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Abstract 

The purpose of this study was to determ i ne 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 st udents who 

parti cipated in more integrated/right brain activities 

would show higher academic achievement . It was further 

pred icted that students who were rjght hemisphere 

preferenced would do better than those who were left 

hemisphere preferenced. 

Two i ntact groups of Biology I students were 

taught the same f o ur - chapter un it on cells , utilizing 

the sam e learning objectives a nd the same tests. Fo r 

the control group , the enab l ing activities were 

des igned to stimulate left hemispheric processes . 

Enabling activities used by the experimental gro up were 

designed to stimulate integrated/right hemispheric 

processes. Both groups were t a ught by the same 

teacher. Both groups were given pretests and post 

tests for each of the four chapters in the unit a nd a 

unit test . Student achievement on these tests was 
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measured a nd compa r e d to see if the two teaching 

approaches ha d sta tist ical ly signi f icant effects . 

The st udents were in g rad es 9 through 12 , ages 14-

17 , enrolled i n th e fir st l eve l of high schoo l biology 

at Wash i ngton High School , Washington , Missouri. 

Since intact g roup s were used , two tests were 

given t o he lp measure th e characteristics of each 

g r oup . Sco tt, Fo r e s man ' s Biology Tes t was used a s an 

indicator of prior knowledge of biology and Torrance ' s 

Style of Learning and Thinking was administered in 

order to determine the he mispheric preferences of the 

students in each group . The tests showed a signif i ca nt 

difference in hem ispher icity . Al t houg h the t est for 

pr ior knowledge d id not show a significant di fference 

between th e t wo gr o ups, the chapter pretests showed 

diffe rences wh ic h led t o t he need fo r usin g an analysis 

of covar iance . 

Enabling ac tivities use d i n the st ud y were 

selected on the basis o f relevance to l earnin g 

objectives and hemispheric processes the activity 

in vol ved . 

An analy sis o f the post test scores of eac h gro up 

sho we d that the ex perim e nta l gro up did not score 

sign ifica ntly h igher than th e control gro up o n a n y of 

the tests . A fu rther analysis showed that there was no 

V 



si gnificant correlation be tween student hemisphericity 

and post test scores. Therefore, both experimental 

hypotheses were rejected . 

Regardless of the rasults of this study , the 

r2searcher fel t th~t there was enough other research o n 

rec ord to indicate tha t students a c tually benefited 

from brain compatible l e3rning opportunities . It would 

seem that the two major factors affecting the results 

of this study were unequal intact groups and th e threat 

of artificial setting. Future studies could be 

carefully designed to overcome these threats and 

limitations . 
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CHAPTER I 

General Description of Area of Concern 

Purpose of Studv 

The purpose of th is study was to address the issue 

of developing hemispherically bal a nced 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 oppose d to participating in left 

hemisphere orien t ed activities. 

Need for Studv 

The ne ed for further investigation of brain 

compatible education was identified as a possible way 

to improve biology instruction after hemispbericity 

tests were g i ve n to students and teachers at Washington 

High School . It wa s determ ined that 64% of the 

students tested were either right brain dominant or 

whole b r ain favor i ng the right . Only 26% of the 

students were left dominant or whole fa vorin g the left . 

On the o ther hand , 47% of the teachers were either left 

dominant or whole favorin g th e left (see Table 1). 
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Res ul ts of Hemisphe r ic Domina nc e Tests 
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Since hemisphericity is a part of a pers o n's 

learning style, these fig ures have ed ucational 

significane (D unn, Cavanaugh, & Zenhause rn, 1982). 

Assuming it i.s more natural for a teacher who is left 

dominant to develop activities involving left 

processes, the learning styles of 64: of the students 

were bein g neglected, to say nothing of the remaining 

36% who also needed stimulation o f the right 

hemisphere. 

Brain Research 

The brain is perhaps the least understood par t 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 resear c h is o f particular importance to the 

educator . It points the way to improvin g learning in 

the classroom. An aspect of brain research t ha t 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 th e 

brain process information. Cl i nical and labora tor y 

evidence suggests that certain human cognitive 

function s dep end predominantely o n either the left or 

r ight hemisphere of the brain (Galin & Ornstein, 1972) . 
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Each hemisphere of the brai n is specialize d fo r a 

parti cu lar type of information processing , Eor which it 

is dominant . Although both hemispheres receive and 

process information , each processes it separately. The 

right hemisphere and the left hemisphere both have 

specialized thi~king characteristics , yet they both use 

high level cognitive modes (Grady & Luecke , 1978) , 

Left hemisphere processes. The left heraisphere 

seems better a t sequential orderin g , analyzing 

essentials , Rnd making direct relationships. It is 

do mina nt in speaking , reading, writing, and simple 

calculation. The left hemisphere processes in a linear 

way and seems related to the ordering of thoughts 

through a linear concept o f time , or a linear 

progression of printed symbols. It seems to excel at 

recognizing a direct r e l ationship or a n association 

with previous experience (Gazzaniga , 1975) . In 

addition to being linear, the left mode is considered 

to be symbolic, sequential, logical , verbal , reality­

based , te mpora l, abstract, analytic, rat ional , 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 th e right hemisphere is in the 
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abstract, tacc.ile , kinesthe tic , and auditory realms as 

wel l as the visual . The ri ght hemisphe r e mode is 

holistic, concrete, r a ndom, intuitive, nonverba l , 

f antasy - oriented, non-temporal , analog i ca l , synthetic , 

nonrational , and spa t ial (Hopkins , 1984) . 

Da ngers o f simplifying . It shou l d be understood 

that this is not a simp le dichotomy . Even though the 

di ffe r e nces in t he specialized abi lities o f e ach side 

a re see n i n th e contrasting contributions each 

hemisphere makes to all cognitive activities , it must 

be r emembe re d tha t to the extent that regi ons a r e 

differ e ntiated, they must integrate their activi t ies. 

The tw o hemispheres do not function i ndependently . 

Each f un ctions simultaneously and contribu t es i t s 

special c apac ities t o all cognitive activities . It is 

i mpossible t o educate o ne hemis phere at a ti me in a 

normal bra in eve n thou g h there is both psychological 

and physiological evidence that people va ry in the 

relative b~lance of activa tion of the two hemisphere s . 

Not e ven thos e wi t h th e most asymmetrical ac tivation 

between hem isphe r es t hink with only the mo re activated 

side . Rat her, th e re is a continuum . These differences 

in act i vati on of t he he mi sph eres are but one of the 

many factors affecting the way we think . Levy (1985) 

and other r esea rchers have expressed much concern over 

the problem o f oversimplificat iaon of these ideas . 
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The neglected right . One aspect of research on 

the brain is t he r ealization by educat0rs that many 

educational appro ac hes are directed o nly to t he left 

hemisphere . It has been proposed that the right side 

oE the brain is sufferin g educational ne gl e c t and that 

studen ts a r e bein g educated lopsidedly (Bo ge n, 1975 ) . 

Webb ( 1983) es tablished t hat a l arge pe rcenta ge of 

students failing school prefer right brain lea rning . 

Integrat ed app roach needed . The goal of the 

classroom teac her should be to integrate the strengths 

of bo th hemispheres so that learning ca n be facil itated 

by promoting com plementary hemis phere interact io n says 

Luvaas - Briggs (1984) . The term integrated / right refers 

to the idea that an in teg r a te d approach is needed a nd 

that in most cases this means more rig h t hemisphere 

processes need to be added t o the c urricu l um . 

Instruct ional stra t egies that integra t e modes fr o m bo th 

hemispheres are needed (R i chards , 1984) . Using 

balanced instructional strat egies is a wa y to r each an 

entir e class of students i n a sit ua t i on whe r e 

individuali z ed instruction is impossible . Ther e a r e a 

numb er of ways t hat a t e acher can stimula te indi v id ual 

students and address their learning styles wh ile still 

meeting the needs of the whole class. Grady ( 1984) 

feels strongly that the integration of the tw o set3 o f 

hemis pheric functions will help balance inst ruction , 
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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 deterilline student 

outcomes . Since current researc h indicates that 

students will do bet ter , 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 usin g two 

different sets of enabling activities . One set of 

activities was designed to stimulate integrated/right 

hemispheric processes while the other set of activities 

was designed to stimulate left processes. Both groups 

we re give n the same pretest and post test for ea ch of 

the four chapters and following the entire unit. 

Hypotheses 

Primary hypothesis: S tudents who participate in 

enabling activities designed to involve both 

hemispheres will show greater achievement by scorin g 

higher on comprehension tests than students 

participating in left hemispheric activities . 
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Secondary hypothesis : Achi e vement o f students who 

have right hemispheric pr efe r ence wil l show hiJhe r 

a chievement than those who are left prefe r enced . 

Summary 

It woul d appear that teacher s a r e able t o inc r ease 

learning in th e class r oom by des i gn in g activi ties that 

stimula te bo t h the l eft and right h emis pheres . 

Teac hers nee d to choose enab lin g· activities caref ul ly 

in order t o h elp giv e the o pp or tun i t y for th e 

sy ne rgisti c a ff ect of utilizing both he~isphe r es . 

study was desi3ned t o measure whether or no t an 

integrated approach can increase learning . 

This 



CHAPTER II 

Re view of the Literature 

Historical Aspects 

Brain asvmmetry. In 1836 a French country doctor, 

Marc Dax, presented a paper outlining his obser vations 

of pat ients suffering speech loss f ollow ing 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 ti:ne, but was one of the first 

indications that the b rain has asymmetry of function . 

For several years scientists a r g ued o ver the idea that 

pa r ticu la r functions could be localized t o specific 

re gions of the brain. In 1961 a young French physician 

named Droca published a paper describing the area in 

the brain that controls speec h . Additional work has 

corroborated his findings and the loca ti o n of this 

region of the brain has becom e known as Broca 1 s area. 

Broca was credited with being the first perso n to brio~ 

to the a ttention of the medial community as a whole the 

asymmetry of the huma n brain , even though there was 

some argument as to whether or not he was aware of 

Dax ' s work (Springer & Deutch , 1981) . 

Cerebral dominance . Follow i ng Broca 1 s publication 

the concept now known as cerebral dom inance be gan to 
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emerge . An English physician , Wigen, had published a 

pape r describing a patient a nd friend who was 

discovered to have only o ne cereb r al hemisphe re. He 

had been neurologically normal i n every o t her respect. 

Wi ge n c onc lude d that if only one hemisphere is required 

t o have a mind, the pr esence oE tw o hemisp heres make 

possible two minds (Restak, 1 932) . I n the 1960s and 

1970s o ther resea r chers , includin g Jacks o n , Wernicke , 

and Liepmann contributed ev idence to the idea that the 

left he misphere has functions not shared by the ri gh t 

and that the left controls purposeful movements as wel l 

as language . For ma ny years it was thou gh t t hat the 

left hemisphere was the maj o r hem isphere, di r ecti ng the 

functio ns of t he minor r i ght he mis phere (Nebes , 19 75) . 

Split brain resea r c h. Theori es of hemispheric 

dominance re mained large l y unt ested unt il brai n 

resea r chers began perfo r min g a procedure to contro l 

ep i lept ic s e izures . They cu t the corpus callosum (a 

tract oE nerve f i be rs , also called the cerebral 

com missure , co nnectin g the t wo hemisphe r e s ) . This was 

commonly referred to as split- brain s ur gery . It 

prevent e d nerve impulses f r om being relayed Erom o ne 

hemispher e to the o ther . William Van Wage nen per formed 

the first commissurotom y (s plit - br a in operations) o n 

hu rna na i n th e early 1940s in an effort t o t rea t 

e pi lepsy. 



11 

The earl iest researchers reported that the 

ope r ation had no detectable effect on behavior . 

However , duri ng the 1950s Roge r Sperr y and his s tudents 

began conduc tin g a nimal studies at the California 

Institute of Technology . It was established that a 

ma in function of the co r pus callosum was t o provide 

com muni ca ti on between the two hemispheres and to allow 

t r ansmission o f memory and learning . Furthermore , it 

was determined that if t he connec tin g ca bl e was severed 

the two brain halves continued to function 

independently (Sperry , 1966) . 

Fu rthe r spli t - brain research on hum ans. During 

the 1960s f urther study on human s ubj ects , referred to 

as s pli t-br a in patients , prov ided further i n formation 

to Sperry and his students , Gazza niga , Levy, and 

others. The commissurotomies were performed by Vogel 

and Bogen aft e r all other remedies for co ntr olli ng 

seizures had failed . The Cal Tech group worked wit h 

these patients. The results of the ir tests revealed 

the separated func t ions of t he t wo hemispheres . S per r y 

concluded that each hemisp he re perceived reality in its 

own way . He studied the diffe ren t ways in whi ch the 

tw o hemispheres process information, as did his 

stud ent, Jerry Levy, in her doctoral studies. Evidence 

o f split-brain studies s ugges ted that both hemispheres 

used high-le vel cogn itive mod e s wh ich, though 
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d~fferent, i~ volve thinking, reasoning , a n d c omplex 

mental functionin g . Scientists continued to find 

evi dence s uppo r t i ng t h i s view (Sperry, 1974) . 

Hemis phe r icity . The he mispher i c model ha s been 

con sidered to be s i g n ificant i n hel pin g educato rs 

understand some of the wo rki ngs of the brain . A basic 

understanding of hem i sphericity is necessar y in order 

t o under s tand the educational im plications . Car l Sa ge n 

( 1977) described how eac h hemisphere of the brain 

specialized i n a diffe rent mode of consciousness . 

Although both hemispheres receive and process 

information, each processes it separately . Th e ri gh t 

and the left he mi sphe re each have speci alized t~i nk ing 

characteristic s . A behavior analys is of the two 

hemispheric modes (Vitale , 1982) s hows t hat the l e f t 

mode spec i alizes in the followin g th i ngs : 

Arranges things in l og i cal order 

Thinks fr om part - to- whole 

Th inks in s ymbols 

Approaches life sequentia lly 

Has reason s for its answers 

Has a good vocabulary 

Deals with real i ty as it is 

Is time oriented 

Can deal with and a ccept abst ract ideas 

Figu res things o ut step by step 
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Uses numbers in co unting 

Draws conclusi ons based on r e ason and logic 

A behavior analysis of the right mode shows that 

it specializes in the f ollowin g activities : 

Thinks from whole - to-part 

Perceives a who le pattern 

Has trouble with seq uencing 

Deals with the concrete 

Learns by doing, touching , moving 

Thinks randomly and not sequentially 

Is intuitive 

Has trouble labeling or naming 

Fantasy- o riented 

Not time oriented 

Sees how parts go together 

Learns through a bsurditie s 

Sees likenesses between things 

Has l eaps of insight 

Deals with imagery and imagination 

Creates from within 

Has difficulty expressing self in words 

Hem i spheric dominance . Normal individuals, that 

is non split - brain patients , use both he mispheres 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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mea ns that is the preferred or stronger hemisphere . It 

is the one which tend s to process most of th e 

information firs t . Rigidity of specialization should 

not be overemphasized a ccording t o Barbara Vitale 

(1982) . The r e is gene r ally a balance between 

hemispheres , with each taking cont r ol of the tasks it 

is best at handli n g. However , a person can be 

identified as r ight brain or left brai n dom i nant . 

Blakeslee ( 1982) emphasizes that even t hough a student 

tends to favor a rig h t or lef t brain appr oach it does 

not mean t hat only th e favored approach should be 

de veloped . The ideal would be to develop both halves 

of the brain and t heir ability to work together. 

Bibemspheric approach . The idea of a holistic , 

integrated, balanced approach has been studied for 

about ten years . Bo~en (1975) seems to have s t arted 

the tr end . As Linda Lu vaas- Br iggs (1984) pointed o ut , 

most educato r s are awa r e of the dominant functions of 

th e right and left hemispheres of the bra i n. I t is 

accepted that the left he mispher e ' s domain is verbal , 

a nal ytical , and r educt ioni s ti c , while the right 

hemisphe r e specializes in imaging , synthesizing , and 

ho listi c thinking . The emp has is in schools has been on 

the development of lef t brain t ypes of skills . She 

states that th e goa l in th e classroom should be to 

integrate the streng ths of bot h hemispheres. Learning 
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can be facilitated th~ough promotin g co mple me ntary 

hemisphere inte ract ion--by offering all students more 

than o ne c ogniti ve a pproach to lear~ing material. 

Grady and Lu ecke (1973) described a synergistic 

mode of consciousness that operated infrequently, but 

pr od uced exciting results . It was a peak experience 

that occurred when intuition and reas o n we re in perfect 

synchronization, sometimes known as the "ahaa" 

expe rience. Th ey said i t was the develo pme nt of the 

previously neglected and underevaluated ri ght 

hemisphere that was the catalyst that produced 

synergistic experiences . The implicat io n for schools 

appeared to be that non linear processes must a lso be 

stressed in the curriculum . 

Grady (1984) further sugges ted that using balanced 

instructi onal strategies wa s a way to reach an entire 

c l ass of students in a si tua tion where individualized 

instruction was impossible. He strongly be lie ve d that 

the integra ti o n of the tw o sets of hemispher ic 

fu nctions would help balance i nstruction, inc r ease 

learning , and provide e f fect ive instructional 

techniques for more students. 

Richards ( 198 4 ) stated that we need instr uc tional 

methods and stra tegies that integ rate mo des from both 

hemispheres . It has been estimated that betwee n two 

and three mi l lio n students in kindergarten thr o ugh 
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grade twelve have predominant l y rig ht brain styles for 

learning . Max Rennels ( 1976) who investigated educable 

mentally handicapped children also conc lud ed that equal 

educational attention should be given t o all facets of 

intellec tual ca pacit y and said that an ur ge nt concern 

for educatio n sho uld be developin g equal qualitles of 

cerebral functioning. 

Bihemispheric research . Grady (1984) found t hat 

classroom teaching- les rn ing techniques was based 

primarily on the linear , seq uential , and analytic 

functions of the left hemisphere of the brain . In 

addition, certain subjects such as rendin g , writing, 

and arithmetic relied heavily on th e left brain 

processes . Resea r ch indicated that equal e@phasis 

s hould be given to m~thods and s ubjects which 

integrated the two sets of he mispheri c function s . 

1. A major study by Nolle r and Pa rn es (1972) 

found that divergent (right brain) pr od uction scores o n 

the SOI (S tructure of Intellect) test significantly 

i ncreased as a result of creativity traini1g . The 

training procedures provided oppo r tunity for the 

stud~nts t o shif t ba ck and forth f r om left hemisphere 

to right hemisphere processing , depending o n the 

demands o f t he task (in te g ratin g processes) . It wa s 

discovered that the left brain (convergent) task 

performance on the SOI also improved significantly by 
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creativity (int egrated) training . These findings 

suggested optimal cognitive f unct i o nin g required 

interdependency between hemispheres . 

2 . In a s t udy conducted by Kraft in 197 6 (cited 

in Rubenz e r, 1982) on six to eight year o l ds engaged in 

3elected "Piagetian" t asks s ho wed that those chi l d ren 

who were both he mispheres ( as indi cated by EEG 

readings) t hrou gho ut al l tasks , perfor med better on 

bo th ver bal and nonverbal activ ities . In other words , 

when t he relative l y nonverbal ri ght he mi sp her e was used 

in processing the verbal task with the left hemisphere, 

µerformanc e was better t han t hose who us ed only their 

left hemisphe re on verbal t a sks. 

3 . In ano ther study Re nne ls (cited in Ruben z er , 

1932) found that stimulatio n of the right hemi sp he re 

processing a lso increased measured intelligence. He 

reported that 60% of the abilities that IQ tests are 

reported to measure were found to involve ri ght 

hemispheric processes . 

4. Zaidel and Sperry cond ucted a study in 1974 

which showed that short term memory , a left hemisphere 

function, was significantly decrease d when 

communication between the two hem i spheres was i mpaired . 

5 . Studies of hemidecorticates (ch i ldren 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 r emoved and the patients with the eight 

hemisphere remo ved. She concluded that eithe r 

hemisphere can provide t he substrate for verbal 

cognitive skills . 

6. Studies conducted by '.farcel, Katz, and Smith 

in 1974 compared good and poor readers . Poor r eaders 

correctly identified more words and al~ost twice the 

number of letters presented to the right hemisphere 

than did good readers. These results indicated 

nonverbal r ight brain involvement in literacy learning . 

7 . Using 20 good readers and 20 poor readers 

Oexle and Zenhausern (1981) found that the good readers 

activated both hem i spheres a l most equally ( n i ne right 

and eleven left); but 17 of the 20 poor read e rs 

indicated a preference f or right brain activation . 

Classroom Implications 

Id entification of s tudents' prefe rences. 

Educators interested in hemispheric preferences will 

want to identify their own students ' preference for 

r ight or left mode thinking patterns . There are 

several ~ethods available . On e such test which was 

validated is Yo ur Style of Learning and Thinking 

(SOLAT) developed by Torrance , Reynolds, Riegel , and 

Ball . Another test was deve loped by Robert Zenhausern, 

the Differential Hemispheric Activation Test . These 
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tests raeas ured hemispheric preference for proc e ssing 

informa tio n, one element o f student learn ing style . 

Lear~in g style was defined by Levy ( 1 983) as the 

pr e ferred illet~od of in trod ucing material , not the type 

of understandi ng a s t udent may have . However Dunn, 

Cavana ug h , Eder le, and Zenh ause rn conducted a st udy 

( 1982) correla t ing lea rnin g style and he misp heric 

preference. Their resu l ts indicated a statistically 

significant correspondence between indiv i dual s tud e nts ' 

learning styles and t he ir hemispheric p r eference. 

In addi t io n t o f o rmalized tests t eachers may use 

observable be haviors to identify hemispheri c 

preference. Barba r a Vitale (1982) developed one s uch 

l ist of 26 be haviors common l y seen in r igh t prefer en ced 

students . Othe r ind i cators o f hemispheric preference 

are e ye do mi nance, ha nd dominance , hand positi o n when 

wr iti ng , muscle t esting body s y mmetry , a n d l ate r al e ye 

movements . 

Curric u l um approaches. Several people have 

de velop ed c ur ricula r approaches that address t he needs 

o f both the r igh t brain an d the left bra in . One 

approa ch was develo pe d by Berni ce McCart hy . It is 

called the 4 MAT Sy stem and con ce nt rate s on teaching 

alternately towa rd t he child's le ft and right brain 

streng t hs . Another approach was desc r ibed by Barba r a 

Clar k ( 1983) . It i s the Integrative Ed uca ti o n Mod el : 
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Using Brain/~ind Rasearch in the Class r oom . She stated 

that integra t ed activities are i~portan t for optimizing 

the learning experience . A third me thod was examined 

by Gl oria McLendon ( 1982) . She described an 

instructional t echnique which can be implemented across 

the c11rriculum to produce holistic thinkers . 

Classroom activities. In developing any 

c urriculum which is going to include ri g ht brain, left 

brain , and integrated activiti e s , teachers need to be 

aware of the types of enabling activities that 

e ncourage each mode. Vita le (1982) , Edwa r ds (1970), 

and Gr ady (1984) have extensively expl3 ined types of 

right brain activities that can be used . Domb r ower 

( 1982) and Richards ( 1984) a lso desc ribe d activ i ties in 

detail . The activities listed in these sources include 

the foll ow in g ideas : 

Wo r k ing at rando~ 

Allo w students to choose own orde r 

Vertical writing 

Scanning 

Looking ove r whol e assignment before starting 

Remembe r ing by v i s ualizing 

Visual ~odels 

Gluing other mate rials onto dittos 

Learning while moving or s t an din g 

Stnging vocabulary words to selE 



Guided imagining 

Brain storming 

Silly mnemonics 

Metaphors--how one t hi ng is like another 

Estimation-- ma~ing sensible guesses 
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Hapatic activities--writing in the a ir , tracing 

numbers 

Total environment ac tivities such as dramatizing , 

role playing, pantomine, sea rchin g for 

something , slow motion 

Teachers need to be aware of the skills associated 

with the specialties of each he misphere (Vitale, 1982) . 

Left hemisphere skillB . 

handwriting locating details and facts 

SJQbols talking and reciting 

language following directions 

reading listening 

phonic s auditory assor.iation 

Right hemisphere skills. 

hapatic awareness 

spatial relationships 

shapes and patterns 

visualization 

color sensitivity 

singing and mu s ic 

art expression 

creativity 

mat hematical computation 

feelings and emotions 

In t egrated or alte r nat i ng. 

pr oblem finding computer graphics 



problem solving 

singing 

poetry 

geometry 

Techniques for the formal reasoni ng stage . 
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Sometimes it is difficult to utilize some of t hese 

methods in highe r level science classes . Eve n though 

much of science is organized ar o und hands- on activi t ies 

many concepts canno t be dealt with in thi s 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 . 

would include divergent thinking , comparison, 

These 

evaluation, synthesis , and analys i s. She suggested a 

problem solving appr oach needs to be included. 

The frontal lobes direct the simultaneous 

fun c tLon ing of the left and right hem ispheres. 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 a n image , 

the laft sid e must transform the i~age so that the 

th i nker can talk about it . At the same time the 

frontal lobes must compare the abstractions with the 

original ima ge (in the right hemisphere) to verify the 

progress , adjusting continually until the final product 

resembles the original intent . 





Chapter Four Cell 5tructu:e.­

=>ost Test 

t . Pa:t o f the cell theo:y states tha~ 
a. new cells arise only f:om old cells o. no two cells 
carry out t he same functions c . all orc3nisms a:e made of 
more than one cell d. 3ome ~nown oroanisms are not mace 
of cell$ -

2. The set of ideas about what a cell ls and how it functions 
ls called the 

a . Vl rchow princ!ole b. Hooke ~~eory c . cell theory 
d. schleiden/Schwann principle 

J. The basic snape of a cell depends on its 
a . age o. color c. function d. size 

4 All cells are alike in that they al l 
a. have nuclei b. have cytoplasm and a cell wall 
c . have the same kind of organelles d. are made of the 
same organic matter 

5. The .human· oody contains 
a. two kinds of cells b. thousands of di fferent kinds 
or cells c . only one ki nd cf cell d. over 100 diff erent 
kinds of cells 

6. The command center of the cell is the 
a. Golgi apparatus b. nucleur c. nucleolus d. ribosome 

7. The energy t hat a cell needs to carry out i ts :unctions is 
stor ed in ATP, whi ch is produced in the 
a. mitochondria b. nucleolus c. nucl eus d. vacuoles 

8. A cell with no nucleus is a 
a. eukaryotic cell b. fungal cell c . protist cell 
d. prokaryot i c cell 

9, A major runction of vacuoles in plant cells is tc 
a. produce chlorophyll b. transport water up the stem 

t .support t he stem and l eaves d. carry on photosynthesis 

10. Ribosomes are found 
a. attached to the Golgi apparatus b. fl oating !n tne 
cytoplasm and attached to the endoolasmic reticulum 
c. only in tne nucl eus a. floating in the cytoplasm and 
attached to the centrioles 

11. The thin, outer boundary of an animal cell is t he 
a. cell emebrane b. cell wall c. endoplasmic reticulum 
d. nuclear membrane 

12. An organelle is a 
a. small part of an organ b. group of tissues wor king 
t ogether c . group of organized c~lls d. structure in 
t he cytoplasm 
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13. The i ns t r uctions t hat teil a ~ell what func:ions to pe r f J:m 
are stored in :he 
a . lysosomes c. cell memb:ane c . Golc;;i aopa:a tu s 
a . nucleus 

!4 . P:otein syncnesis occ urs in the 
a . vauco les b . m.:.crotuoul es c. r ibos ome s d . nucleolus 
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15 . Animal cells have o rganelles called 
a. c entrioles b . chloropl asts c. l eucoplasts d . cell Hal l s 

16. The function of ribosomes is to 
a . synthesize codons o. serve as a me s seng er to the nuc l eus 
c. synthesize proteins d . pr oduce amino ac:ds 

17. Chl~roplasts are f ound in 
a. animal ce lls b . fun~al cells c . moneral cells 
d . plan t cells 

~r.swer questions 18 - 24 using the following ans wer key: 

a. Golg i appara tus 
b. l ysosome 
c . micrcfllament 
d . nucleolus 

e. ri bosome 
t'. endoplasmic retic:.Jlum 
g . mi c rotubules 
h . c hlorop l ast 

16. manufac tures cell prote i n 
19 . assists i n cell movement 
20. help give a cell shape and structure 
21 . produces RNA 
22 . break down foreign material in the cell 
23 . packages and distributes pr o teins 
24. serves as a t ransport ne t ~ork for substa nces i n the cell 

Answer questions 25 - 28 using the followi ng answer key: 

a. anima l cell s 
b . Fungal cells 
c. moneran cells 

d. plant cells 
e . protist cells 

25 . have no n~cleus 
26. have large vacuoles that he lp give support to or ganism 
27 . have an outer cell wa l l made of chi tin 
28 . lack a cell wal l and use microtubules to give cell its shape 



Use t he two d i a grams be l ow to answer questions :9 - 32 

Plan! coll 
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29 . Structure 7 uses the sun 's e nergy to mak e carbohydrat es. 
This structure is a 
a. leucoplas t b. chlo r oplast c . centriole cl. vacuol e 

30. A c el l needs structur~ 3 to 
a . remove wastes b. digest mater i als ~. produce RNA 
d . p r oduce energy 

31. Hereditary infor mation is contained in st ructure 
a. 2 O. A c . 5 d . 6 

32. Cellulose is a main component of structur e 
a . l b . 2 c. 3 d. 4 

For questions 33 - 37 ans wer each choice YES or NO 

33. Cell wall 
a. selectively permeable 
b. encloses a l l parts o f the cell 
c. mace or cellulose 
d . bl ocks -passage of all ffi ater :als 

34. Nucleolus 
a . produces granules ri ch in one kind of RNA 
b. su rrounded by nuclear membrane 
c. site for the assem~ly o f ribosomes 
d . produces ATP 

35. Ribosomes 
a. manufactures pr oteins 
b. stores ~roteins 
c . bound to membranes o f ER 
d. floats freely in cytoolasm 
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36 . Golg i appa r atus 
o . packages orotelns for e x~ort f : om c e l i 
o. removes ~ast es f r cm cel l 
~. d igests food mate: ial s 
d . l ooks l i ke a stack of pancaKe s 

37. Mitochondr i on 
a. an organell e 
b . ;:, roouces ATP 
c . releases energy to t he c e l l 
d . give s suoport to the cel l 

Us e the diagram below to ans~er ques tions 38 - 42 

Animal cell 

38. Structure L6 represents the 

86 

a. cell wall b . cell membrane cytopla sm c. cytoplasm 
d. endoplasmic reti culum 

39. Struc t ur e 17 represents 

40 . 

41. 

42 . 

a. cnloroplast b. endoplasmic reticulum c . mitocnondrion 
d . vacuole 

St r uctu re L8 represents 
a . endoplasmic r eticulum b . golgi appara t us C . mitochondrion 
d. nucleus 

Structure 19 r eoresents 
a. golgi apparatus b . lysosome C. nuc leus d. ribosome 

Str ucture 20 represents 
a. golgi apparatus 0. centriole c. nucleolus d . vacuole 
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C~APTFO ~t~E: 

POST TEST 

l, ~membrane tnrougn whlcn some substances can pass but 
others cannot is called a. cellulose b. permeaole 
c . porous d. select!vel / ~e=~eaole 

~- 1r a cell l s ~laced in a t.y:otonlc solution, aater will tena 
to 01rruse a . into tne cell r aster than it diffuses out 
b. out o f tne ce l l raster than it d1rruses in c. ln and 
out or tne cell at the ~ame :ate o . out of tr.e cell be fo re 
any .ater can olffuse in 

J. A cell placed in an extreme ly nype:tonic solution mi~ht 
a. increase its s ize b. r111 up with water c. sn rlvel 
a . ourst 

4. The airruslon or water through a se lec ti vely permeable 
memorane is a . bulk transpor t o. homeos tasis c. plasmolysis 
a. osmosis 

5. Ourlng cell res pi ration, the energy used to make ATP comes f r om 
a. phosphate molecules b . splitting caroon atoms 
c. breaking the cnemical bonds in glucose d. ~OP 

6. Cell resoiration occurs in t ne a. nucleus b. mitocnondrion 
c. chloroplast d. r ibosomes 

7. Dur ing the light reactions o r photosynthesls, cnl or oplasts use 
the sun's ene r gy to make a . ATP and NAOPH2 o. glucose 
c. pnosphates d. wa te r 

8. Plants caoture tne sun "s ene : gy and use it to make 
a. caroon dioxide b. chlc r opnyll c. glucos e d. water 

9. As the r ate or waste produc:ion inc reases in a cel l, the rate 
or excre tion usually a. dec:eases gradua lly b. stays 
the same c . stops suddenly d. increases 

10. ~nicn state~ent ls an example or homeos:asis? a. a cell 
rorms a pocket a r ound la r ge solids c. glucose creaks down 
lnt o py ruv i c acid c. pvruvic aci d converts t o carbon 
dioxloe ana alcohol d. oxygen enters a damaged cell at 
an Inc r eased rate to help repal r t he cell 

:1. wnlch orocess produces the most AT0 ? 
b. f ermentation c. glycolysls o. 

a. aerob i c respirati on 
plasmolysi s 

12. Cur ing passi ve transpo r t , small molecules pas s th rough a 
selective ly ~ermeable memcrane by a . dif fusion 
b . bulk transpo r t c. phagocy t osl s d. pinocy tosis 
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5post t est 

13. The ability or an or ganism ~o maintain 3 stable internal 
envi:onment ls called a. ~OP- ~TP exc~ange J. glycolysls 
c. nomeostasi s d . respi:at:on 

14. ln the absence or oxygen , some cells get ener gy r:om ca roo­
hydrat es by a. aerooi c resolration b . ohotcs,nthesis 
c. fe r mentation o . active ~ranspc rt 

l5. Homeostasis ls a t rai t of a. • ater c. Living thlngs 
c. oxygen d . glucose 

16. The overall process of cell respiration can be shown by :his 
eauation : ~OP•phosphate.glucose• oxygen-----> carbon ci~xioe• 
- ater • ? . a. lignt J . energy c . chlo rophyll 
d . pyruvic acid 

l 7. Which of the following is t : ue of photosynthesi s? a. occur s 
in all l iving cells o. results in th e proauc:ion or CO2 
and H2o c. releases stored ene:gy f: om sugars d. r esults 
in the production o f glucose ano o2 

18 . The l eaves and stems or plants are ~ept stiff ~Y a. ~lasmolysls 
b . tu r go r c. fertilize r d. pnotosyntnesis 

19. tne process by • hich glucose is broken down l nto alcono l or 
l act ic acid is a. glucolysis b . aerobic respir3tion 
c . fermentation d. pnotosyntnesls 

~O . Curing cell res~iration ~TP is p~ocuced in t~e a. :lbosomes 
o. nucleus c . chloroplast d . mitochondria 

T~UE/FALSE 

21. During dl rrusion , molecules tend :o move from a region or 
lo• concentra t ion to a region or high concentration. 

22 . Cr!orophyll is located in the grana of a chlo rop last. 

23. Turgor nelps keep a plant 3ti~r and upr!ght. 

2A . Fermenta:ion takes place in the pr esence of oxygen. 

COMPLET!ON 

25. Inside organisms, molecules are b roken apart to release 
energy in a process called 

26. The movemen t of materials tnrougn a cell membrane from a 
regi on cf low concentration to a region or nign ccncentration 
ls ~nown as 

27. Photosynthesis takes place in two ~ajor ser l es of reac:ions, 
tne ______ _ reaction and the _______ :eac tlons . 

28, Cells adjust to changes that take place both inside and 
outsioe the cell membrane by using various 
mecnanisms. 

88 



MATCHtNG 

A. ac tive t ransoort 
3. bulk tr ansoo r t 
C. pas sive trans port 

:: ; os ~ :es t 

: 9 . Molecules move f r om a region o f highe r concentra t i on t o a 
: eg i on or l ower conc ent r st ion. 

30 . Protein molecule mignt change shape to channe l mat e r i a l 
thr ough the c ell me mbr ane . 

31 . Cell f orms a pocke t a r ound l arge solids . 

J2. Does not r equi re an inpu t of ene r gy by the ce l l. 

33 . Uses energ1 to move ~ole~ul es against the J :rec t ion of oiffu s ion . 

3A . al lows wnlte olood ce lls to capt ure di seas e- caus i ng bacteria. 

A. 
8 . 

D . 
"-· 

35 . 

36 . 

J7 . 

; 6 . 

ac t ive tran s~ort 
eel l resp i ration 
oul l< t ransoor ;:; 
glyco l ys :. s 
pnotosynt nesl s 

~~~~ 
3r[ ]IT 1I[ 

AC? • Phoseiia.r■ •Glucose..- O"ygen.-t Carbon dioxide + Wlter + Energy 

L1gnt ener91 Chloropnyll 

C1~0n dlo~ld■ • Walt r 1_£-____ ..,.(_. Gluc:o.se + Oxygen + Waler 
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CHAP E ~ 6 l NFOK M;\ TIQtl SiCR.:.G !:: ANO TRANSFER ! ~I CC:Lt_S 

POST iES i 

~- Whi ch prooerty of the ONA mol ecul e ls most imco:tan t in ONA 
reollcation? a. t he molecule fo rms a twisting snaoe 
b . the parts of a nu cl eotide are covalently bonded . 
- · the nitrogen ~as~s al~ays i:air in t he same wa y d . only 
oart of the ONA molecule unwinds a t any on e c ime. 

2 . c,tasine, guani ne, thymine, and adenine are ~he four kinds of 
a. nucleotides in a ONA molecule b. phos oha ce g roups in a 
DNA molecule c. ni t r o gen bases i n a DNA molec ul e d. ONA 
molecules f ound in a ll cells. 

3. DNA control3 cel l f~nction s b y inst : uc ting t~e c el l ca make 
e. nucleotides :>. i:rcteins c . ohosphate3 d . hy~ragen . 

u . i~ree c onsecu tive ~ases in a DNA mo l ecu l e coce far a single 
2 . ami no acid b . enz ym e c. nucleotice d. p:-ote in 
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5. The function of ~essenger KNA is ta a . carr y Fr ee nucleotides 
to the DNA a . ac t as a patte r n for the synthesis of ne~ ~NA 
strands in CNA replication c. breek the hyd=ogen bonds in 

6. 

ONA ta allo~ unw inding far repl i cat ion d . carry in forma t!on 
in DNA from the nucleus to the r ibosomes. 

The function 
DNA message 
acids to the 
~ibosomes 

of the tRNA molecul e is to a . inter~ret the 
b. bring ribosomes to the RNA c . carry amino 
ribosomes d . ca r ry information in ONA to the 

7 . An error in the amino acid sequence of a orctein is a 

8. 

a . mutation b. replication c . transcript.ion d. t :.- ,rnslation 

Proteins are aynthesized a. 
c . on the nuclea r membrane d. 

in the nucleus 
an the tRNAs . 

b . on the ribosomes 

9. Ho ~ many bases are necessary t o code for a protein that consists 
of 100 ami"no acids'? a. .!.O b. 50 c. 100 d. 300 

10. The two divisions that occur during meios i s result i n 
a. f ou r diploid cells b. four monoploid cells c . t1·10 
diploid cells d . two monaploid cells 

MATCHING 
A . DIFFERENTIATION 8 . DNA REPLICATION C. MUTATION E. i ~ANSLAT: ON 
F . TR ANSCRIPTION 

11. process by whicn 3 D:IA mo lecule makes exact copies of itself 
12 . process by whi ch a cell reads codons on 3n mRNA molecule to 

synthesize a protein 
13. process by which a n mRNA molecule is syn thesized from part or 

a DNA molecule 
14. proces s oy which cells develop into different t ypes by "turn ing 

off" certain genes 
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6 post tes: pagz 2 

t a ~dition of a base pair to a ONA molecule 
15. A loss , replacemen , or -- -resul ts in a. an enzyme b. a mutation c . a nucleot i de 

17. 

d. a protein 
By the process ~f aif f erentiation , a . ONA molecules Fo rm 
mRNA molecules b . a DNA molecule makes a n e xact copy of 
itself c. ce l ls develop in to different types by "tur ning 
off" cert

3
in genes d . a cell reads codons on a mRNA molecule 

to synthesi ze a p r o tein 

when a ONA molecu l e replicates 
DNA molecules are ~rocuced b . 
c. two identical ONA mo l ecules 

a. two di ffe rent kinds o f 
a messenger RNA :s produced 
a re produced d. a protein is 

pr oduced 
18. The numbe r of DNA oases that codes Fo r a s ingle amino acid is 

a. two b . three c. Faur d. thirty 

19. The sequence cf bas es in DNA determines a . 
mutations o. the sequence of proteins c. 
am~no ac i ds d . the sequence of ribosomes 

the sequence of 
the sequence of 

2D. The molecule that carries the coded info rmation in DNA f r om the 
nucleus to th e riboso~es is a . t RNA b. DNA c. amino acid 
d. mRNA 

21 . The part of a t RNA molecule that matches up with a codon on 
an mRNA mol ecule is a . amino acid b . protein 
c. ur icil d . ant i codon 

22 . The process by which a cell produces two cel ls wi th identical 
copies or ONA is c a l led a. prophase b. me iosis 
c . i nterphase d. mitosis 

23. The process by whi ch sperm and egg uni t e to form an offsp r ing 
is called a. meiosis b . f ertilization c . differen t iation 
d. monoploio 

MA TCHING 

A. 
E. 

CHROMOSOME 
MEIOSIS F. 

8. TRANSCRIPTION 
MO:-.JOPLOlD 

C . OIPLOIO D. MITOSIS 

24. proces s by which monoploid sex ce l ls fo rm 
25 . st ructu r e in a ce~l c ons isting of a coi l e d DNA molecule ~rapoed 

a round p roteins 
26 , number of chromosomes i n the body cells of an or gani sm 

27. I n DNA , tnymine forms hydr ogen bonds wi th 
b. cytosine c . adenine d . guanine 

28 . In DNA, guanine forms hydrogen bonds with . 
b . cytosine c . adenine d. thymine --

a . uracil 

a. u:.-acil 
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29 . DNA contains the inst ructions for the of amino acids i n 
proteins. a . size b. shape c. sequence d. color 

30 . Comp lemen t ary bases in a ONA mol ec ul e are held together wl t n 
·,,eak chemical fo:ces ca l led bonds . a. cova l en c. ~ - nyd r og<: n 
c. a ivergent ~ - munlcipa l--

31. Sex cells are producec by . a. meiosis b . c yclos:s 
c. mitosis d. cytcplas~ 

32. Anticodons on t RNA ma tch up with complementary on t he 
mRNA during protwin s yn t hesis . a . nucleotiaes""o. su~a r groups 
c . diploid :::ells d . codons 

Use the diag=am bel ow to answer quest:ons 33 ano 34 . 

33. The sides of the doub l e helix shown in l consist of 
a. phosphate and sugar groups b . guanine and phosphate groups 
c. nitrogen base pairs d. phosphates and nitrogen bases 

34. The "rungs" of the double helix sho~n in 2 ocnsist of 
a. sugar groups b. sugar base pairs c. nitrogen base pairs 
d . phosphate and sugar groups 

The numbered structures in the diagram represen t plant cells in 
various stages o f mitosis. us e the diagram t o answer question 35 . 
35. Which sequence of numbered cells correctly illustrates the 

pr ocess of mitosis? 
a. 1 2 3 4 b. 4 3 2 1 c . 1 3 2 4 d. 3 l 2 4 
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