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Abstract

The purpose of this study was to determine any
measureable differences in student academic outcomes
when they participated in activities designed to
involve both hemispheres as compared to when they
participated in activities designed to involve the left
hemisphere. It was predicted that students who
participated in more integrated/right brain activities
would show higher academic achievement., It was further
predicted that students who were right hemisphere
preferenced would do better than those who were left
hemisphere preferenced.

Two intact groups of Biology I students were
taught the same four-chapter unit on cells, utilizing
the same learning objectives and the same tests. For
the control group, the enabling activities were
designed to stimulate left hemispheric processes.
Enabling activities used by the experimental group were
designed to stimulate integrated/right hemispheric
processes. Both groups were taught by the same
teacher. Both groups were given pretests and post
tests for each of the four chapters in the unit and a

unit test, Student achievement on these tests was
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measured and compared to see if the two teaching
approaches had statistically significant effects.

The students were in grades 9 through 12, ages l4-
17, enrolled in the first level of high school biology
at Washington High School, Washington, Missouri.

Since intact groups were used, two tests were
given to help measure the characteristics of each

group. Scott, Foresman's Biology Test was used as an

indicator of prior knowledge of biology and Torrance's
Style of Learning and Thinking was administered in
order to determine the hemispheric preferences of the
students in each group. The tests showed a significant
difference in hemisphericity. Although the test for
prior knowledge did not show a significant difference
between the two groups, the chapter pretests showed
differences which led to the need for using an analysis
of covariance.

Enabling activities used in the study were
selected on the basis of relevance to learning
objectives and hemispheric processes the activity
involved.

An analysis of the post test scores of each group
showed that the experimental group did not score
significantly higher than the control group on any of
the tests. A further analysis showed that there was no
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significant correlation between student hemisphericity
and post test scores. Therefore, both experimental
hypotheses were rejected.

Regardless of the results of this study, the
rasearcher felt that there was enough other research on
record to indicate that students actually benefited
from brain compatible learning opportunities. It would
seem that the two major factors affecting the results
of this study were unequal intact groups and the threat
of artificial setting. Future studies could be

carafully designed to overcome these threats and

limitations.
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CHAPTER T

General Description of Area of Concern

Purpose of Study

The purpose of this study was to address the issue
of developing hemispherically balanced activities to
implement a high school level biology course. It
measured whether or not students demonstrated higher
academic achievement when they participated in
activities designed to stimulate both right and left
brain processes as opposed to participating in left
hemisphere oriented activities.,

Need for Study

The need for further investigation of brain
compatible education was identified as a possible way
to improve biology instruction after hemisphericity
tests were given to students and teachers at Washington
High School. It was determined that 64% of the
students tested were either right brain dominant or
whole brain favoring the right. Only 267 of the
students were left dominant or whole favoring the left.
On the other hand, 47% of the teachers were either left

dominant or whole favoring the left (see Table 1).



Table 1

Results of Hemispheric Dominance Tests
Washington High School

Preference Teachers Students
Left Dominance 4% 3%
Favoring Left 437 237
Whole 97 117
Favoring Right 387 507
Right Dominance A 147

Results of Hemispheric Dominance Tests

Washington High School

N = 53 Teachers (T)

N = 119 Students (3)

T S
Left
Dominance

Favoring
Left

Favoring Right
Whole Right |[Dominance




3

Since hemisphericity is a part of a person's
learning style, these figures have educational
significane (Dunn, Cavanaugh, & Zenhausern, 1982),
Assuming it is more natural for a teacher who is left
dominant to develop activities involving left
processes, the lszarning styles of 64% of the students
were being neglected, to say nothing of the remaining
36% who also needed stimulation of the right
hemisphere.

Brain Research

The brain is perhaps the least understood part of
the anatomy. It has puzzled man for thousands of years
and continues to do so. As the object of such
puzzlement it has become the subject of much research.
Brain research is of particular importance to the
educator. It points the way to improving learning in
the classroom. An aspect of brain research that has
especially captured the fascination of educators is the
split-brain research which has led to the theory of
hemisphericity (Hopkins, 1984).

Hemisphericity. Hemisphericity refers to the

differences in the ways the two hemispheres of the
brain process information. Clinical and laboratory
evidence suggests that certain human cognitive
functions depend predominantely on either the left or

right hemisphere of the brain (Galin & Ornstein, 1972).
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Each hemisphere of the brain is specialized for a
particular type of information processing, for which it
is dominant. Although both hemispheres receive and
process information, each processes it separately. The
right hemispheres and the left hemisphere both have
specialized thinking characteristics, yet they both use
high level cognitive modes (Grady & Luecke, 1978).

Left hemisphere processes. The left hemisphere

seems better at sequential ordering, analyzing
essentials, and making direct relationships. It is
dominant in speaking, reading, writing, and simple
calculation, The left hemisphere processes in a linear
way and seems related to the ordering of thoughts

thirough a linear concept of time, or a linear

progression of printed symbols. It seems to excel at
recognizing a direct relationship or an association
with previous experience (Gazzaniga, 1975). In
addition to being linear, the left mode is considered
to be symbolic, sequential, logical, verbal, reality-
based, temporal, abstract, analytic, rational, and
digital.

Right hemisphere processes. The right hemisphere

seems to be better at simultaneous patterned thinking
and integrating parts into wholes, ©Often this has been
associated with the visual, but goes far beyond that,

The patterning of the right hemisphere is in the
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abstract, tactile, kinesthetic, and auditory realms as

well as the visual. The right hemisphere mode is

holistic, concrete, random, intuitive, nonverbal,
fantasy-oriented, non-temporal, analogical, synthetic,
nonrational, and spatial (Hopkins, 1984).

Dangers of simplifvine, It should be understood

that this is not a simple dichotomy. Even though the

differences in the specialized abilities of each side
are seen in the contrasting contributions each
hemisphere makes to all cognitive activities, it must
be remembered that to the extent that regions are
differentiated, they must integrate their activities.
The two hemispheres do not function independently.
Each functions simultaneously and contributes its
special capacities to all cognitive activities. It is
impossible to educate one hemisphere at a time in a
normal brain even though there is both psychological
and physiological evidence that people vary in the
relative balance of activation of the two hemispheres.
Not even those with the most asymmetrical activation
between hemispheres think with only the more activated
side, Rather, there is a continuum. These differences
in activation of the hemispheres are but one of the
many factors affecting the way we think. Levy (1985)
and other researchers have expressed much concern over

the problem of oversimplificatiaon of these ideas.
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The neglected right. One aspect of research on

the brain is the re=alization by educators that many
educational approaches are directed only to the left
hemisphere. It has been proposed that the right side
of the brain is suffering educational neglect and that
students are being educated lopsidedly (Bogen, 1975).
Webb (1933) established that a large percentage of
students failing school prefer right brain learmning.

Integrated approach needed. The goal of the

classroom teacher should be to integrate the strengths
of both hemispheres so that learning can be facilitated
by promoting complementary hemisphere interaction says
Luvaas-Briggs (1984). The term integrated/right refers
to the idea that an integrated approach is needed and
that in most cases this means more right hemisphere
processes need to be added to the curriculunm.
Instructional stratezies that integrate modes from both
hemispheres are needed (Richards, 1984). Using
balanced instructional strategies is a way to reach an
entire class of students in a situation where
individualized instruction is impossible. There are a
number of ways that a teacher can stimulate individual
students and address their learning styles while still
meeting the needs of the whole class. Grady (1984)
feels strongly that the integration of the two sats of

hemispheric functions will help balance instruction,
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increase learning, and provide effective instructional
techniques for more students.

Problem to be Studied

This project addressed the issue of developing
hemispherically balanced activities for a high school
level biology course in order to determine student
outcomes. Since current research indicates that
students will do better, learn more when both
hemispheres are involved in learning, the purpose of
this project is to corroborate the research, Two
groups of Biology I students were taught the same unit,
following the same learning objectives, but using two
different sets of enabling activities. One set of
activities was designed to stimulate integrated/right
hemispheric processes whils the other set of activities
was designed to stimulate left processes. Both groups
were given the same pretest and post test for each of
the four chapters and following the entire unit.

Hypotheses

Primary hypothesis: Students who participate in
enabling activities designed to iavolve both
hemispheres will show greater achiasvement by scoring
higher on comprehension tests than students

participating in left hemispheric activities.
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Secondary hypothesis: Achievement of students who
have right hemispheric preference will show higher
achievement than those who are left preferenced.
Summary

It would appear that teachers are able to increase
learning in the classroom by designing activities that
stimulate both the left and right hemispheres,
Teachers need to choose enabling activities carefully
in order to help give the opportunity for the
gynergistic affect of utilizing both hemispheres. This
study was designed to measure whether or not an

integrated approach can increase learning.




CHAPTER TI
Review of the Literature

Historical Aspects

Brain asvmmetry. In 1336 a French country doctor,

Marc Dax, presented a paper outlining his observations
of patients suffering speech loss following brain
damage. He concluded that each half of the brain
controls different functions and that speech is
controlled by the left half. The paper aroused no
interest at the time, but was one of the first
indications that the brain has asymmetry of function.
For several years scientists argued over the idea that
particular functions could be localized to specific
regions of the brain. In 1961 a young French physician
named Broca published a paper describing the area in
the brain that controls speech. Additional work has
corroborated his findings and the location of this
region of the brain has become known as Broca's area.
Broca was credited with being the first person to bring
to the attention of the medial community as a whole the
asymmetry of the human brain, even though there was
some argument as to whether or not he was aware of
Dax's work (Springer & Deutch, 1931).

Cerebral dominance. Following Broca's publication

the concept now known as cerebral dominance began to
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emerge. An English physician, Wigen, had published a
paper describing a patient and friend who was
discovered to have oaly one cerebral hemisphere. He
had been neurologically normal in every other respect.
Wigen concluded that if only one hemisphere is required
to have a mind, the presence of two hemispheres make
possible two minds (Restak, 1932). In the 1960s and
1970s other researchers, including Jackson, Wernicke,
and Liepmann contributed evidence to the idea that the
left hemisphere has functions not shared by the right
and that the left controls purposeful movements as well
as language. For many years it was thought that the
left hemisphere was the major hemisphere, directing the
functions of the minor right hemisphere (Nebes, 1975).

Split brain research. Theories of hemispheric

dominance remained largely untested until brain
researchers began performing a procedure to control
epileptic seizures. They cut the corpus callosum (a
tract of nerve fibers, also called the cerebral
commissure, connecting the two hemispheres). This was
commonly referred to as split-brain surgery. It
prevented nerve impulses from being relayed from one
hemisphere to the other. William Van Wagenen performed
the first commissurotomy (split-brain operations) on
humans in the early 1940s in an effort to treat

epilepsy.
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The earliest researchers reported that the
operation had no detectable effect on behavior.
However, during the 1950s Roger Sperry and his students
began conducting animal studies at the California
Institute of Technology. It was established that a
main function of the corpus callosum was to provide
communication between the two hemispheres and to allow
transmission of memory and learning. Furthermore, it
was determined that if the connecting cable was severed
the two brain halves continued to function
independently (Sperry, 1966).

Further split-brain research on humans. During

the 1960s further study on‘human subjects, referred to
as split-brain patients, provided further information
to Sperry and his students, Gazzaniga, Levy, and
others. The commissurotomies were performed by Vogel
and Bogen after all other remedies for controlling
seizures had failed. The Cal Tech group worked with
these patients. The results of their tests revealed
the separated functions of the two hemispheres. Sperry
concluded that each hemisphere perceived reality in its
own way. He studied the different ways in which the
two hemispheres process information, as did his
student, Jerry Levy, in her doctoral studies. Evidence
of split-brain studies suggested that both hgmispheres

used high-level cognitive modes which, though
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different, involve thinking, reasoning, and complex
mental functioning. Scientists continued to find
evidence supporting this view (Sperry, 1974).

Hemisphericitv. The hemispheric model has been

considered to be significant in helping educators
understand some of the workings of the brain. A basic
understanding of hemisphericity is necessary in order
to understand the educational implications. Carl Sagen
(1977) described how each hemisphere of the brain
specialized in a different mode of consciousness.
Although both hemispheres receive and process
information, each processes it separately. The right
and the left hemisphere each have specialized thinking
characteristics. A behavior analysis of the two
hemispheric modes (Vitale, 1982) shows that the left
mode specializes in the following things:

Arranges things in logical order

Thinks from part-to-whole

Thinks in symbols

Approaches life sequentially

Has reasons for its answers

Has a good vocabulary

Deals with reality as it is

Is time oriented

Can deal with and accept abstract ideas

Figures things out step by step
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Uses numbers in counting

Draws conclusions based on reason and logic

A behavior analysis of the right mode shows that
it specializes in the following activities:

Thinks from whole-to-part

Perceives a whol2 pattern

llas trouble with sequencing

Deals with the concrete

Learns by doing, touching, moving

Thinks randomly and not sequentially

Is intuitive

Has trouble labeling or naming

Fantasy-oriented

Not time oriented

Sees how parts go together

Learns through absurdities

Sees likenesses between things

Has leaps of insight

Deals with imagery and imagination

Creates from within

Has difficulty expressing self in words

Hemispheric dominance. Normal individuals, that

is non split-brain patients, use both hemispheres of
the brain by means of the corpus collosum, but one side
may be used more than the other. For instance, a

person might have a dominant right hemisphere, which
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means that is the preferred or strongar hemisphere. It
is the one which tends to process most of the
information first. Rigidity of specialization should
not be overemphasized according to Barbara Vitale
(1982). There is generally a balance between
hemispheres, with each taking control of the tasks it
is best at handling. However, a person can be
identified as right brain or left brain dominant.
Blakeslee (1982) emphasizes that even though a student
tends to favor a right or left brain approach it does
not mean that only the favored approach should be
developed. The ideal would be to develop both halves
of the brain and their ability to work together.

Bihemspheric approach. The idea of a holistic,

integrated, balanced approach has been studied for
about ten years. Bogen (1975) seems to have started
the trend. As Linda Luvaas-Briggs (1984) pointed out,
most educators are awares of the dominant functions of
the right and left hemispheres of the brain., It is
accepted that the laft hemisphere's domain is verbal,
analytical, and reductionistic, while the right
hemisphere specializes in imaging, synthesizing, and
holistic thinking. The emphasis in schools has been on
the development of left brain types of skills, She
states that the goal in the classroom should be to

integrate the strengths of both hemispheres. Learning
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can be facilitated through promoting complementary

hemisphere interaction--by offering all students more
than one cognitive approach to learning material,

Grady and Luecke (1973) described a synergistic

mode of consciousness that operated infrequently, but
produced exciting results. It was a peak experience
that occurred when intuition and reason were in perfect
synchronization, sometimes known as the "ahaa"
experience. They said it was the development of the
previously neglected and underevaluated right
hemisphere that was the catalyst that produced
synergistic experiences. The implication for schools
appeared to be that nonlinear processes must also be
stressed in the curriculum.

Grady (1984) further suggested that using balanced
instructional strategies was a way to reach an entire
class of students ian a situation where individualized
instruction was impossible. He strongly belisved that
the integration of the two sets of hemispheric
functions would help balance instruction, increase
learning, and provide effective instructional

techniques for more students.

Richards (1984) stated that we need instructional
methods and strategies that integrate modes from both

hemispheres. It has been estimated that between two

and three million students in kindergarten through
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grade twelve have predominantly right brain styles for
learning. Max Rennels (1975) who investigated educable
mentally handicapped children also concluded that equal
educational attention should be given to all facets of
intellectual capacity and said that an urgent concern
for education should be developing equal qualities of
cerebral functioning.

Bihemispheric research. Grady (1984) found that

classroom teaching-learning techniques was based

primarily on the linear, sequential, and analyvtic

e

functions of the left hemisphere of the brain. In

F

addition, certain subjects such as reading, writing,
and arithmetic relied heavily on the left brain
processes. Research indicated that equal emphasis
should be ziven to methods and subjects which
integrated the two sets of hemispheric functions.

1. A major study by Noller and Parnes (1972)
found that divergent (right brain) production scores on
the SOI (Structure of Intellect) test significantly
increased as a result of creativity training. The
training procedures provided opportunity for the
students to shift back and forth from left hemisphere
to right hemisphere processing, depending on the
demands of the task (integrating processes). It was
discovered that the left brain (convergent) task

performance on the SOI also improved significantly by
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creativity (integrated) training. These findings
suggested optimal cognitive functioning required
interdependency between hemispheres,

2. In a study conducted by Kraft in 1976 (cited
in Rubenzer, 1932) on six to eight year olds engaged in
selected "Piagetian" tasks showed that those children
who were both hemispheres (as indicated by EEG
readings) throughout all tasks, performed better on
both verbal and nonverbal activities, In other words,
when the relatively nonverbal right hemisphere was used
in processing the verbal task with the left hemisphere,
performance was better than those who used only their
left hemisphere on verbal tasks.

3. In another study Rennels (cited in Rubenzer,
1982) found that stimulation of the right hemisphere
processing also increased measured intelligence, He
reported that 607% of the abilities that IQ tests are
reported to measure werzs found to involve right
hemispheric processes,

4, Zaidel and Sperry conducted a study in 1974
which showed that short term memory, a left hemisphere
function, was significantly decreased when
communication between the two hemispheres was impaired.

5. Studies of hemidecorticates (children who had
to have one brain hemisphere removed to control

convulsions) reported by Maureen Dennis (1980) showed
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no basic differences in IQs between patients with the
left hemisphere removed and the patients with the right
hemisphere removed. She concluded that either
hemisphers can provide the substrate for verbal
cognitive skills.

6. Studies conducted by Marcel, Katz, and Smith
in 1974 compared good and poor readers. Poor readers
correctly identified more words and almost twice the
number of letters presented to the right hemisphere
than did good readers. These results indicated
nonverbal right brain involvement in literacy learning.

7. Using 20 good readers and 20 poor readers
Oexle and Zenhausern (1931) found that the gonod readers
activated both hemispheres almost equally (nine right
and 2leven left); but 17 of the 20 poor readers
indicated a preference for right brain activation.

Classroom Implications

Identification of students' preferences.

Educators interested in hemispheric preferences will
want to identify their own students' preference for
right or left mode thinking patterns. There are
several methods available. One such test which was
validated is Your Style of Learning and Thinking
(SOLAT) developed by Torrance, Reynolds, Riegel, and
Ball. Another test was developed by Robert Zenhausern,

the Differential Hemispheric Activation Test. These
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tests measured hemispheric preference for processing
information, one eleament of student lzarning style.
Learaing style was defined by Levy (1983) as the
preferred method of introducing material, not the type
of understanding a student may have, However Dunn,
Cavanaugh, Ederle, and Zenhausern conducted a study
(1982) correlating learning style and hemispheric
preference. Their results indicated a statistically
significant correspondence between individual students'
learning styles and their hemispheric preference.

In addition to formalized tests teachers may use
observable behaviors to identify hemispheric
preference, Barbara Vitale (1982) developed one such
list of 26 behaviors commonly seen in right preferenced
students. Other indicators of hemispheric preference
are eye dominance, hand dominance, hand position when
writing, muscle testing body symmetry, and lateral eye
movements.

Curriculum approaches. Several people have

devaloped curricular approaches that address the needs
of both the right brain and the left brain. One
approach was developed by Bernice McCarthy. It is
called the 4MAT System and concentrates on teaching
alternately toward the child's left and right brain
strengths., Another approach was described by DBarbara

Clark (1983). It is the Integrative Education Model:

i
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Using Brain/Mind Research in the Classroom. She stated
that integrated activities are important for optimizing
the learning experience. A third method was examined
by Gloria McLendon (1982). She described an
instructional technique which can be implemented across
the curriculum to produce holistic thinkers.

Classroom activities, In developing any

curriculum which is going to include right brain, left
brain, and integrated activities, teachers need to be
aware of the types of enabling activities that
encourage each mode. Vitale (1982), Edwards (1970),
and Grady (1984) have extensively explained types of
right brain activities that can be used: Dombrower
(1982) and Richards (1984) also described activities in
detail. The activities listed in these sources include
the following ideas:

Working at random

Allow students to choose own order

Vertical writing

Scanning

Looking over whole assignment before starting

Remembering by visualizing

Visual models

Gluing other materials onto dittos

Learning while moving or standing

Singing vocabulary words to self




with

Guided imagining

Brain storming

Silly mnemonics

Metaphors—--how one thing is like another

Estimation--ma%ing sensible guesses

Hapatic activities--writing in the air, tracing
numbears

Total environment activities such as dramatizing,
role playing, pantomine, searching for
something, slow motion

Teachers need to be aware of the skills associated

the specialties of esach hemisphere (Vitale, 1982),

Left hemisphere skills.

handwriting locating details and facts
symbols talking and reciting
language following directions
reading listening

phonics auditory association

Right hemisphere skills.

hapatic awareness singing and music
spatial relationships art expression

shapes and patterns creativity

visualization mathematical computation
color sensitivity feelings and emotioans

Integrated or alternating.

problem finding computer graphics
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problem solving poetry
singing geometry

Techniques for the formal reasonine stage.

Sometimes it is difficult to utilize some of these
methods in higher level science classes. Lven though
much of science is organized around hands-on activities
many concepts cannot be dealt with in this manner,
Virginia Johnson (1985) suggested that older students
who are in the formal reasoning developmental stage can
be stimulated by concentrating on the higher level
thinking skills that occur in the frontal lobes. These
would include divergent thinking, comparison,
evaluation, synthesis, and analysis. She suggested a
problem solving approach needs to be included.

The frontal lobes direct the simultaneous
functioning of the left and right hemispheres. They
combine, compare, and synthesize images until the
thinker comes up with a solution. If the insight to a
problem appears in the right hemisphere as an image,
the left side must transform the image so that the
thinker can talk about it, At the same time the
frontal lobes must compare the abstractions with the
original image (in the right hemisphere) to verify the
progress, adjusting continually until the final product

resembles the original intent.
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L3, The instructions that teil a cell what functiions to perfarm
are stored in the
a. lysosomes 0. c=2ll memb-ana c. Golgi apparatus
d. nucleus

i4, Protein synthesis gezurs in the
a. vaucoles b, microtucules c. ribosomes d. nucleolus

15. Animal cells have crganellss czalled
a. centriocles b. chloroplasts c. leucoplasts d. cell walls

ls. The function 2f ribosomes is ta
3. synthesize codons 0. serve as 3 messeanger to the nucleus
C. synthesize proteins d. procuce aming acids

17. Chloroplasts are found in
a. animal cells b. fungal cells =. moneral cells
d. plant cells

Answer guestions 18 - 234 using the following answer key:

a. Golgl apparatus 2. ribosome

0. lysosome f. endoplasmic reticulum
¢, microfilament g. microtubules

d. nucleolus h. chloroplast

18. manufactures cell protein

19. assists in cell movement

20. nhelp give a cell shape and structure

2l. produces RANA

22. break dcwn foreign material in the cell

23. packages and distributes proteins

24, serves as a transport netwark for substances in the cell

Answer gquestions 25 - 23 using the following answer key:

a. animal cells d. plant cells
b. fungal cells e. protist cells
c. magneran cells

25. have no nucleus

26. pave large vacuoles that help give support to organism

27. have an outer cell wall made of chitin

28, lack a cell wall and use microtubules to give c2ll its shape



Use the two diagrams talgw to answer guestions 29 - 32

31.

32.

For

33.

4.

35.

Plant cell 1 Anmimal cail

Structure 7 uses the sun's anergy to maxe carbchydrates.
This structure is a
a. leucoplast b, cnhloroplast c. centriole d. vacuols

A cell needs structur2 3 to
a. remave wastes b, digest materials c. produce RNA
d. produce energy ”

Hereditary infarmation is contained in structure
g8, 2 b W e ¥ g B

C=llulgse is 3 main component of structurs
a. 1 b. 2 8. 3 d. &

questions 33 - 37 answer each choice YES or NO

Cell wall

a, selectively permeable

5. encloses all parts of the ceall
c. made of cellulose

d. blocks passage of all materials

Nucleolus

a. produces granules rich in one kind of RNA
b. surrounded by nuclear memorane

c. site for the assembly of ribosomes

d. produces ATF

Ribosomes

a. manufactures proteins

b. stores proteins

c. bound to membranes of ER
d. floats freely in cytoplasn




el
o

37.

Use

3a.

39.

40.

al.

k2¢

Golgi apparatus

3. packages proteins for export from cell
0. remgves wastes frem cell

2. digests food matercials

4. looks like a stack of pancaxes

Mitochondriaon

a. an crganelle

5, oaroduces ATP

c releases energy to the cell
gives support to the cell

Qar

the diagram below to answer questions 38 - 42

Animal ceil

Structure 16 represents the
a. cell wall b, cell membrane cytoplasm ¢. cytoplasm
d. endoplasmic reticulum

Structure 17 represents
a. chloroplast b. endoplasmic reticulum ¢. mitochondrion
d. wvacuole

Structure 18 represents
a. endoplasmic reticulum b. golgi apparatus c. mitochondrion
d. nucleus

Structure 19 resporesents
a. golgi apparatus b. lysosome c. nucleus d. ribcsome

Structure 20 represents
a. golgi apparatus b. centriole c. nucleolus d. vacuole
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CHAPTFS FIVE: FUNCTIGN OF CELLS
POST TEST

 membrane through which sgme substances can pass but
others cannot is called a. cellulose b. permeadle
c. porous d. selectively sermeabdle

If a cell is placed in a hypotanic solution, water will teng
to giffuse a. into the call faster than it giffuses out
5. out of tne cell faster than it diffuses in c. Iin and
osut of the csll at the same rate J. out of the cell before
any water can glffuse in

A cell placed in an extremely hypertgnic salution might
a. Lincrease its size 5, fLll up with water c. snrivel
d. burst

The giffusiaon of water through a selectively permeable
membrane is a. bulk transport ©O. homeostasis c. plasmolysis
d. osmosis

puring cell respiration, the energy used to make ATP comes from
a. phosphate molecules 5. splitting carbon atoms
c. breaking the chemical bonds in glucose d. ADP

tell resplration occurs in the a. nucleus b. mitochondrion
¢c. chloreplast d. rtibosomes

During the light reactions of photosynthesls, shloroplasts use
the sun's energy to make a. ATP and NADPH2 0. glucose
¢. phosphates d. water

pPlants capture tne sun's energy and use it to make
a. carbon cdioxide Db. chlerophyll e. glucess d. mater

As the ratas of waste preduction increases in a cell, the rate
of excretion usually a. decreasss gradually ©D. stays
the same <., Steops suddenly d. lIncreases

Which statement is an example of homenstasis? a. a cell
forms a pocket around large solids b. glucose breaks down
into pyruvic acid C. pvruvic acid converts to carbon
dlioxlge and alconcl d. oxygen anters a damaged cell at

an increased rate to nelp repalr the cell

Wnich process produces the nost ATP? a. aercbic respiration
5. fermentation C. glycolysis d. plasmolysis

puring passive transport, small molecules pass through a
selectively cermeable memprane by a. diffusion
b. bulk transport ¢C. phagocytosis d. pinocytoslis




spest test

i3.

i7.

The ability of an grganism to maintain 3 stable internal
environment i{s called a. AOP-ATP exchange 5. glycolysis
€. nomaostasis d. respiratian

In the sbsence of oxygen, some cells gst energy from carbo-
hydrates by a. aeroolc respiration 5. photssynthesis
¢c. fermentation d. active transpcrt

Homeostasis is s trait of a. water ©o. living things
c. oxygen d. glucose

The overall process of cell respiration can be shown by this
sguaticn: ADPsphosphatesglucosesoxygen----- > carbon gicxides
mater+_? . a. light Bb. energy <. chlaraophyl!l

d. pyruvic acid

which of the following is true of photosynthesis? a. occurs
in all living cells b. results in the procuction of Cdp

and Ho0 c. releases stored energy from sugars d. results
in the production of glucose and O;

The leaves and stems of plants sre kept stiff Sy a. plasmolysis
b. turgor e. fertilizer d. photasynthesis

the process by which Elucnse is broken down into alconol or
lactic acid is a. glucolysis b. aerobic respiratioen
¢. fermentaticn d. photasynthesis

During cell resgiration ATP {s procuced in the a, ribosomes
b. nucleus ¢. chloroplast d. nitschendria

TRUE/FALSE

21,

22,
23.

24,

During diffusion, molecul=s tend to move from a regiaon of
low concentration to a region of high czoncentraticn.

Chlsrophyll is lecated in the grana cf 3 chloroplast.
Turgor helps keep a plant stiff and upright.

Fermentation takes place in the presence of cxygen.

COMPLET [ON

25.

25,

inside organisms, molecules sre oroken apart to release
energy in a process called .

The movement of materials tnrough a cell membrane from a
reqion of low concentration to a region of nigh ccncentration
ls known as 2

Photosynthesis takes place in two major series of reactlions,
the reaction and the reactiaons.

Cells adjust to changes that take plsce both insice and
gutsioce the cell membrane oy using various
mechanisms,

-



MATCHING

A.
g2.
c.

9.

r

30.

51.
32.
33.

34,

Mo x
s 0n .

el
i

35.

37.

38,

active transgort
bulk transport
passive tramsport

Molecules move from a regicn af nigher concentratlion tg a
region of lower concentration.

erotein malecula mignt change shage to channel matzrial
through the cell membrane.

cell forms a pocket around largs sgllids.
Joes not require an input of enmergy DYy the cell.
Uses energy o mave molecules against the zirectian of giffusion.

allows wnit2 olood cells to capture disaase-causing bacteria.

active transport
gell respiration
pulk transpor:
glycolysis
photosyntnesis

P L L)
::K:i:z:: ::]i}gjz:: ::Z::g:i::
ACP - Phosghate + Glucoss + Oxygen—— Carton dioxide + Water + Energy

Light energy Chioraphyll

Cardan dionide + Water Glucose + Oxygen + Water
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CHAPTZR & INFORMATION STCRAGE AND TRANSFER IN CELLS

POST

TEST

Whnich property of thne DONA molecule is most important in DNA
replication? a. the molecule Forms a twisting snape

8. the parts of a nuclactide are caovalently banded.

=. the nitrogen cases always pair in the same way d. anly
part of the ONA mplecule unwinds at any one time.

Cytosine, guanine, thymine, and adenine ares thea four kinds of
a. nucleatides in a ONA molecule Db. phospghate groups in s
CNA molecule @&. nitrcgen bases in a DNA melzaculs d. ONA
molecules found in all cells.

3. DONA contrels cell functions by instructing tha cell to make
3. nucleotides b. protzins c¢. ohosphatss d. hydrogen.

4. Three cgnsescutive pasas in a OMNA molecule ceoce for a singls
a. amino aci B. enzyme ¢c. nucleotice d. prootein

5. The functicn of wmessenger RANA is to a, carry free nuclegtides
to the ONA ©o. act as a pattern for the synthesis of new ONA
strands in ONA replication ¢. bresk the hydrogen bonds in
DNA to allew unwinding for replication d. «carcy infermation
in DNA from the nucleus to the riboscmes.

6. The functicn of the tRANA molecule is to a. Iinterpret the
ONA message b. bring ribosomes to the RNA <. carry amino
acids to the riboscmes d, carrcy informatian In ONA to the
ribosames

7. An error in the amino acid sequence of a prctein is a
a. mutation b, replication c. transcription d. translation

8, Proteins are aynthesized a., in the nucleus 0. on the ribcsomes
¢. on the nuclear membrane d. on the tRNAs.

9. Hew many bases are necessary to code for a protein that consists
cf 100 amipo acids? a. 10 b. 50 ¢. 100 d. 300

10. The two divisions that occur during meiosis result in
a. four diploid cells b. four moncploid cells c. two
diploid cells d. two monoploid cells

MATCHING

A. DIFFERENTIATION 8. DNA REPLICATION C. MUTATION E. TRANSLATICN

F. TRANSCRIPTION

1l. process by which a DMNA molecule makes exact copies of itself

12. process by which a cell reads codons on an mMRMA molecule tao
synthesize a protein

13. process by which an mRNA molecule is synthesized from part af
a DNA molecule

14, process by which cells develop into different types by "turning

off" certain genes

-




& post test pagz2 2 =

A lgss, replacement, oOF addition of a bases pair to a ONA molecule

e

: results in a, an enzyme Dh. a mutation c. @& nucleotide
d. a protein

14, By tha process of gifferentiation, 3. ONA molecules form
mRMA molecules Bb. 2 ONA molscule makes an 2xact copy of
itself c. cells develop inta different types Dy "turning
of f* certain genes d. a cell reads codons on a mMRNA molecule
tog synthesize a protein

17. when a DNA molecule replicates a. two different kinds of
aNA moleculess are oroguced b. a messenger ANA Is produced
c. two identical DNA molecules are producea d. 3 proteln 1s
preduced

18. The number of DMA Dases that codes for a single amino acic is
a. +two ©0O. thres C. four d. thirty

~ N a .

19. The ss=quence cf bases in OMA determines a. the seguence or
%utatigns o. :the ssquence af proteins C. the seguence OT
amino acids d. the seguence of ribosomes

20. The molecule that carries the coded information in ONA from the
guclﬁgzntn the ribosomes is a. tRNA b. DNA c. amino acid

21. The part of a tRANA molecule that matches up with a codon on
sn mMRMA molecule is a. amino acid b. protein
c. wuriecil d. anticodon

22, The process by which a cell produces two cells with identical
copies of DMA is called a. prophase b. meiosis
c. interphase d. mitosis

23. The process by which sperm and egg unite to form an offspring
és callsdl La. meiosis b. fertilization ¢, differentiation
. monoploid

MATCHING

A. CHROMOSOME 8. TRANSCRIPTION C. DIPLOID O. MITOSIS

€. MEIOSIS F. MONOPLOID

24, process by which monoploid sex cells form

25, structurs in a cell consisting aof a coiled DNA molecule wragoed
around proteins

26. number aof chromosomes in the body cells of an grganism

27. In DMA, thymine forms hydrogen bonds with . a. uracil
b. cytosine c¢. adenine d. guanine

28. In DNA, guanine forms hydrogen bonds with : a. uracil

b. cytosine c. adenine d. thymine



3.

32.

Use

33.

34.

DNA contains the instructions for the of amino acids in
praoteins. a. size b. shape c¢. sequance d. color

Complementary bases in a DNA molecule are neld together witn
weak chemical forces called bands. a. covalent b. nydregen
¢. dlvergent 2. nmunlcipal

Sex cells are produced by . a. meiosis b. cyclesis
c. mitosis d. cytoplasm

Anticodons on tRANA matcn up with complementary on the
MRANA during protuwin syntheslis. a. nucleotioges ©o. sugar groups
c. diploid c2lls d. codons

the diagram below to answer guestions 33 and 34,

The sides of the double helix shown in 1 consist of
a. phosphate and sugar groups b. guanine and phosphate groups
c. nitrogen base pairs d. phosphates and nitrogen bases

The "rungs" of the double helix shown Iln 2 acnsist of
a, sugar groups b. sugar base pairs c. nitrogen base pairs
d. phosphate and sugar groups

The numbered structures in the diagram represesnt plant cells in
various stages of mitosis. Use the diagram to answer question 35.

35.

which sequence of numbered cells correctly illustrates the
process of mitosis?
a. 1 234 Bs &3 3 ] e. 1324 do 3224




BIBLIOGRAPHY

Best, C. T. (Ed.) (1985)., Hemispheric function and
collaboration in the child. Orlando, FL:
Academic Press, Inc.

Blakeslee, T. R. (1982). Brain behavior research. In
Student learning styles and brain behavior (pp.
185-191). Reston, VA: National Association of
Secondary School Princpals.

Bogen, J. E. (1975). Some educational aspects of
hemispheric specialization. UCLA Educator, 17(2),
24-32.

Clark, B. (1983). Growing up gifted. Columbus, OH:
Charles E. Merrill Publishing Co.

Dennis, M. (1980). Language acquisition in a single
hemisphere: Semantic organization. In D, Caplan
(Ed.), Biological studies of mental processes.,
Cambridge, MA: The MIT Press.

Dombrower, J. (1982), Teaching both sides of the

brain. Glendora, CA: Glendora Unified School
District. (ERIC Document Reproduction Service No.
ED 239 961)

Dunn, R., Cavanaugh, D. P., & Zenhausern, R. (1982).
Hemispheric preference: The newest element of
learning style. The American Biology Teacher,

44(5), 291-194.

Edwards, B. (1970), Drawing on the right side of the
brain. Los Angeles: J. P. Tarcher, Inc.

Galin, D. (1976). Educating both halves of the brain.
Childhood Education, 61, 17-20,

Galin, D., & Ornstein, R. (1972). Lateral
specialization of cognitive mode: An EEG study.
Psycho-physiology, 9, 412-418,

Gazzaniga, M. (1975). Review of the split brain. UCLA
Educator, 17(2), 9-13.

Grady, M. P. (1984). Teaching and brain research. New
York: Longman, Inc.




94

Grady, M. P., & Luecke, E. A, (1978). Education and
the brain Phi Delta Kappan Fastback 1083,
3loomington, IN: Phi Delta Kappa Foundation.

Hopkins, R. L. (1984), Educating the right brain. The

Clearing House, 58(3), 132-134,

Johnson, V. R. (1985). Concentrating on the brain.
Science Teacher, 52(3), 32-36.

Levy, J. (1983). Research synthesis on right and left
hemispheres: We think with both sides of the
brain. Educational Leadership, 40(4), 66-71.

Levy, J. (1985). Right brain, left brain: Fact and
fiction. Psychology Today, 19(5), 38-44.

Luvaas-Briggs, L. (April, 1984). Some "whole brain"
activities for the community college reading
class. Journal of Reading, pp. 644-649,

Manikas, W. T. (1983). Holistic Teaching. Louisville,
KY: National Convention of the Association for
the Improvement of Community College Teaching.
(ERIC Document Reproduction Service No. ED 237
155) .

Marcel, T., Katz, L., & Smith, M, (1974). Laterality
and reading proficiency. Neurospychologia, 12,
131-139,

McCarthy, B. (1980). The 4MAT system: Teaching to
learning styles with right/left mode technigues.
Oakbrook, IL: Excel,

McLendon, G. M, (1982). Exploring the research
concerning left hemisphere/right hemisphere

cognitive processes. (ERIC Document Reproduction
Service No. ED 223 541).

Nebes, R. (1975). Man's so-called minor hemisphere.
UCLA Educator, 17(2), 13-16.

Noller, P. B., & Parnes, S. J. (1972), The creative
studies project. The Journal of Creative

Behavior, 6(1).

Oexle, J., & Zenhausern, J. (1981). Differential
hemispheric activation in good and poor readers.
International Journal of Neuroscience, 15, 31-36.




95

Rennels, M. R. (March, 1976). Cerebral symmetry: An
urgent concern for education. Phi Delta Xappan,
pp. 471-472,

Restak, R. M. (1982). The brain. In Student learning
styles and brain behavior (pp. 159-172). Reston,
VA: National Association of Secondary School
Principals.

Richards, R. G. (1984). Innovative right brain
teaching techniques. Washington, DC: Annual
Convention of the Council for Exceptional
Children. (ERIC Document Reproduction Service WNo.
246 632)

Rubenzer, R. L. (1982)., Educating the other half:
Implications of left/right brain research.
Reston, VA: The Council for Exceptional Children.
(ERIC Document Reproduction Service No. 234 473)

Sagan, C. (1977). The dragons of Eden: Speculations
on the evolution of human intelligence. New York:
Random House, Inc.

Segalowitz, S. J., & Gruber, F. A. (Eds.) (1977).
Language development and neurological theory. New
York: Academic Press.

Sperry, R. W. (1966). Brain bisection and
consciousness. In J. Eccles (Ed.), Brain and
conscious experience, 2nd edition. New York:
Harcourt Brace Jonanovich.

Sperry, R. W. (1974). Lateral specialization in the
surgically separated hemispheres. In F. O.
Schmitt & G. G. Worden (Eds.), The Neurosciences
Third Study Program. Cambridge, MA: MIT Press.

Springer, S. P., & Deutch, G. (1981)., Left brain,
right brain, San Francisco, CA: W. H. Freeman
and Co.

Torrance, E. P., Reynolds, C. R., & Ball, 0. (1977).
Your style of learning and thinking, Forms A and
B. The Gifted Child Quarterly, 21(4), 563-573.

Vitale, B. M. (1982). Unicorns are real. Rolling
Hills Estates, CA: Jalmar Press.




—

96

Webb, G. M. (April, 1983). Left/right brains,
teammates in learning. Exceptional Children, pp.
42-51.

Wheatley, B. H. (1977). The right hemisphere's roles 1in
problem solving. Arithmetic Teacher, 25(2), 36-

38.

Zaidel, E., & Sperry, R. W. (1974)., Memory impairment
following commisurotomy in man. Brain, 97, 263-
272,

Zenhausern, R. (1982). Education and the left
hemisphere. In Student learning styles and brain
behavior (192-195). Reston, VA: VNational
Association of Secondary School Principals.




