert confounding effects on many vocabulary and imagingsstudi

As was evidenced by the Anderson and Kulhavy study (1972), it is difficult to
assume that the children were not forming images on their own, even if they were not
explicitly told to do so. In the aforementioned study, analysis of a post-expaiment
guestionnaire demonstrated that a majority of those in the control group consisting of
high school seniors reported forming images during reading. Perhaps in the ¢udgnt s
students used strategies to memorize the vocabulary words besides those wehich we

presented to them in their intervention condition. This was shown in the qualitative
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assessment used after testing, as some students described other dinategsesl to
help them remember the vocabulary words. Even though students were told to use the
interventions provided, this cannot be entirely prevented or controlled.

For students assigned to the Image Creation- No Picture and Image Creation
Picture interventions, one issue which arose during the administration of thertitans
was “cheating.” As in the pilot, there were some issues with students copyang’ ot
work. Many would comment on the drawings of their neighbor, and in some cases alter
their own pictures. The students were instructed to spread out, giving them enacgh sp
to prevent this; however it did not always work. Students were told that they wer
represented by a number, their work could not be traced back to them, and that it did not
matter how many answers they got right or how accurate their drawingsvner
researcher stressed the importance of focusing on their own work to the sarttetiiey
were told to do their best in illustrating the definitions they heard. This stopped the
students from looking at others in mostly all of the cases. However, tihasmay have
altered their mental images and changed their pictures in response to thépiperes
were influenced.

Finally, the results of this study may not apply to vocabulary words from all
disciplines and content areas. Requiring students to create their own images b®ay not
possible in all situations. As per the dual coding theory, visual imagery may rioasvor
effectively for abstract words. The concreteness of the vocabulary on whieh one
instructed plays a major role in the ability of students to create imagety &ain it.
Further research must be done to determine when dual coding is valuable as an

intervention, and when it is not.
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Future Research

Future research should aim to determine how the interventions used in this study
would differentially affect students of different ethnicities. The majafitthis sample
was Caucasian and as such differences could not be examined.

Being that the image creation interventions were shown to be the most effiéctive
would be interesting to find out if there was a possible motivational component to this
finding, such as intrinsic interest. Perhaps just by drawing the picture)tstwie
more inherently interested in the task, and as such learned the words moneegffect
However, as shown by the students’ discussions, more than half of those who were
guestioned in the Image Creation- No Picture intervention described it asmgpalfan
task. It would be interesting to give the students a motivation scale gelatine
interventions.

It would also be beneficial to separate results in terms of the quality andtyguanti
of memory to see how effective the interventions actually are. For examglg; guhe
thoroughness with which information is remembered, such as how detailed theodfinit
are upon recall. The quantity of memory focuses on how much is remembered, or how
many definitions can be recalled, despite their total accuracy. Whildubisexamined
guantity, it did not look at quality. Perhaps measures in which students are instructed to
write the definitions from memory should be incorporated into future researcle Thes
definitions could then be studied in terms of the level of understanding and specificity
they convey.

The optimal number of exposures to the words which would enable the students

to learn their meanings within each intervention would also be interesting to iatestig
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Perhaps the interventions which employ a deeper level of processing would need few
instructional periods in order for students to reach the ceiling on both outcomeeseasur

It would also be worthwhile to investigate ways in which instructors can teach
fifth grade students to create images on their own. For example, what typesadsnet
would help students learn to create imagery? Would simple instruction to picttegtthe
be helpful, as per the Image Creation- No Picture intervention? This may @mesent
problem for early elementary school students, and for students who are completely
unfamiliar with the meaning of the term they are trying to representno#he
presentation of a picture before the creation necessary, as in the ImagenCReeture
intervention. Could technology be used to accompany the teacher’s instructions and
facilitate imagery creation? Also, how can an educator effectitegssthe importance
of imagery strategies?

The composition of the images used should also be investigated. For example,
does the amount of detail present in the picture alter its effectivenesditatfagirecall
and comprehension? If so, what attributes of the picture should be emphasized?

One interesting observation noted in response to the questions posed above is that
it may not even matter what the students draw, but rather just that they draw sgmethi
For example, one girl said that she thought she did well when she handed in her delayed
outcome measure because she remembered blue for benthos. “Blue” was not part of the
definition or sentence, but rather the focus of her drawing which she desaidédig
blue blob.” She heard the definition and associated it with the color blue, which helped
her two weeks later on the outcome measure. Perhaps students just need to latch on to

any one portion of the definition or sentence to facilitate memory for meaning. The
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component of the definitions and sentences that students focus on most often is important
to explore.

Research should also aim to assess the image evoking ability of various types of
words and texts. This would enable curriculum designers to implement interventions in
content areas in which little to no imagery is evoked by the reading msterial
Educational Implications

If a person has a large vocabulary, it typically indicates that he/she islya high
educated individual. A large vocabulary base facilitates education in that @nglgtr
related to school achievement (Beck, McKeown, & Kucan, 2002). Explicit instruction is
needed to increase and improve vocabulary knowledge and comprehension of novel
content material.

Furthermore, for educators to prevent or reduce achievement gaps, they must
place children on to the right trajectory of vocabulary growth and reading development
early on. Less able readers and students with poor vocabulary tend to read books with
simpler levels of vocabulary and are exposed to fewer words, further pemgthati
vicious cycle. The interaction between low levels of vocabulary knowledge and
instructional constraints explains why vocabulary measured at grade two ipeeoli
vocabulary levels and reading performance beyond the primary years (8ig&@D3).
Instruction in vocabulary, in terms of the interventions described by this studyrjyaas
preschool would be extremely beneficial.

Even though significant differences were not witnessed between every single
intervention on the pairwise comparisons, this study has important implications. Student

were instructed on only 15 vocabulary words and were tested both the day after
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instruction and two weeks later. As research has shown, perhaps multiple exposures to
the vocabulary would have led to even more significance.

This study also has implications regarding the way to organize instruction,
specifically in terms of the presentation of vocabulary in the science corgant/éth
an understanding of how students best learn new vocabulary, we can develop ways to
enhance comprehension. We can also design interventions to target those with learning
disabilities or English Language Learners. By providing students withtigéec
interventions early on, we are putting them on the path to be skilled lifelong readers.

By devising interventions which prove to be educationally valuable, teachers will
be able to enhance students’ vocabulary learning, as well as help their stedentdize
this knowledge to improvement in overall comprehension. There is also hope that by
making students more aware of the Picture Presentation and image creaitnuies,
and their benefits for learning, they can take this knowledge, and when exposed to new
vocabulary, will use these strategies on their own.

Finally, the interventions in this study can be implemented in a variety of content
area classrooms and serve to connect literacy with different disciphgagseviously
mentioned, by integrating literacy within the specific disciplines heacreduce the
problem of time constraints during the school year and strengthen learning in both
subjects. By infusing literacy into content area curricula, students vatbwve in their
overall ability to understand and communicate their content specific knowledge. Students
will be able to efficiently learn the words needed for basic understanding, rspepdine

pace with which they move from easy concepts to more complex ideas.
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Concluding Remarks

It is imperative for young students to be capable of learning vocabulary and to
comprehend the material they read, especially in content areas sucmes. &g that
so much is taught in the classroom and students are presented with a great deal of novel
vocabulary terms, those who are left behind in the beginning will only strugglecto cat
up and suffer greater setbacks throughout their education. By incorporating aogabul
instruction and literacy in the content areas, we are teaching literasg doe
curriculum, and improving both vocabulary and science skKills.

Many limitations confounded the results. However, extraneous variables, even
with all of the precautions taken, are likely to arise using a fifth grade sample unde
specific time constraints. Even with these outside influences, the studentsaeport
learning a great deal and seemed to enjoy the exercises and sttamgigsre taught.
The end result was also clear: imagery-based strategies influentellogdearning in
the science content domain. The participants progressed from not recognizirmgdbe
to being able to supply them on an outcome measure. The students will hopefully
remember the interventions they underwent and will be able to apply the techniegies us
in their own academic endeavors.

Overall, this study has shed light on the learning processes of elemetiaoy s
students, as well as ways to instruct vocabulary in the classroom. Regafdidsch
type of intervention is implemented, teachers must remember to stress thenopof
vocabulary learning and comprehension strategies early on and incorporate them in
content area learning. This will serve both to further assist those who are adtling w

continuing to learn, and to bridge the achievement gap between students.
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Appendix A
School Permission Form

School Permission Form

Permission for School Participation in Science Voca bulary Research

Date

My name is Marisa Cohen and | am a student in the Educational Psychology
Ph.D. Program at The Graduate Center of the City University of New York
(CUNY). I am conducting a project dealing with science vocabulary learning for
my dissertation entitled “Improving the Acquisition and Retention of Science
Material by Fifth Grade Students Through the use of Imagery Interventions.” | am
working under the guidance and expertise of my advisor, Dr. Helen Johnson, a
professor in the Educational Psychology department. | will be recruiting fifth
grade students from various schools and would like permission to contact
students and their parents.

The purpose of the study is to identify fun and effective ways for children to learn
new vocabulary and concepts in the science domain. | will be presenting
students with biology vocabulary. Using a topic that is typically instructed in
middle school will ensure that most students do not yet know the vocabulary and
will allow for a clear test of the interventions’ effectiveness. This will also help
prepare them for important concepts they will be learning in the future. The
lessons will be presented in an enjoyable and interactive way to sustain the
students’ interest and make their learning experience positive.

| will be pretesting the students to identify their vocabulary ability, teaching them
new words, and assessing their ability to recall the definitions. These tasks will
take place over a total of eight sessions, each lasting no more than 30 minutes.
Some students may be asked to spend an additional 15 minutes in a small group
discussion to describe what they enjoyed about the experience during my last
visitation. If a child chooses not to participate, he/she will simply continue with the
regular classroom activity. At the completion of the study, each student will be
given a token of appreciation.

All data will be confidential and participation by the students is completely
voluntary. The risks from participating in this study are no more than encountered
in everyday life. The benefits of the students’ participation are that they will learn
new words and interesting science material. They will also provide valuable
information about the way children learn in school.
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The Institutional Review Board of The Graduate Center of the City University of
New York (CUNY) has approved this study. If you have questions about parent
and participants’ rights, you can contact Kay Powell, IRB Administrator, The
Graduate Center/City University of New York, (212) 817-7525,
kpowell@gc.cuny.edu. You can also contact me about the study or to request a
research summary at (917)748-8164, mcohenl@gc.cuny.edu. You can also
contact my advisor Professor Helen Johnson at (212)817-8298,
hjohnson@gc.cuny.edu.

Thank you very much for considering my study. | hope that the information
garnered from this research can be used to complement the wonderful work that
you are already doing to provide your students with quality learning experiences.

Sincerely,

Marisa Cohen

Doctoral Student
Educational Psychology
CUNY Graduate Center

Permission for School Participation in Science Voca bulary Research
Permission Statement: | have read and understood the information

described above. | allow my school to participate in the vocabulary
research.

School

Please print your name

Signature: Date:

Researcher Signature: Date:




172

Appendix B
Parental/Guardian Permission Form

Parental/Guardian Permission Form

Permission to Participate in Science Vocabulary Res  earch

Date

My name is Marisa Cohen and | am a student in the Educational Psychology
Ph.D. Program at The Graduate Center of the City University of New York
(CUNY). I am conducting a project dealing with science vocabulary learning. | am
working under the guidance and expertise of my advisor, Dr. Helen Johnson, a
professor in the Educational Psychology department.

| am asking you for permission for your child to participate in this vocabulary
research study. The purpose of the study is to help identify fun and effective
ways for children to learn new science vocabulary. The risks from participating in
this study are no more than encountered in everyday life. The benefits of your
child’s participation are that he/she will learn new words and interesting science
material. He/she will also provide valuable information about the way children
learn in school.

Approximately 90 students will be involved with the study. | will be pretesting the
students to identify their vocabulary ability, teaching them new words, and
assessing their ability to recall the definitions. These tasks will take place over a
total of eight sessions, each lasting no more than 30 minutes. Some students
may be asked to spend an additional 15 minutes in a small group discussion to
describe what they enjoyed about the experience during my last visitation. If your
child chooses not to participate, he/she will simply continue with the regular
classroom activity. At the completion of the study, each student will be given a
token of appreciation.

| will protect your child’s confidentiality. What your child communicates will be
confidential and his/her name will not be recorded anywhere on the vocabulary
worksheets. He/she will be represented by a unique identification number. The
results will be kept in a locked file cabinet in my office to which only my advisor
will have access. | may publish results of the study, but names of people, or any
identifying characteristics, will not be used in any of the publications. If you would
like a copy of the study, please provide me with your address and | will send you
a copy in the future.
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Participation is voluntary. Your child can withdraw from the study at any time, and
for any reason. There is no penalty for declining to participate in the interview or
for withdrawing from the study if your child changes his/her mind. The study is
not related to your child’s school and his/her participation (or lack of) with not
affect his/her grades.

If you have any questions about the study or request a research summary you
can contact me at (917)748-8164, mcohenl@gc.cuny.edu. You can also contact
my advisor Professor Helen Johnson at (212)817-8298, hjohnson@gc.cuny.edu.
If you have questions about your child’s rights as a participant in this study, you
can contact Kay Powell, IRB Administrator, The Graduate Center of the City
University of New York (CUNY), at (212) 817-7525, kpowell@gc.cuny.edu.

Thank you very much for considering my study.

Sincerely,

Marisa Cohen

Doctoral Student
Educational Psychology
CUNY Graduate Center

| have read and understood the information described above. Ms. Cohen
answered all the questions | had to my satisfaction and allow my child
participate in the vocabulary research.

Please print your name

Please print your child’s name

Parent Signature: Date:

Researcher Signature: Date:




174

Appendix C
Student Assent Form
Student Assent Form
Assent to Participate in Science Vocabulary Researc  h

Date

My name is Marisa Cohen and | am a student in the Educational Psychology
Ph.D. Program at The Graduate Center of the City University of New York
(CUNY). I am conducting a project dealing with science vocabulary learning. | am
asking your parents for their permission to allow you to participate in my study,
but also want your agreement.

If you agree, you will learn new exciting ways to better help you remember
vocabulary. | will first assess your vocabulary level and identify words which fifth
grade students do not yet know. | will then teach you these words using activities
such as hearing sentences and definitions, hearing the words pronounced, and
seeing and drawing pictures. Then we will see how many each of you can
remember.

| will come in and work with groups of students during regular school hours. Your
answers and feedback will only be seen by me and my advisor, and will not count
towards your grades in class. This is meant to be a fun learning experience for
you. | hope that this research will provide useful results to help teachers instruct
their students better in the future.

This study is not related to your school and if you participate, or choose not to, it
will not affect your grades. Your participation is voluntary and you may choose to
stop at any time. When | discuss or write about the results of this study, | will not
use your name or anything that can identify you to others. At the completion of
the study, you will be given a token of appreciation.

If you have any questions about this research, you can contact me at (917)748-
8164, mcohenl@gc.cuny.edu. You can also contact my advisor Professor Helen
Johnson at (212)817-8298, hjohnson@gc.cuny.edu.
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Assent to Participate in Science Vocabulary Researc  h

| have understood the information described. Ms. Cohen answered all the
guestions | had to my satisfaction and agree to participate in the research.

Please print your name

Signature: Date:

Researcher Signature: Date:
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Appendix D
Definitions and Sentences of Words

Definitions provided by:

Merriam-Webster's collegiate dictionary. {1@d.). (1996). Springfield, MA: Merriam-
Webster, Incorporated.

Pearson Education, Inc. (200Slossary of biological terms. Retrieved from http://www.
phschool.com/science/biology place/glossary/index.html

**= words that were included in the interventions

Biology Vocabulary

**Abdomen:
In mammails, the portion of the trunk containing internal organs other than the heart and
lungs.

The patient had pain in his abdomen, which is the mid section of the body, and went to
the see the doctor to find out what was causing it.

**Anther:
The pollen sac, inside which pollen grains form in the flower of flowering plants.

Pollen grains form in the anthers of flowering plants.

**Benthos:
The region that includes the bottom of a lake, sea, or ocean.

The benthos region of a lake or sea is often dark and very cold, as it is all the way at the
bottom.

Cell membrane:
Outer membrane of the cell that selects what enters and exits the cell; traffic cop of cell.

The cell membrane is the outer membrane of the cell through which particliemesa
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Conifer:
A plant whose reproductive structure is the cone, and includes pines, firs, redwoods, and
other large frees.

A pine tree is a type of conifer. It produces pine cones, which are its reproductive
structures.

**Corolla:
Petals, which are usually colored flower parts.

The corolla of a sunflower consists of brightly colored yellow petals.

**Cotyledon:
The one or two seed leaves of the embryo of a flowering plant.

The cotyledon of the lima bean plant the students grew in their class consistedinytwo t
leaves.

Cytoplasm:
Jellylike substance within a cell.

The cytoplasm of the cell is the jellylike substance in which all of the olgarsek
suspended.

**Diatom:
Microscopic one-celled algae.

A colony of green diatoms were found in the sample of swampy water, but were too
small to see without the use of a microscope.

**Erythrocyte:
A red blood cell; which functions in tfransporting oxygen in the circulatory system.

Red blood cells, which transport oxygen in the circulatory system of human beings are
also known as erythrocytes.

Esophagus:
A channel that conducts food from the back of the mouth to the stomach.

After swallowing my food, it passed through my esophagus and was on its way to my
stomach.
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Lysosome:
A membrane-enclosed bag of enzymes found in the cytoplasm of certain cells; digestion
center,

The lysosome is known as the digestion center, because it contains chemicals used t
break compounds down in certain cells.

**Microtubules:
Hollow cylinders that support and shape cells.

Microtubules are used to shape cells and look like hollow cylinders.

Mitochondria:
Organelle in the cell that serves as the site of cellular respiration; “powerhouse” of cell.

Many consider the mitochondria the powerhouse of the cell because of its rolalar cel
respiration.

Nucleus:
Spherical organelle bounded by a membrane; cell’s brain.

The nucleus is often called the cell’s brain as it is in charge of whatig goiwithin the
cell.

**Petiole:
The stalk of a leaf, which joins the leaf to the stem.

The petiole of that leaf, which attached it to the stem was bright green.

**Phloem:
The portion of the vascular system in plants consisting of living cells arranged into
elongated tubes that transport sugar and other nutrients throughout the plant.

The phloem is important to plants, because it consists of cells which transp@mnsutri

**Pistil:
The female reproductive organ of a flower which contains the seeds.

The pistil of the flower contains the seeds.
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Root cap:
A cone of cells at the tip of a plant root that protects it.

The root cap at the tip of plant roots is important for protection.

**Sepals:
Modified leaves in flowering plants that enclose and protect the flower bud before it
opens.

In flowering plants, the sepals protect the flower before it opens up.

**Solute:
A substance that is dissolved in a solution.

The solute, or substance dissolved in my salt water solution, is the salt.

**Solvent:
The dissolving agent of a solution.

In my salt water solution, the solvent is the water.

Stamen:
The pollen-producing male reproductive organ of a flower,

The stamen of flower is responsible for pollen production.

**\/acuole:
Membrane-bound sac that stores food and waste; cell’s warehouse.

The vacuole is an organelle sometimes called the warehouse, becauss foetbesd
waste.

Xylem:
The tube-shaped, nonliving portion of the vascular system in plants that carries water and
minerals from the roots to the rest of the plant.

The xylem is a nonliving part of a plant, but is important because it carries wdter a
minerals up from the roots to the rest of the plant.
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Appendix E
Picture Card Samples

Test card

Biology Vocabulary Words

Abdomen Anther Renthos
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Corolla CUWlEdon Diatom

| Ep}..}hmcﬁe Microtubules Retile




182

gepmﬁ

Pistil

Phloem

Vacuole

Solvent

Solute
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Appendix F
Demographic Information Form

Number:

Demographic Information

Directions: Check the box that best describes you. If you check “other,” please write in
your answer.

1. What is your age?
[]8.5
19
[19.5
110
105
C1n

[] Other

2. What is your gender?
[ ] Male

[ ] Female

3. How would you classify yourself?
[] Caucasian/ White
[] African American
[ ] Hispanic
[ ] Asian
[] Native American

] Other
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4. What was the first language you learned?
[_] English
] spanish
[] Chinese
[] Korean
[ ] Japanese
[_] Russian

] Other

5. What language(s) do you speak at home? (Check all that apply.)
[ ] English
] Spanish
[ ] Chinese
[ ] Korean
[ ] Japanese
[_] Russian

[ | Other

6. How many older brothers or sisters do you have?
[]o
L1
[]2
[]3

] Other




185

7. How many youngerbrothers or sisters do you have?
[Jo
11
[]2
[13
[ ] Other
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Appendix G
Biology Vocabulary Pretest

Number:

Vocabulary Pretest: Biology Vocabulary

Directions: Check the box next to the best definition for each word. Check the box “Not
sure/ Do not remember” if you do not know or do not remember the definition. Your
scores on the test cannot be traced back to you and will not count agairB3iease. do

not guess.

**These are very difficult words, which most fifth graders do not know. Do not worry if
you do not know them.

Petiole:

[ ] The pollen sac, inside which pollen grains form in the flower of flowering plants.
] Petals, which are usually colored flower parts.
L] The stalk of a leaf, which joins the leaf to the stem.

] Not sure/Do not remember.

Mitochondria:

[] Membrane-bound sac that stores food and waste; cell’s warehouse.
[ ] Organelle in cell that serves as the site of cellular respiration; “powerhouse” of cell.
[] Part of cell where proteins are made.

[ ] Not sure/Do not remember.

Solvent:

[ ] A liquid mixture of two or more substances.
[] The dissolving agent of a solution.
[] A substance that is dissolved in a solution.

] Not sure/Do not remember.
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Benthos:

] Microscopic one-celled algae.
[ ] The region that includes the bottom of a lake, sea, or ocean.
[ ] A vascular plant.

[ ] Not sure/Do not remember.

Stamen:

[ ] The female reproductive organ of a flower which contains the seeds.

[ ] Modified leaves in flowering plants that enclose and protect the flower bud before it
opens.

[]The pollen-producing male reproductive organ of a flower.

[ ] Not sure/Do not remember.

Vacuole:

[] Membrane-bound sac that stores food and waste; cell’s warehouse.
[ ] Organelle in cell that serves as the site of cellular respiration; “powerhouse” of cell
[] Part of cell where proteins are made.

] Not sure/Do not remember.

Sepals:

[ ] A flowering plant, which forms seeds inside a protective chamber.
[] The pollen-producing male reproductive organ of a flower.

[ ] Modified leaves in flowering plants that enclose and protect the flower bud before it
opens.

] Not sure/Do not remember.
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Solute:

[] A substance that is dissolved in a solution.
[] The diissolving agent of a solution.
[] A homogeneous, liquid mixture of two or more substances.

[ ] Not sure/Do not remember.

Phloem:

[] The portion of the vascular system in plants consisting of living cells arranged into
elongated tubes that tfransport sugar and other organic nutrients throughout the
plant,

[] The tube-shaped, nonliving portion of the vascular system in plants that carries water
and minerals from the roots to the rest of the plant.

[ ] The one or two seed leaves of the embryo of a flowering plant.

[ ] Not sure/Do not remember.

Conifer:

[ ] A cone of cells at the tip of a plant root that protects it.
[] Collectively, the sepals of a flower, which are the tiny green leaves.

[] A plant whose reproductive structure is the cone, and includes firs, redwoods, and
other large trees.

] Not sure/Do not remember.

Corolla:

[] Petals, which are usually colored flower parts.
[] The pollen sac, inside which pollen grains form in the flower of flowering plants.
L] The stalk of a leaf, which joins the leaf to the stem.

] Not sure/Do not remember.
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Xylem:

[] The tube-shaped, nonliving portion of the vascular system in plants that carries water
and minerals from the roots to the rest of the plant.

[] The one or two seed leaves of the embryo of a flowering plant.
[] The portion of the vascular system in plants consisting of living cells arranged into
elongated tubes that transport sugar and other organic nutrients throughout the

plant.

[ ] Not sure/Do not remember.

Abdomen:

[] The inner layer of the skin.

L] In mammals, the portion of the trunk containing internal organs other than the heart
and lungs.

] A channel that conducts food from the back of the mouth to the stomach.

] Not sure/Do not remember.

Cotyledon:

[] The portion of the vascular system in plants consisting of living cells arranged into
elongated tubes that tfransport sugar and other organic nutrients throughout the
plant,

[ ] The one or two seed leaves of the embryo of a flowering plant.

[] The tube-shaped, nonliving portion of the vascular system in plants that carries water
and minerals from the roots to the rest of the plant.

[ ] Not sure/Do not remember.
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Nucleus:

[] Spherical organelle bounded by a membrane; cell’s brain.
[ ] Hollow cylinders that support and shape cells.
[] Jellylike substance within a cell.

[ ] Not sure/Do not remember.

Pistil:

[ ] Modified leaves in flowering plants that enclose and protect the flower bud before it
opens.

[] The pollen-producing male reproductive organ of a flower.
[_] The female reproductive organ of a flower which contains the seeds.

[ ] Not sure/Do not remember.

Cell membrane:

[] Double membrane across the midline of a dividing plant cell.

] Protective layer external to the plasma membrane in plant cells, bacteria, and fungi
that shapes and supports the cell.

[] Outer membrane of the cell that selects what enters and exits the cell; traffic cop of
cell.

] Not sure/Do not remember.

Erythrocyte:

[ ] A spherical body within the nucleus, active in the creation of ribosomes.
[] A red blood cell; which functions in transporting oxygen in the circulatory system.

[] A membrane-enclosed bag of enzymes found in the cytoplasm of certain cells;
digestion center.

] Not sure/Do not remember.
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Microtubules:

[] Spherical organelle bounded by a membrane; cell’s brain.
[ ] Hollow cylinders that support and shape cells.
[] Jellylike substance within a cell.

[ ] Not sure/Do not remember.

Root cap:

[] Collectively, the sepals of a flower, which are the tiny green leaves.

[ ] A plant whose reproductive structure is the cone, and includes pines, firs, redwoods,
and other large trees.

[ 1 A cone of cells at the tip of a plant root that protects it.

[ ] Not sure/Do not remember.

Anther:

[] Petals, which are usually colored flower parts.
[ ] The pollen sac, inside which pollen grains form in the flower of flowering plants.
[ ] The stalk of a leaf, which joins the leaf to the stem.

] Not sure/Do not remember.

Cytoplasm:

[] Jellylike substance within a cell.

[] Spherical organelle bounded by a membrane; cell’s brain.
[ ] Hollow cylinders that support and shape cells.

[ ] Not sure/Do not remember.
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Esophagus:

[ ] In mammails, the portion of the trunk containing internal organs other than the heart
and lungs.

] A channel that conducts food from the back of the mouth to the stomach.
[] The inner layer of the skin.

] Not sure/Do not remember.

Lysosome:

[] A spherical body within the nucleus, active in the creation of ribosomes.

[ ] A membrane-enclosed bag of enzymes found in the cytoplasm of certain cells;
digestion center.

[] A red blood cell; which functions in transporting oxygen in the circulatory system.

] Not sure/Do not remember.

Diatom:

] Microscopic one-celled algae.

[] The region that includes the bottom of a lake, sea, or ocean.
[ ] A vascular plant.

[ ] Not sure/Do not remember.



193

Appendix H
Training Condition Scripts

The researcher followed the script of the intervention that each group was
assigned to. The students were informed that they would be working with vocabulary

words and to follow the directions presented.

Word Only intervention:

We are going to be working with vocabulary today. | am going to give you some
vocabulary words and | want you to try and learn them. It will be an excitigdongou
to see how good your memory is. Don’t worry; this will not count as part of your class
grade. We are going to practice first with a word | am sure you all knowweadkydog.

Here is the word dog. See dog. Now | will say the word: dog. | will now use it in
a sentence. My friend Dan just got a cute, furry dog. Now | will give you theitiafi of
the word. A dog is a domestic animal related to a wolf (Merriam-Webstgiagiate
dictionary, 1996). Here is the word written on an index card again. | will now say this
word one more time: dog. The point of this is to remember what the vocabulary word
means. We are now going to try this with some new, challenging science \agabul
words that many of you will not know. Remember- this will not count as part of your

class grade, but | want you to try and remember the definitions of the words.
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Picture Presentation intervention:

We are going to be working with vocabulary today. | am going to give you some
vocabulary words with pictures and | want you to try and learn them. It will be an
exciting way for you to see how good your memory is. Don’t worry; this will not caunt a
part of your class grade. We are going to practice first with a wamddure you all
know very well: dog.

Here is the word dog written on an index card. See dog. Now | will say the word:
dog. I will now use it in a sentence. My friend Dan just got a cute, furry dog. Nalv | w
give you a definition of the word. A dog is a domestic animal related to a wolfiéivie
Webster’s collegiate dictionary, 1996). Here is the word written on an index cand aga
Now | will show you a picture of a dog. The point of this is to remember what the
vocabulary word means. We are now going to try this with some new, challenging
science vocabulary words that many of you will not know. Remember- this witbnot
as part of your class grade, but | want you to try and remember the defirofithe

words.
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Image Creation- No Picture intervention:

We are going to be working with vocabulary today. | am going to give you some
vocabulary words, then you are going to draw pictures of them, and | want you to try and
learn them. It will be an exciting way for you to see how good your memory ist Don’
worry; this will not count as part of your class grade. We are going toqedicst with a
word | am sure you all know very well: dog.

Here is the word dog written on an index card. See dog. Now | will say the word:
dog. I will now use it in a sentence. My friend Dan just got a cute, furry dog. Nalv | w
give you a definition of the word. A dog is a domestic animal related to a weltfigvh-
Webster’s collegiate dictionary, 1996). Here is the word written on the indexgard a
Now | want you to think of an image of a dog in your head. Once you have come up with
a good picture, draw it on this piece of paper. The point of this is to remember what the
vocabulary word means. We are now going to try this with some new, challenging
science vocabulary words that many of you will not know. Remember- this wilbnat ¢
as part of your class grade, but | want you to try and remember theide$irat the

words.
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Image Creation- Picture intervention:

We are going to be working with vocabulary today. | am going to give you some
vocabulary words and show you pictures of them. Then you are going to draw pictures of
them, and | want you to try and learn them. It will be an exciting way for yoeetbawy;
good your memory is. Don’t worry; this will not count as part of your class graderaVe a
going to practice first with a word | am sure you all know very well: dog.

Here is the word dog written on an index card. See dog. Now | will say the word:
dog. I will now use it in a sentence. My friend Dan just got a cute, furry dog. Nalv | w
give you a definition of the word. A dog is a domestic animal related to a walfifivie
Webster’s collegiate dictionary, 1996). Here is a picture of the word dog. Nawt Iyou
to think of an image of the word dog in your head and draw it on a piece of paper. The
point of this is to remember what the vocabulary word means. We are now going to try
this with some new, challenging science vocabulary words that many of yowtvi
know. Remember- this will not count as part of your class grade, but | ward yryu t

and remember the definitions of the words.
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Appendix |
Immediate and Delayed Recall Word Fill-In Tasks

Number:

Biology Fill-In: Immediate Recall

Directions: Please read each statement carefully. Select the word from the psgenthe

that best completes the statement and write it on the line. Some sentences bawamor

one blank. Each word can only be used once. If you do not know the answer, please leave
the space blank.

1. The first grade students planted lima bean plaritstiweir teachers.
After a couple of days, they noticed that a

(cotyledon/ pistil) had sprouted from the soil.

2. The girl ripped the leaf right at the erythrocyte/ petiole),

separating it from the stem.

3. The phloem/ benthog is important for plants, as it consists

of the cells that send nutrients throughout thatpleeeping it alive and
healthy.

4. When | create a solution of salt water, the Solute/ solveny
Is the sallt.

5. | was surprised that the sefals/ anther$ which protect the

flower bud before it opens give way to the bealtédl

(corolla/ conifer) of the flower.
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6. The researcher collected a sample of water from the

(vacuole/ bentho3 region of the lake. When she examined the sample

under a microscope, she saw that the water coutaine

(diatoms/ sepal¥, which were too small for the naked eye to see.

7. In order to find out why the girl had such seveaepn her

(abdomen/ vacuol¢ the doctor took a sample of

(diatoms/ erythrocyteg to examine them for infection.



Answer Key:

1.
2.
3.

Cotyledon
Petiole

Phloem

Solute

Sepals; corolla
Benthos; diatoms

Abdomen; erythrocytes

199
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Number:

Biology Fill-In: Delayed Recall

Directions: Please read each statement carefully. Select the word from the pseenthe

that best completes the statement and write it on the line. Some sentences bawamor

one blank. Each word can only be used once. If you do not know the answer, please leave
the space blank.

1. The new doctor checked the patient’s abddmen/ vacuolg,

and asked if she felt any pain. He also took a $auoip

(diatoms/ erythrocyteg to send to the lab for tests.

2. The cbtyledon/ pistil) is typically the first portion of the

plant to sprout from the soil.

3. The chemist dissolved the solite/ solven} into the liquid,

making a solution.

4. If you were to remove the phloem/ benthog from a plant,

it would have no way to move nutrients around.

5. There is a big difference in color between the dpden ,

(sepals/ anther} which protect the flower bud before it opens #mel

bright yellow corolla/ conifer) of the flower once it blooms.

6. The efythrocyte/ petiole) which attaches the leaf to the

stem of the flower is the same beautiful brightegreolor as the leaf.
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7. The vacuole/ bentho3} region of a lake is often very cold

because it is all the way at the bottom. Many cnesst will not survive at

this temperature; however dialoms/ sepal¥ can be found

here, which are microscopic one-celled algae.



Answer Key:

1.

2.

3.

Abdomen: Erythrocytes
Cotyledon

Solute

Phloem

Sepals; corolla

Petiole

Benthos; diatoms

202
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Appendix J
Immediate and Delayed Recall Word Match tasks

Number:

Biology Definition Word Match: Immediate Recall

Directions: Match each word to its definition by writing the letter of the definition in the
space provided next to the vocabulary word. Each letter can only be used once.

Match 1

1. _ Solvent A. The dissolving agent of a solution.

B. The one or two seed leaves of the

2. ___ Erythrocyte embryo of a flowering plant.

3. Abdomen C. In ma.m'malls, the portion of the trunk
containing internal organs other than
the heart and lungs.

4. _ Cotyledon . . .

D. A red blood cell; which functions in
transporting oxygen in the
circulatory system.

5. __ Anther

E. The pollen sac, inside which pollen
grains form in the flower of
flowering plants.



Match 2

1.  Sepals
2. Pistil
3. ___ Solute
4. _ Phloem
5. Petiole

204

. The stalk of a leaf, which joins the

leaf to the stem.

. The female reproductive organ of a

flower which contains the seeds.

. The portion of the vascular system in

plants consisting of living cells
arranged into elongated tubes that
transport sugar and other organic
nutrients throughout the plant.

. A substance that is dissolved in a

solution.

. Modified leaves in flowering plants

that enclose and protect the flower
bud before it opens.



Match 3

1. _ Diatom

2. ___ Vacuole

3. ____ Microtubules
4.  Corolla

5. Benthos

205

. The region that includes the bottom

of a lake, sea, or ocean.

. Petals, which are usually colored

flower parts.

. Microscopic one-celled algae.

. Hollow cylinders that support and

shape cells.

. Membrane-bound sac that stores

food and waste; cell's warehouse.
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Answer Key:

Match 1

1. A

W

D
C
B
E

Match 2
1.E
2.B
3.D
4.C

5. A

Match 3

1. C

W

E
D
B
A
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Number:

Biology Definition Word Match: Delayed Recall

Directions: Match each word to its definition by writing the letter of the definition in the
space provided next to the vocabulary word. Each letter can only be used once.

Match 1
1. _ Diatom A. A substance that is dissolved in a
solution.
B. Petals, which are usually colored
2. ___ Abdomen flower parts.
3. Corolla C. The region that includes the bottom
of a lake, sea, or ocean.
D. Microscopic one-celled algae.
4. Benthos

E. In mammals, the portion of the trunk
containing internal organs other than
5. Solute the heart and lungs.



Match 2

1.  Petiole
2. Phloem

3. __ Sepals

4. _ Cotyledon
5. __ Erythrocyte
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. A red blood cell; which functions in

transporting oxygen in the
circulatory system.

. The stalk of a leaf, which joins the

leaf to the stem.

. The one or two seed leaves of the

embryo of a flowering plant.

. The portion of the vascular system in

plants consisting of living cells
arranged into elongated tubes that
transport sugar and other organic
nutrients throughout the plant.

. Modified leaves in flowering plants

that enclose and protect the flower
bud before it opens.



Match 3

1. __ Microtubules
2. ___ Anther

3. __ Pistil

4. _ Solvent
5. Vacuole
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. Hollow cylinders that support and

shape cells.

. The pollen sac, inside which pollen

grains form in the flower of
flowering plants.

. Membrane-bound sac that stores

food and waste; cell’'s warehouse.

. The female reproductive organ of a

flower which contains the seeds.

. The dissolving agent of a solution.



Answer Key:

Match 1

1.

2.

W
> O m O

D

> O W m

Match 3

1.

2.

A

B
D
E
C

210
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Appendix K
Vocabulary Learning Evaluations

Number:

Vocabulary Learning Evaluation

Directions: Check the box that best describes your feelings about your vocabulary
learning experience.

1. I was able to learn the vocabulary words.

[ ] Completely agree
[ ] Somewhat agree
[] Somewhat disagree

[] Completely disagree

2. | was able to remember the vocabulary words.

[ ] Completely agree
[ ] Somewhat agree
[ ] Somewhat disagree

[ ] Completely disagree

3. The method that was demonstrated to me was useful for helping me learmet
words.

[ ] Completely agree

[ ] Somewhat agree
[ ] Somewhat disagree

[] Completely disagree
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4. The method that was demonstrated to me was fun.

[ ] Completely agree
[ ] Somewhat agree
[ ] Somewhat disagree

[ ] Completely disagree

5. | used other methods on my own to help me remember the vocabulary words.

[]Yes
[ 1No

6. If you answered YES to question 5, please list the methods you used belowl an

explain them.
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Appendix L
Student Discussion Questions

1) Did you like the vocabulary learning method we used?

2) Did you think the vocabulary learning method was fun?

3) Do you think you will remember these words?

4) How did you remember the words? What did | tell you to do?

5) Did you use any other specific method? Did you do anything else to remdrmaber t
words?

6) What else may help you remember these words?

7) (If in the Word Only or Image Creation- No Picture presentation):Did you have

trouble visualizing the meaning of the word? If so, what may have helped you?
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Appendix M
PPVT Data
Participant School Class # Gender Chronological PPVT age PPVT
# Age equivalent Grade
in months in months equivalent
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5.1

131

126

LB

54

157

126

LB

57

5.5

136
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59

3.4

106
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LB

61
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63

5.5
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65
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83

3.5
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3.9

114

126
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89
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Appendix N
Students’ Answers on the Vocabulary Learning Evaluation

Intervention Class Number  Participant Number Comment on
Question 6

Picture 2 18 e | wrote it down a

Presentation few times.
e | do these packets.

Picture 4 72 | would read

Presentation worksheets over. |
would make up
rhymes like corolla
color corolla color. |
would repeet words
over in my head.

Image Creation- 1 30 One method | used is

Picture the words | pay most
attention to were the
easyest.
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Image Creation- 2 5
Picture

Really | just used
pictures to help me
remember. Especially
for Benthos. That is
the method that | use.

Image Creation- 4 82
Picture

| remembered a lot of
them, usually there
were not that much of
answers | did not
remember. If | did not
understand the word |
guessed.

Image Creation- 5 64

Picture

| thinked. | thout of
the ahef of the words.

* All comments are copied in their original form.



218

Appendix O
Students’ Answers to the Discussion Questions
Rockville Centre
Class #1
Word Only Group

2. Did you think the Yes Yes
vocabulary learning
method was fun?

4. How did you You gave us the word and the You also gave us an example.

remember the definition.
words? What did |
tell you to do?

6. What else may | am not sure. Nothing.
help you remember
these words?
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Rockville Centre
Class #1
Picture Presentation Group

2. Did you think the No Yes. | liked the ones with the
vocabulary learning pictures.
method was fun?

4. How did you | remembered the definitions When | saw the words |
remember the after | saw the pictures. thought of the pictures.
words? What did |

tell you to do?

6. What else may  You should have givenus a It would be helpful if you
help you remember flower to remember the flower gave us something that tested
these words? parts. | could have seen a the word.

corolla.
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Rockville Centre
Class #1
Image Creation- No Picture Group

#33 #36

2. Did you think the  Yes- | somewhat agree. Yes
vocabulary learning
method was fun?

4. How did you You gave us the word and the You gave us the word and the
remember the definition and then you made usdefinition and then we
words? What did | draw the picture. colored.

tell you to do?

6. What else may Not really, but if you gave us a | needed a picture.
help you remember picture that could have helped.
these words?
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Rockville Centre
Class #1
Image Creation- Picture Group

2. Did you think the  Yea- | could use more words  Yes
vocabulary learning that my friends will be like
method was fun? “What the heck are you

saying?”

4. How did you We got to draw our own picture You gave us the word, the
remember the and we saw one which helped definition, a picture, and we
words? What did | us to see what it is. got to make our own picture.

tell you to do?

6. What else may We could go over them once in Maybe we could look in the

help you remember a while and write the words in  dictionary. We could also

these words? our books. write it, study it, and
remember it.
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Rockville Centre
Class #2
Word Only Group

2. Did you think the  The way you did it was fun, Yes

vocabulary learning because most people would just

method was fun? bore students to death learning
these words.

4. How did you You gave us a word and then You gave us the word and a
remember the you asked us what they meant. sentence to remember it.
words? What did |

tell you to do?

6. What else may If you can remember the If we had candy.

help you remember picture.
these words?
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Rockville Centre
Class #2
Picture Presentation Group

2. Did you think the  Yes Yes
vocabulary learning
method was fun?

4. How did you | used the photograph. You gave us a picture and a
remember the definition, like benthos is the
words? What did | bottom of an ocean or lake.

tell you to do?

6. What else may | don’t know. No
help you remember
these words?
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Rockville Centre
Class #2
Image Creation- No Picture Group

#13 #21

2. Did you think the  No No, not really.
vocabulary learning
method was fun?

4. How did you We had to draw a picture of  You had us fill in the blank

remember the what we thought the words and connect the words to the

words? Whatdid I were. definitions on paper. You also

tell you to do? gave us the word, definitions,
and crayons in order to draw
the picture.

6. What else may | just remember them once for awriting words down helps
help you remember test and then forget them. | alsome.
these words? remember easy words.
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Rockville Centre
Class #2
Image Creation- Picture Group

2. Did you think the  Yes Yes
vocabulary learning
method was fun?

4. How did you We used the pictures we saw We used pictures and colored
remember the and drew to remember them. like with the red blood cells.
words? What did |

tell you to do?

6. What else may We could keep studying them oMostly studying and using
help you remember play some games. our memories.
these words?
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Long Beach
Class #3
Word Only Group

2. Did you think the  Yes Yes
vocabulary learning
method was fun?

4. How did you You gave us the word and we You gave us the meaning.
remember the had the definition.
words? What did |

tell you to do?

6. What else may | can take a paper and then youYou can cut up the words into
help you remember ask someone to tell you the  their parts to help you
these words? word and then | spell it. memorize them.
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Long Beach
Class #3
Picture Presentation Group

2. Did you think the  Yes So/so
vocabulary learning
method was fun?

4. How did you You showed us the words and You gave us the words and
remember the sounded them out and gave us pictures. You also gave us the
words? What did | picture. definitions and sheets to fill
tell you to do? out later.

6. What else may You can keep saying it and The pictures can help. You
help you remember sounding them out. can also study the definitions.
these words?




Long Beach
Class #3
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Image Creation- No Picture Group

#88 #96

1. Did you like the
vocabulary learning
method we used?

2. Did you think the
vocabulary learning
method was fun?

3. Do you think you
will remember these
words?

4. How did you
remember the
words? What did |
tell you to do?

5. Did you use any
other specific
method? Did you do
anything else to
remember the
words?

6. What else may

help you remember
these words?

7. (If in the Word

Only or Image
Creation- No
Picture

presentation): Did
you have trouble
visualizing the
meaning of the
word? If so, what
may have helped
you?

Yes Yes

In between. Yes

Yes, but if not then it was | don’t know. It's not hard, bt
because the words were too  there are a lot of words.
hard.

You gave us the word and then You told us to draw out the
don’t remember. words, but there were a lot of
words- 15.

| usually look for words inside No
of the word and try to remembe
those.

Thinking of the first letter. | repeat things a lot. Or, if |
see the picture, | keep it in my
head like with the other thing
we did with the four pictures.
That was much easier.

| was able to picture the word i Yes- | needed the picture to
my head. see what | needed to think of.
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Long Beach
Class #3
Image Creation- Picture Group

2. Did you think the  No, not really. Yes
vocabulary learning
method was fun?

4. How did you You gave us the word and we You gave us the words and
remember the drew a picture of it and we did the sheets to fill in to see what
words? What did | sheets. they are. We also drew some
tell you to do? pictures.

6. What else may It would help to see them a lot. Making a picture really

help you remember helped.
these words?
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Long Beach
Class #4
Word Only Group

2. Did you think the  No No
vocabulary learning
method was fun?

4. How did you You gave us the word and the You gave us a word and a
remember the definition. sentence using the word.
words? What did |

tell you to do?

6. What else may Not sure. It helps to have a sentence.
help you remember
these words?
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Long Beach
Class #4
Picture Presentation Group

2. Did you think the  Yes Yes
vocabulary learning
method was fun?

4. How did you You gave us the picture of the You gave us the word and a
remember the word and read the definition.  paper. You also showed us a
words? What did | picture and explained a bit
tell you to do? about it.

6. What else may | like to write down the | look in a textbook. | think of
help you remember information, because it helps mehe base word too.
these words? remember better.
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Long Beach
Class #4
Image Creation- No Picture Group

#76 #17
1. Did you like the Yes, well so/so. Yes
vocabulary learning
method we used?
2. Did you think the  No, not really. Yes kinda.

vocabulary learning
method was fun?

3. Do you think you No, because there were so ma No, because | don’t remember
will remember these words that | can’t remember  them now. | only remember t

words? them. words.

4. How did you There was a word, a definition, We had a word and we drew
remember the and you had to draw a picture. pictures. We also answered
words? What did | guestions about them later.

tell you to do?

5. Did youuse any No No
other specific

method? Did you do

anything else to

remember the

words?

6. What else may Our teacher sometimes makes | just try to remember them.
help you remember up a game. You need to move

these words? words to the item in the game.

7. (If in the Word No A couple of the words were
Only or Image hard to come up with. Those
Creation- No are the words that | don’t
Picture think | can remember.

presentation): Did
you have trouble
visualizing the
meaning of the
word? If so, what
may have helped
you?




233

Long Beach
Class #4
Image Creation- Picture Group

2. Did you think the  Yes Yes
vocabulary learning
method was fun?

4. How did you We saw the word and we There was a word, a picture, an
remember the would have to draw them. example, and we drew.
words? What did |

tell you to do?

6. What else may If I memorize them by looking If we keep index cards with the
help you remember at them a lot. definitions.
these words?
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Long Beach
Class #5
Word Only Group

2. Did you think the  Yes Yes
vocabulary learning
method was fun?

4. How did you We got the word and the You gave us the words and a
remember the definition. paper to fill out.
words? What did |

tell you to do?

6. What else may Nothing- | really never study  Reading them over and over
help you remember vocabulary. | just say that |
these words? study.
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Long Beach
Class #5
Picture Presentation Group

2. Did you think the  Yes Yes
vocabulary learning
method was fun?

4. How did you You gave us the word and we You gave us words and
remember the saw a picture. pictures.
words? What did |

tell you to do?

6. What else may | don’t know. Say a definition and guess the
help you remember word, like with a test.
these words?



Long Beach
Class #5

Image Creation- No Picture Group
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#57

#60

1. Did you like the
vocabulary learning
method we used?

2. Did you think the
vocabulary learning
method was fun?

3. Do you think you
will remember these
words?

4. How did you
remember the
words? What did |
tell you to do?

5. Did you use any
other specific
method? Did you do
anything else to
remember the
words?

6. What else may
help you remember
these words?

7. (If in the Word
Only or Image
Creation- No
Picture
presentation): Did
you have trouble
visualizing the
meaning of the
word? If so, what
may have helped
you?

Yes — | kinda liked it.

No

| don’t know, they were kinda
hard.

No

Kinda, but not really

I think if | think about them Ill
remember them again. | have a
photographic memory and | s
my eyes and then | remember
them.

You gave us a word and a little You gave us the words and the

test.

No

If I study it over and over
again.

Yes- a picture would have
helped.

two worksheets.

| closed my eyes and then |
saw the word and | think really
hard to try to remember them.

If you watch TV- but not
really. Only if you watch the
discovery channel.

No- | can think of the words in
my head.
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Long Beach
Class #5
Image Creation- Picture Group

2. Did you think the  Yes- a little. Yes
vocabulary learning
method was fun?

4. How did you You gave us the words and theYou gave us the word and the
remember the pictures. Then we drew them. definition and then we had to
words? What did | draw them.

tell you to do?

6. What else may Maybe practicing them a little. Sometimes | quiz myself and
help you remember sometimes my brother helps
these words? me as partners.
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Appendix P

Samples of Students Image Creation Drawings

Image Creation- No Picture Intervention
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Image Creation- Picture Intervention
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Class #2- Rockville Centre

I o
A
A | e |

Class #3- Long Beach



242

-5

Class #4- Long Beach

>y

Class #5- Long Beach



243

References

Aarnoutse, C., & Schellings, G. (2003). Learning reading strategiegyggiing reading
motivation.Educational Studies, 29, 387-409. doi:10.1080/03055690320001596
88

Aarnoutse, C., & van Leeuwe, J. (1998). Relation between reading comprehension,
vocabulary, reading pleasure, and reading frequéturcational Research and
Evaluation, 4, 143-166. doi:10.1076/edre.4.2.143.6960

Aarnoutse, C., van Leeuwe, J., & Verhoeven, L. (2005). Early literacy from a
longitudinal perspectivd=ducational Research and Evaluation, 11, 253-275.
doi:10.1080/08993400500101054

Aarnoutse, C., van Leeuwe, J., Voeten, M., & Oud, H. (2001). Development of decoding,
reading comprehension, vocabulary and spelling during the elementary school
years Reading and Writing: An Interdisciplinary Journal, 14, 61-89.

Allington, R.L. (2001) What really matters for struggling readers. Designing research-
based programs. New York: Addison Wesley.

Amrhein, P.C., McDaniel, M.A., & Waddill, P. (2002). Reuvisiting the picture- superiority
effect in symbolic comparisons: Do pictures provide privileged acdessf?al of
Experimental Psychology, 28, 843-857. doi:10.1037//0278-7393.28.5.843

Anderson, R.C. (1971). Encoding processes in the storage and retrieval of sentences.
Journal of Experimental Psychology, 91, 338-341.

Anderson, J. R. & Bower, G. H. (1973). Human associative memory. Washington, DC:

Winston.



244

Anderson, R.C. & Kulhavy, R.W. (1972). Imagery and prose leardougnal of
Educational Psychology, 63, 242-243.

Apthorp, H.S. (2006). Effects of a supplemental vocabulary program in third-grade
reading/language art$he Journal of Educational Research, 100, 67-79.

Arlin, M., Scott, M., & Webster, J. (1978-1979). The effects of pictures on rate of
learning sight words: A critique of the focal attention hypoth&sading
Research Quarterly, 14, 645-658.

Armon, J., & Morris, L. (2008). Integrated assessments for Btilence and Children,

45, 49-53. Retrieved from http://www.nsta.org

Beck, I.L. & McKeown, M.G. (1991). Conditions of vocabulary acquisition. In R. Barr,
M.L. Kamil, P.B. Mosenthal, & D.P. Pearson, (Edslandbook of reading
research (pp. 789-814). Mahwah, NJ: Lawrence Erlbaum Associates.

Beck, I.L., McKeown, M.G., & Kucan, L. (2002). Bringing words to life: Robust
vocabulary instruction. New York: Guilford.

Beck, I.L, Perfetti, C.A., & McKeown, M.G. (1982). Effects of long-term vocabulary
instruction on lexical access and reading comprehen¥amal of Educational
Psychology, 74, 506-521.

Becker, W.C. (1977). Teaching reading and language to the disadvantaged- What we
have learned from field resear¢harvard Educational Review, 47, 518-543.

Biemiller, A. (2003). Vocabulary: Needed if more children are to read Reztling

Psychology, 24, 323-335. doi:10.1080/02702710390227297



245

Biemiller, A. & Boote, C. (2006). An effective method for building meaning vocabulary
in primary gradesJournal of Educational Psychology, 98, 44-62.d0i:10.1037/
0022-0663.98.1.44

Biemiller, A. & Slonim, N. (2001). Estimating root word vocabulary growth in normative
and advantaged populations: Evidence for a common sequence of vocabulary
acquisitionJournal of Educational Psychology, 92, 498-520. doi:10.1037//0022-
0663.93.3.498

Braze, D., Tabor, W., Shankweiler, D.P., & Mencl, W. E. (2007). Speaking up for
vocabulary: Reading skill differences in young adultsirnal of Learning
Disabilities, 40, 226-243.

Bryant, D.P., Goodwin, M., Bryant, B.R., & Higgins, K. (2003). Vocabulary instruction
for students with learning disabilities: A review of the resedresr.ning
Disability Quarterly, 26, 117-128.

Cohen. J. (1992). A power primé&sychological Bulletin, 112, 155-159.

Coyne, M.D., McCoach, D.B., & Kapp, S. (2007). Vocabulary intervention for
kindergarten students: Comparing extended instruction to embedded instruction
and incidental exposurkearning Disability Quarterly, 30, 74-88.

Coyne, M.D., McCoach, D.B., Loftus, S., Zipoli, R., & Kapp, S. (2009). Direct
vocabulary instruction in kindergarten: Teaching for breadth vs. depth.
Elementary School Journal, 110, 1-18.d0i:10.1086/598840

Craik, F.I.M. & Tulving, E. (1975) Depth of processing and the retention of words in

episodic memoryJournal of Experimental Psychology, 104, 268-294.



246

Cunningham A. E. & Stanovich K.E. (1997). Early reading acquisition and its relation to
reading experience and ability 10 years lddexel opmental Psychology, 33, 934-
945.

Dale, E. (1962). Vocabulary development and reading instru®raceeedings of the
Annual Reading Institute. Vol .1: Reading in modern communication (pp. 27-31).
Philadelphia, PA: Temple University.

Douville, P., Pugalee, D.K., & Wallace, J.D. (2003). Examining instructional pradtices
elementary science teachers for mathematics and literacyatidegschool
Science and Mathematics, 103, 388-396.

Drum, P. (1983). Vocabulary knowledge. In. J.A. Niles & L.A. Harris Niles (Eds.),
Searches for meaning in reading/language processing and construction (32"
yearbook of the National Readi@gpnference, pp. 251-254). Rochester, NY:
National Reading Conference.

Dunn, L.M. & Dunn, L.M. (2007)Peabody Picture Vocabulary Test-Fourth Edition.
Bloomington, MN: Pearson Assessments.

East School. (n.d.Yhe values handbook and contract. Retrieved from http://Ibeach.org/
schools/elementary/east/pdfs/east_school_values _handbook.pdf

Fisher, P.J. & Blachowicz. (2005). Vocabulary instruction in a remedial se®eading
& Writing Quarterly, 21, 281-300. doi:10.1080/10573560590949386

Fisher, D., Grant, M., & Frey, N. (2009). Science literacy is greater treteges.
Clearing House: A Journal of Educational Strategies, Issues and Ideas, 82, 183-

186.



247

Gambrell, L.B. (1982). Induced mental imagery and the text prediction performance of
first and third graders. In J.A. Niles & L.A. Harris (Ed®@&w inquiriesin
reading research and instruction (31st yearbook of the National Reading
Conference, pp. 131-135). Rochester, NY: National Reading Conference.

Gambrell, L.B. (1983). Induced mental imagery and the written language €xpre$
young children. In. J.A. Niles & L.A. Harris Niles (EdsSgarches for meaning
in reading/language processing and construction (32" yearbook of the National
Reading Conference, pp. 251-254). Rochester, NY: National Reading Conference.

Gambrell, L.B. & Jawitz, P.B. (1993). Mental imagery, text illustrations, andren’s
story comprehension and rec&eading Research Quarterly, 28, 264-276.
doi:10.2307/747998

Goldenberg, C. (2008). Teaching English language learners: What the research doe
and does not sajumerican Educator, 33, 8-23, 42-43.

Groves, F.H. (1995). Science vocabulary load of selected secondary science textbooks.
School Science and Mathematics, 95, 231-235. doi:10.1111/].1949-8594.1995.tb
15772.x

Guthrie, J.T., Anderson, E., Alao, S., & Rinehart, J. (1999). Influences of concept-
oriented reading instruction on strategy use and conceptual learning ftom tex
The Elementary School Journal, 99, 344-366d0i:10.1086/461929

Guthrie, J.T., Schafer, W.D., & Huang, C. (2001). Benefits of opportunity to read and
balanced instruction on the NAEFhe Journal of Educational Research, 94, 145-

162. doi:10.1080/00220670109599912



248

Hand, B.M., Prain, V., & Yore, L.D. (2001). Sequential writing tasks’ influence on
science learning. In P. Tynjala, L. Mason, & K. Lonka (Edaft)ting asa
learning tool: Integrating theory and practice (pp. 105-129). Dirdrecht: Kluwer.

Hibbing, A.N. & Rankin-Erickson, J.L. (2003). A picture is worth a thousand words:
Using visual images to improve comprehension for middle school struggling
readersThe Reading Teacher, 56, 758-770.

Lehr, F., Osborn, J., & Hiebert, E.H. (200A)ocus on vocabulary. Honolulu, HI:
Pacific Resources for Education and Learning.

Levin, J.R. (1973). Inducing comprehension in poor readers: A test of a recent model.
Journal of Educational Psychology, 65, 19-24. doi:10.1037/h0034818

Levin, J.R., Davidson, R.E., Wolff, P., & Citron, M. (1973). A comparison of induced
imagery and sentence strategies in children’s paired-associai@dedournal of
Educational Psychology, 64, 306-309. doi:10.1037/h0034385

Long, S.A., Winograd, P.N., & Bridge, C.A. (1989). The effects of reader and text
characteristics on imagery reported during and after redgading Research
Quarterly, 24, 353-372. doi:10.2307/747774

Marks, C.B., Doctorow, M.J., & Wittrock, M.C. (1974). Word frequency and reading
comprehensionlournal of Educational Research, 67, 259-262.

Mcintosh, W.J. (1986). The effect of imagery generation on science rule learning.
Journal of Research in Science Teaching, 23, 1-9. doi:10.1002/tea.3660230101

McKee, J. & Ogle, D. (2005)ntegrating instruction: Literacy and science. New York:

Guilford Press.



249

McKeown, M.G. (1991). Learning word meanings from definitions: Problems and
potential. In P.J. Schwanenflugel (Edhe psychology of word meanings (pp.
137-156). Hillsdale, NJ: Lawrence Earlbaum Associates.

Merriam-Webster's collegiate dictionary. {1@d.). (1996). Springfield, MA: Merriam-
Webster, Incorporated.

Miller, W.H. (1993).Complete reading disabilities handbook. San Francisco: John Wiley
& Sons, Inc.

National Research Council. National Committee on Science Education Standards and
Assessment. (199@)lational science education standards. Washington, DC:
National Academy Press.

Newsday.com. (201Q@Q)ong Beach. Retrieved from http://longisland.newsday.com/
schools/district.php?id=280300

Newsday.com. (201@ockville Centre. Retrieved from http://longisland.newsday.com
/schools/district.php?id=280221

New York City Department of Education. (200B)YC K-8 science scope and sequence.
New York: New York City Department of Education.

New York State Education Department Policy Brief (200 impact of high-stakes
exams on students and teachers. New York: New York State Education
Department.

Paivio, A., Clark, J.M., & Lambert, W.E. (1988). Bilingual dual-coding theory and
semantic repetition effects on recatiurnal of Experimental Psychology, 14,

163-172. doi: 10.1037/0278-7393.14.1.163



250

Pany, D., & Jenkins, J.R. (1978). Learning word meanings: A comparison of irestalcti
procedures.earning Disability Quarterly, 1, 21-32. doi:10.2307/1510304

Pany, D., Jenkins, J.R., & Schreck, J. (1982). Vocabulary instruction: Effects on word
knowledge and reading comprehensiogarning Disability Quarterly, 5, 202-

215. doi:10.2307/1510288

Paul, P. (1989). Depth of vocabulary knowledge and reading; Implications for hearing
impaired and learning disabled studeAtsademic Therapy, 25, 13-24.

Penno, J.F., Wilkinson, I.LA.G., & Moore, D.W. (2002). Vocabulary acquisition from
teacher explanation and repeated listening to stories: Do they overcome the
Matthew effectournal of Educational Psychology, 94, 23-33. doi:10.1037/
0022-0663.94.1.23

Pearson Education, Inc. (200Assessments for special education needs. PPVT-IV:

Peabody picture vocabulary test- fourth edition. Retrieved from,
http://psychcorp.pearsonassessments.com/HAIWEB/Cultures/enus/tetdilc
htm?Pid=PAa30700

Pearson Education, Inc. (2008.ossary of biological terms. Retrieved from http://www.
phschool.com/science/biology place/glossary/index.html

Pressley, G.M. (1976). Mental imagery helps eight-year-olds remember wiatdlde
Journal of Educational Psychology, 68, 355-359. doi:10.1037/0022-0663.68.3.
355

Robinson, N., Weinberg, R., Redden, D., Ramey, S., & Ramey, C. (1998). Family factors
associated with high academic competence among former Head Sthdrchil

Gifted Child Quarterly, 42, 148-156.



251

Rupley, W.H. (2005). Vocabulary knowledge: Its contribution to reading growth and
developmentReading & Writing Quarterly, 21, 203-207. doi:10.1080/1057356
0590949179

RVC Schools. (2002-2010\lliam S. Covert elementary school mission statement.
Retrieved from http://rockville.ny.schoolwebpages.com/education/components/
scrapbook/default.php?sectionid=2

Sadoski, M. (1998Mental imagery in reading: A sampler of some significant studies.
Retrieved from http://www.readingonline.org/research/Sadoski.html

Sadoski, M. (2001). Resolving the effects of concreteness on interest, comprehension,
and learning important ideas from teitlucational Psychology Review, 13, 263-
281. doi: 10.1023/A:1016675822931

Sadoski, M. (2005). A dual coding view of vocabulary learnRegding & Writing
Quarterly, 21, 221-238. doi:10.1080/10573560590949359

Sadoski, M., Goetz, E.T., & Fritz, J.N. (1993). Impact of concreteness on
comprehensibility, interest, and memory for text: Implications for dual coding
theory and text desigdournal of Educational Psychology, 85, 291-304.
doi:10.1037/0022-0663.85.2.291

Sadoski, M., Goetz, E.T., & Kangiser, S. (1988). Imagination in story response:
Relationships between imagery, affect, and structural importReading
Research Quarterly, 23, 320-336. doi:10.2307/748045

Sadoski, M., Goetz. E.T., Stricker, A.G., & Burdenski, T.K. (2003). New findings for
concreteness and imagery effects in written composReading and Writing:

An Interdisciplinary Journal, 16, 443-453. doi:10.1023/A:1024235831671



252

Sadoski, M. & Paivio, A. (1994). A dual coding view of imagery and verbal processes in
reading comprehension. In R.B. Ruddell, M.R. Ruddell, & H. Singer (Eds.),
Theoretical models and processes of reading (pp. 582-601). Newark, DE:
International Reading Association.

Sadoski, M. & Paivio, A. (2001)Imagery and text: A dual coding theory of reading and
writing. Mahwah, NJ: Lawrence Earlbaum Associates.

Samuels, S.J. (1970). Effects of pictures on learning to read, comprehension and
attitudesReview of Educational Research, 20, 397-407. doi:10.2307/1169373

San Diego Supercomputer Center. (nR#y.ts of the cell. Retrieved from http://education
.sdsc.edu/download/enrich/cellstudy.pdf

Schmitt, N. & M. McCarthy (Eds.). (199A/ocabulary: Description, acquisition and
pedagogy. Cambridge: Cambridge University Press.

Shand, M. (1993). The role of vocabulary in developmental reading disabilities (Report
No. CS-011-270). Champaign, lllinois: University of lllinois at Urbana-
Champaign. (ERIC Document Reproduction Service No. ED356458)

Shapiro, A.M. & Waters, D.L. (2005). An investigation of the cognitive processes
underlying the keyword method of foreign language learrniagguage Teaching
Research, 9, 129-146.d0i:10.1191/1362168805Ir1510a

Snow, C.E., Burns, M.S., & Griffin, P. (Eds.). (1998)eventing reading difficultiesin
young children. Washington, DC: National Academy Press.

Stahl, S.A. (1991). Beyond the instrumentalist hypothesis: Some relationshipsrbetwee
word meanings and comprehension. In P.J. Schwanenflugel TRelpsychol ogy

of word meanings (pp. 157-186). Hillsdale, NJ: Lawrence Erlbaum Associates.



253

Stahl, S.A. & Fairbanks, M.M. (1986). The effects of vocabulary instruction: A model-
based meta-analysiReview of Educational Research, 56, 72-110.

Stampfer, M.J., Buring, J.E., Willett, W., Rosner, B., Eberlein, K., & Hennekens, C.H.
(1985). The 2 x 2 design: Its application to a randomized trial of aspirin and
carotene in U.S. physiciar@at Med, 4, 111-116.

Stanovich, K.E. (1986). Matthew effects in reading: Some consequences of individual
differences in the acquisition of literadjeading Research Quarterly, 21, 360-
406. doi: 10.1598/RRQ.21.4.1

Thier, M. & Daviss, B. (2002)The new science literacy: Using language skillsto help
students learn science. Portsmouth, NH: Heinemann.

Thomas, N.J.T. (2003). Are theories of imagery theories of imagination? An active
perception approach to conscious mental con@ognitive Science, 23, 1147-
1153. doi:10.1016/S0364-0213(99)00004-X

Trochim, W.M.K. (2006). Factorial desigmResearch Methods Knowledge Base.
Retrieved from http://www.socialresearchmethods.net/kb/expfact.php

Upadhyay, B., & deFranco, C. (2008). Elementary students’ retention of environmental
science knowledge: Connected science instruction versus direct imstructi
Journal of Elementary Science Education, 20, 23- 37.

U.S. Department of Education. (200B|CLB policy. Retrieved from http://www.nclb.
gov/ next/ fags/testing.html

van Hell, J.G. & de Groot, A.M.B. (1998). Disentangling content availability and
concreteness in lexical decision and word translalibeQuarterly Journal of

Experimental Psychology, 51, 41-63. doi:10.1080/027249898391756



254

Weiss, S.L., Robinson, G., Hastie, R. (1977). The relationship of depth of processing to
free recall in second and fourth grad&evelopmental Psychology, 13, 525-526.
doi:10.1037/0012-1649.13.5.525

Wenning, R., Herdman, P.A., Smith, N., McMahon, N., & Washington, K. (2003). No
child left behind: Testing, reporting, and accountability. New York: ERIC
Clearinghouse on Urban Education, Institute for Urban and Minority Education.
(ERIC Document Reproduction Service No. ED480994)

Wilson, M. (1998). Identifying and teaching essential science vocab6Gtiigol Science
Review, 80, 63-66.

Winters, M., Greene, J., & Trivitt, J., (2008uilding on the basics: The impact of high-
stakes testing on student proficiency in low-stakes subjects (Civic Report No. 54.)
New York: Center for Civic Innovation.

Wittrock, M.C., Marks, C., & Doctorow, M. (1975). Reading as a generative process.
Journal of Educational Psychology, 67, 484-489d0i:10.1037/h0077017

Yager, R.E. (1983). The importance of terminology in teaching K-12 sciémg®al of
Research in Science Teaching, 20, 577-588. doi:10.1002/tea.3660200610

Yore, L. (1987). A preliminary exploration of grade five students' science aoheene
and ability to read science textbooks as a function of gender, reading vocabulary
and reading comprehension (Report No. SE-048-151). Washington, DC: Annual
Meeting of the National Association for Research in Science TeachiRiC (E

Document Reproduction Service No. ED282728)



255

Yore, L.D., Bisanz, G.L., & Hand, B.M. (2003). Examining the literacy component of
science literacy: 25 years of language arts and science redetaeiational
Journal of Science Education, 25, 689-725.

Yore, L.D., Craig, M. & Macguire, T. (1998). Index of science reading awaeAes
interactive-constructive model, test verification, and grades 4-8 rekultgal of
Research in Science Teaching, 35, 27-51. doi:10.1002/(SI1C1)1098-2736(199801)
35:1<27::AID-TEA3>3.0.CO;2-P

Yore, L.D., Hand, B.M., & Prain, V. (2002). Scientists as writ8cgence Education, 86,

672-692. doi:10.1002/sce.10042



