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A FARLE FOR EDUCATORS
Blizabeth Jones

University of Wisconsin

Once upon a tlme, when the world was very small and
standardization was very "big", shoemakers from all over
the world assembled to discuss their mutual problems of
rising costs and diminishing returns. As they talked, they
realized that drastic changes were needed to lmprove the
efficiency of thelr factorles. The most sagaclous of these
tobblers medltated for several days and then offered hils
wisdom to the consortlum.

"Gentlemen," he began. "We have been proceeding in
exactly the wrong direction, For centurles cobblers have
struggled to make shoes to fit all shapes and sizes of feet,
We have assumed that since no two palrs of feet are allke,
1t was our job to produce a perfect fit for every foot.
Bvery year there are more feet to fit, and every year there
s a demand for new models. We have trled to meet these
demands, but we are falling behind,

"I propose, Gentlemen, that henceforth, we will make
one shoe model for all feet: one slze, one color, one style,
Think of the benefits, Fellow Cobblers. Our production costs
will drop as a result of decrezsed speclallzation; our in-
come will rlse because population i1s boomlng. Soon all of
us will be ranked among the corporate glantsi®

The slmpliclity and logic of his ldea stunned the as-
semblage for a moment; then the shoemakers rushed for the
exlts, tripping over each other 1n thelr haste to set thls
fantastic plan 1n motlon.

Within days, the first of the standardized shoes were
offered in the marketplaces of the world. Withln a year,
few reminders of the cobblers' past inefficlency were to be
found outside of museums. The feet of the world were not
over Joyed, but who listens to feet?
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Some feet could not fill the shoes. They slid and
shuffled along, stopplng frequently to attend to their
wounds, hoping no one would notice them, They were unable
to step forward with confidence lest they fall out of their
shoes. These feet became lmown as underachievers,

Other feet were so cramped by the shoes that thelr
stride was hobbled. XNo one noticed thit they were hurting,
and no one cared that thelr steps grew shorted and shorter.
Few of these feet reached thelr destination--only those who
were particularly determined bothered to try. They wanted
to do so many things, but the shoes confined them. They
were called "gifted" feet,

There were some feet which fitted the shoes perfectly
and thege feet were contented--until they found that there
was no room for growth., These feet were labeled average.

From each of these groups there were some feet who
ran away from thelr shoes. These feet were drop~outs; and
the feet who refused to wear any shoes iIn the first place
were labveled nonconformists and they gave up thelr rights
to walk in places where feet without shoes were unacceptable
or.uncomfortable,

Then one day = fast-talking politician from Toningwash
felt a twinge in his bunion and Jolt of imspiration. "That's
1t1" he shouted to his feet, "I have just figured out a way
to keep my seat in the senate, I'll build a campalgn around
shoe restraints. I'1ll organige reform groups, speclal 1nter-
est groups-~and commlttees; we'll need lots of committees.
Boy, wlll this thing snowball! Who could vote agzlnst feet?”

Our astute senator outlined his idea to =z senate coumit-
tee, and soon the whole country was talking about his reform
bl1ll. The senator was re-elected and his bill bhecame a law.
At last feet would be given recognition and assistance,

Actlon began at once, Underachieving feat were all put
into yellow shoes. Gifted feet were all put inte red shoes.
Average feet were all put into brown shoes. Drop-out feet
were allowed to remain in niding, and non-conforming feet
were put lnto sandales.

The feet were bewlldered by all of the fuss. "Doesn't
anyone understand that nothing has changed"? walled an under-
achiever, "Why can't we have shoes that fit us™?
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The sandal~clad feet paused, walting. There was no
answer, so0 the sandal~clad feet walked slowly toward the
communae, !

1811zabeth Jones, "4 Fable For Educators," The Gifted
Chlld Quarterly 21 ( Spring, 1977 }: 109-110,




INTRODUCTICON

The foregoing fable casts much doubt on some elements
of the instructional process. All children cannot fit in
the same shoe size Just as all children cannot learn the
same things at the same rate, following the same teaching
strategies. These individual differences should be taken
into consideration,

The situation is not at all helped by attaching labels
to the students. Children are not cows that we herd from
one grade to another, all needing the same nutritional re-
gquirments. They should be compared more to various specles
of plants., Some may be like the cactus which only needs
water once a month, and too much water would kill it. Other
plants may need watering every day. Likewlse, all students
are individuals and have many different needs.

The problem to be examined here concerns the "gifted
feet" which were put into the "red shoes™, The word "gifted",
in referring to students, seems to imply that these students
are all geniuses, and, therefore, the term needs some clari-
fication. For the purpose of this paper, the term "gifted" is
broadened to also include the "talented" and/or "highly moti-
vated"., For the sake of simplicity, the term "talented" will
be used throughout the rest of this paper, but with the under-

standing that the other two terms are included in the meaning.

4
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Through experience in teaching in four different school
systems, by talking with other teachers, and by research, 1t
seems as though many educational systems, do not provide
enough, if any, enrichment materials for talented students in
high school blology. Some schools do, however, allow these
students to take some courses a year earlier than they would
normally. On the whole, 1t 1s assumed that these youngsters
are put in with the "brown" shoes, the "yellow" shoes, and
the "sapdals", They are asked to do the swuae thlazs g he
other students, which usually Involve taking notes from a
lecture on a chapter, answering questions about the chapter,
outlining the chapter, filling out ditto sheers about the
chapter, and so on. Thilg is not to suggest that anything is
wrong with these tasks for those who need them, They are very
good methods to encourage students to study. Repetition can
alsoc be very good for learaing. However, 4t cam be noted
that +talented students may not need all this repetition in
order to learn and may view these tasks as "busy work". It ..
could be argued that we are boring them to the point that they
may, in fact, be making lower grades doing repetitious work
rater than using this time more wisely.

Talented students in sclence may posess the followlang
characteristics:

1« They =are strongly and sincerely motlvated toward

learning and achieving in sclence.
2, They are able to work well independently 1ln the

laboratory, library, and czalssroon,
%« They are curious zbout phenomena,
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They are very 1nterested in getting answers to
questions suggested by thelr work and thelr teschers,
They ask many questlons,

They are stlmulated by problem solving approaches

to learning.

They relate well to thelr peers and elders.

. Many have long term goals well established.®

-3 O
L

Some talented students, in science, may exhiblt zll of these
characteristics, whlle others exhiblt only a few. Talented
students wlll also exhiblt these characteristics to varying
degrees bhecause 2ach 1s an 1ndividual.

It appears that in our vast concerms for helping the
poor learner, we have actually stifled the talented student.
The talented student 1s simply not belng motivated, and 1s
not belng taken to the helght of hlis potentizal. Surely, they
wlll survive, for they always have, However, 1t 1s our Job
as educators to encourage the talented student to pursue hls
interests, and to move 2head as far and as fast as 1s within
his capabllities.

Upon having deflned this problem area, the next loglecal
step 1s conslidering what steps might allevlate the problem.
One possible solution 1s implementing Mastery Learning Unilts
as enrichment activities for these talented students. Mastery
learning 1s a method im educatlion which is capable of prow
viding successful and rewarding learning experlences to almost
all students. James H, Block wrete:

Magtery learning enables 75 to 90 percent of the stu-
dents to achleve to the same hlgh level as the top 25

2Milton Kopelman, Vincent G. Galasso, and Pearl Strom,
"4 Model Program for the Development of Zreativity in Solence.™
The Gifted Child Quarterly 21 (Spring, 1977): 80-83,
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percent learning under typlcal group~based instructicnal
methods, It also makes student learning more efficlent
than conventlional approaches. Students learn more material
in less time, PFinally, Mastery Learning produces markedly
greater student Interest in a%d attitude toward the sublect
than usual classroom methods.

It 1s belleved by many educators that there have been few
recent ldeas which have produced such dramatic effects on stu-
dent learning than has mastery learning., The assumption of
mastery learning,quoted: ebove, is a positive one, whereas,
in traditional sducation, the assumption 1s thought to be
negative, Bducators in the past have assumed that many stu-
dents will fail. This negative assumption by traditional ed-
ucation 1s most often symbolized by the "normal distribution”
or the "bell curve”, Block says that because of this negative
outlook, "schools continue to provide successful and rewarding
experiences for only about ome-third of our learners'!.4 He
says that we should no longer allow two=-thirds of our stu-
dents to go through twelve long years of unrewarding school
experiences, Such negative experiences limlt an individual's
chances for future economic survival and security. Negatlve
experiences in scheool can affect an individual's psychological
well-belng. Block says that there 1s evlidence to indicate g

strong correlatlon between a student's history of school

learning success and fallure and his personallity development.,

3James H., Block, ed., Mastery Learning-Theory and Practiwe
(New York: Helt, Rinehart an WinsT_TJon, nci:i” T971); Desds

4Ib1d., Pola



He contlinues by saying that the contlnual humillation and
flustration for many students promote =2 negative self-concept
and possibly contribute to mental helth problems.

It 1s suggested in this paper that Mastery Lezarnlng
Units can be successful in encouragling the talented students
to excel 1n their interests and capabilities. The 1intent
of thls paper is to show how enrlichment actlivitles and
centers can be easlily lmplemented 1n the blology currlculum
by the use of Mastery Learning Units, In so doing, only one
mzstery unit will be included for the purpose of demongtraw
tion. It is suggested that teachers wrlte the unlts that
they will be using for thelir students. This would allow
thelr units to fit their own particular objectives, as well
as the needs and 1lnterests of their students.

The topic of the unit will be "Entomology", and would
take a talented student no more than six weeks to complete
as an enrichment activity. The time, of course, to finish
the module would depend upon how much in-depth study the
student wanted to allocate to the subject.

Entomology is the part of blology which deals with the
study of insects, This subject was chosen not only because
of the author's own interest, but because very few pages are
allocated to these animals In high school blology books.
Three-fourths of all known animal species are insects, They
are extremely 1mportant =zs they affect us all, Some lnsects

are beneficial whlle others are harmful,



The apartment dweller may eat honey or wear silk which
are obtained from the work of insects. At home we are con-
tinually trying to get rid of ants, roaches, and flies. While
working in our yards, we are constantly belng attacked by
mosquitoes and knats. Harmful insects cause more than = blle
lion dollars worth of damage per year in the Unlted States a-
lone, They injure forests, farm crops, flower gardens and
lawns, stored foods, and other property. ©Some cause disease
to man ag well as other animalsg, In order to control thewe
pests, we need to learn about their habits, their 1life cycles,
and their physiological characteristics,

Many lnsects are beneflicial, They are essentlal in cross
fertilization of many plants. Others are beneficial because
they help control other harmful insects. Some are useful 1in
cleaning up the dung and dead bodles of animals and 1n reducing
the remains of dead plants and trees, Insects are also extremew
1y important 1n our food chain, By studylng insects, it 1s
posslble that we may dilscover new and better ways that insects
can serve man,

The implementation of Mastery Learning Unlts in a courge
guch as blology would be feasible because of the nature of the
course itself, Blology 1s not so much involved with "gteps" in
learning as is mathmatics. For example, in mathmatics, one
presumably has to learn how to add before learning to divide
or multlply, However, in biology, one could learn about mame

mals before learning about microorganisms, Therefore, it would
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seem that blology enrichment actlvities for the talented could
@aslly be 1ncluded in the standard school currlculum 1n the

form of iIndlvidual Mastery Learning Units,



DEFINITIONS

1. ZEntomology: the study of 1lmsects,

2, Individualized Instruction: "an instructional system which
provides for the planning and implementation of an individ-
uallized program of studles, Thls system can be tallored to
each student's learnlng needs and hls characterlstlcs as
a learner that can facilitate hls acquisitlon of new skills.">
Pegegy House says that individuallzatlon must adeguately proO-
vide curricular and instructional alternatives so that each
gstudent _.can increase to 2 maximum, his or her learning and
growth.6

3, Instructional Packazes: modules which contaln a varlety of
materials which reiate to a specific concept and are designw
ed to facllitate a chenge in lourning behavior., "Instrucw-
tional packages develop students' abllitles to follow di=-
rectlons, complete tasks, self assess themselves and learn
independently, "7

4, Learning Station: "small areas of tables that house specl-
Tic reiatgd materlais and resources related to a glven cur=-
riculum.”"” The station would ideally include workbooks,
books, tapes, fllms, and other teacher-organized 1ltems,
(dittos, fllmstrips, photographs, slides, etc.)

5. Master% Iearning: a method of learnlng and teachlng whilch
claim to lnsure that almost all students can succeed in
school 1f teachers wlll glve them all the help they need,
enough time to learn, small unlts to work with, formative
evaluation and alternate learning materlals,

5John Bolvin, "Individually Prescribed Instruction,"
Individualized Instruction and Learning, ed. Madan Mohan and
Ronald B. Hull {Chicago: Nelson-Hall %o., 1974, p. 124.

5Peggy A, House, "Individualizatlon-What is 1t Reallyt",
Sclence Teacher 44{Jan, 1977): 20=-21,

TRita Dunn and Kenneth Dunn, Practical Approaches to In-
dividualizing Instruction: Contracts and Other ectlve Teach-
Ingssfrategies (Rew York: Parker PublTEHing COsp, INCa, 197§§q
Pw -

81b1d., p. 69

11
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Mini-Units self-contalned instructional packages which
attempt to individualize learning by enabling the student
to proceed through the materlal wlth little outslde help,

Talented Students: astudents who display an extraordinary

capablilty for learning and/or students who may display

a high degree of motivatlion. Talented students show a
high degree of lndependence, curlousity, ablllity to get
along with others, and usually have well established long
term goals,



REVIEW OF RELATED LITERATURE

Introduction

In reviewing the literature, 1t became apparent that
there are three maln areas that are relevant to the problem
of developlng enrichment actlvitles for talented students in
blology. The assumption can be made that talented students
do 1ndeed have speclal problems that other students may not
encounter. However, in thls paper the dlscusslion wlll focus
on the problem involving the lack of enrichment activitles
for these talented sztudents.

4fter having researched the problem of the lack of enrichm
ment activlities for the talented, 1t 1s suggested that indli-
vliduallzed instruction could be an answer in solving this
problem, There are many methods of individuzlizing instruction
which can be used. Some of these methods are discussed briefly
in thils sectlon.

0f the many posslble ways of solving the problem of the
lack of enrichment actlvities for the talented, Mastery Learn-
ing Units were selected as possible ways to provide such en-

richment aotlvitles.

13
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Problems of Talented Students

Now he llkes to multiply.
"How do you do long divisiont"
"How do you find square roots?"
“What's the formula for free falling bodies?"
"How many zeros in a googleples?'
He hates math at school

Does she know he recognizes school buses by thelr sound?
s8ome of their windshield wlpers go up.
Some of them go down.
And the telephone poles are not all ailke
Some have three extensions. Some have seven,
And there's one on Manchester that's hugell
And that's odd---
Because 1t's made of wood.
Most that size are steel,

I don't know what Chip's teacher would do
If she new him like I do,

She's right,
He does need to soclallze

But he's making progress here,
Oubd scouts-=-=blke riding,

He wants to be just llke hls friends
Doesn't want to stand out or be odd,

Maybe he prefers to play the game at gchool
Of learning two plus two.
Whlile at home
He'll roam
Through books
To satlsfy his thirst,

Wlill he ever learn to llsten

When he already knows what 1s belng taught?
Will he ever discover a teacher can teach

And schools are for learning-NOT
For using up all of hls preclous time 7?9

9Tne Gifted Child Quarterly 21 (Spring, 1977): p. 112.
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The poem quoted above describes some of the problems that
talented students may have., They may have problems in soclallz-
ing with other students, They don't want to be different from
the other students, although they know that they are., They
may go through the motlons of learning that all the other stu-
dents go through even though they already know what 1s being
taught. Lastly, teachers are wasting thelr precious time.

Rita and Kenmeth Duan suggests that talented students -
should not be restrained until peers reach the level of academ=
ic ability of the talented student, They say it is the school's
regponsibility to help each child reach his maximum potential,
"If teachers restrict (and we should be encouraging) superior
youngsters from advancing more rspldly than the "average" chilé-
&vsn,we are, in fact, stlifllng talented ané intellectual stu-
dents."!'? They suggest the use of modular units as one means
which would allow these students to pursue toples of interest.
Oberteuffer says there is 2 need for a varibility in the
biology programs to accomodate for the differences of the stu-
dents needs, interests, and abilities,''

Studlies have indicated that talented students are ready
and willling to make use of thelr talents 1n areas of interest
to them, Sig Abeles atates, "What has happened and still hap~

pens in a number of instances, 1s that the climate surrounding

;ODunn, Practical Approaches to Individuallizing Instructilon,
P. 128,

"1t B, Oberteuffer, "Science Course Structures: Some
New Approaches to Leirning." in Individualizing learning Through
Modular~Flexible Programming, ed. Gaynor Petrequin (New York:
McGraw~a111, Inc. 3§§Bi, P. 118~130,
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these youngsters has elther been non-supportive or even nega-
tively disposed toward allowing them to pursue thelr areas of
interest."!2 He says that sclence teachers should determine
the attitudes of persons lnvolved in the educational process
toward the problems of talented students. If thelir attitudes
are negative, sclience teachers should try and modify thelr
thinking. If thelr attltudes are positive, then science
teachers should move ahead in providing for the specilal needs
of talented students.

There have been some effortg in alleviating these pro-
blems., Some teachers have attempted self-pacing within a
course with varing degrees of success. However, this method
usually lasts no longer than a year at the most. The concept
of modular units have 2l1so been trled at the sécondary sclence
level. Abeles states, "Whlle these programs have not been
developed speclfically for gifted youngsters, they can be
used to provide materials of interest to them at an earlier
time in the sclence sequence.“13 He goes on to suggest that
the enrlchment of the sclience nrogram could be accomplished
by adding mini~courses or full courses that would not normally

be encountered in the science sequence. He says that, “"en-

richment activitles have demonstrated a degree of usefulness

in helplng gifted youngsters achleve theilr potential."14

7231§ Abeles, "Sclence Education for the Gifted and
Talented,” The Gifted Child Quarterly 21 (Spring, 1977): 75-80.

YBrvtd., p. 79.

%4114,
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Individualized Instruction

The term "individualized instruction” has been abused
through the years by educators. The authors of "Studles on
Individualzed Instruction in Blology", define an indlviduallzed
program as one which has at least four of the followlng five
characterlstlcs,

1+ Students are permitted and encouraged to proceed

through lnstructlonal material at a pace commensurate

wlth thelr interests and ablllitles.

2. Heavy emphasls 1s placed on self~ilnstructionsl ap=
prozches.

3. Students select learning activities which prepare
them to master a2 set of lnstructional objlectlves.

4, Students determine the amount of time devoted to
studylng materlal and how thisg time wlll be allo-
cated,

5. The role of the teacher 1s that of "advisor" and
"facllitator" rather than "informatlon giver".15

These authors also zagree that there 1ls a need for varibllity
in the blology programs to accomodate for the differences of
the students' needs, interests, and abilitles.

We as teachers have dligy®s notlced the differences in
individual students. We have notlced differswaes in thelr
mental and physical abllitles, thelr interests, and thelr
talents, On the whole, however, we contlnue to teach to the
group as though 21l students learn at the same rate and as
though 2ll are interested in the same subject matter, HRecent-

ly, there have heen some changes 1n varlous school systems,

15Joel Mintzes et al., "Studies on Individualized In-
struction in Bilology", School Sclence and Mathmatics T6
{December, 1976): 675-686.
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Individuzlized 1nstruction differs from traditional in-
struction in many ways. Jack Edling says that in traditional
instruction, "student learning experlence are group oriented,
teacher paced, and scheduled at a time convenlent to the
teacher and the school".'® In contrast, individualized in-
struction 1s orlented toward the child.

There are various ways in which individualized instruction
can be implemented. Indlvlidually dlagnosed course of sgtudy,
Independent study, and instructional packages are the three
methods of individualizing instruction which will be discussed.

Individually Prescribed Instruction, (IPI), is & program
under recent investigation in education, The essential com~
ponents of the program are as follows:

1. sequentually established curricular objectives in
gach area stated in behavioral terms;

2. a procedure and process for diagnosis of student
achlevement in terms of objectives of the curriculum
and the proficlency level deslired for each student
and each objective;

3+ the necessary materlals for 1ndividuzlizing learning
to provide a varlety of paths for attainment of
magtery of any given objective;

4. a system for individually prescribing the learning
tasks the student is ready to undertake;

5. the organizatlion and management practice of the
total school envirmment to facllitate individuali-
zation; and

6. strategies for continuous evaluation mnd feedback
of information for teacher declsion-maklng as well
as Information for continuocus evaluation of the cur-
ricula for curriculum developers,!

16Jack V. Edling, Individualized Instruotion: A Manual
for Administrators, ?Oregon: 5regon state University Dept.

of Printing) p. 1.

17John Bolvin, "Individually Prescribed Instruction.”
Individualized Instruction and Learning, ed., Madan, Mohan

and Eonzld K., Hull (Chicago: Nelson-Hall Co., 1974) p. 124.
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Another way in which individualized instruction may be
implemented 1s through independent study. ©Paul Torrance
states that, "since much continued learning is likely to be
through independent study, such study should be the most power-
ful instructional tool in helping young people acquire %the
motivation and skill for continued learning."18 Gaynor
Petrequin says that "through independent study the pupll
learns responsibllity for he must choose how to use hls un-
scheduled time."'? One of the greatest advantages of using
independent studies in a2 c¢lass 1s that the student enrolls
for the best reason, He 1s interested in the subject and
wants to learnm.

Instructional packages are another means of individuali~
zing instruetion. Instructional packages are units or modules
which contain a2 variety of materlials which relate to a specific
concept and are often seguential. By the very nature of the
modular unit, they are epeclalized and lndividual Dunn says
that individualization of lesrning by instructidénal packages
"provide extensive opportunity for students selection and ex~
ploration of materials based on interest, the establishment of
either teacher-or student-selected goals, selfpacing and in-

dividual leveling."?? Instructional packages differ from

"1BPau1 Torrance, "Independent Study as an Instructional
Tool”, Individuslization of Instruction-A Teaching Strategy,
ed. Virgil M., Howes (New York: The Macmllllan Gompany, 19¥0)
Pe 211=213,

19
Gaynor Petrequin, ed., Individualizing Learning Through
Modular-Flexible Programming {(New YOTrk: NCGraw~Hlill, IBCa, %1 68)
P. 1X,.

20Kenneth Dunn and Rita Dunn, Educators' Self-Teaching
Guide to Individualizing Instructlonal Programs (West Nyack,
New York: Parker Publishling Company, IAC., 1975) DP. 28,
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programmed learning because they are leas structured and per-
mit optilons and alternative learning procegsses. The teacher
can be in control of what the student learmns only if she
desligns the package.

Bducatlional research has lndicated that some learners
from nurgery school to greduate school require a great deal
more structure than others. Some students may not have the
dicipline or self-motivation that is necessary to pursue
learning by themselves over an extened perlod of time. Dunn
suggests that an instructional package may be useful to a
talented gtudent for the following reasons:

1. An advanced student able to cope wilth new concepts
or gkills independently, may work well ahezd of his
reers through the use of thls method. He need not
walt to learn until either the teacher c¢an work with
him individually or the resat of his peers catch up,.
He also need not learn on "grade level".

2. An interested student may learn more about a given
toplc, concept or skill at the moment in time when
he wants to, not when the teacher 1 able to get to
the subject.21

As stated previously, there have been varying degrees of
success in the implementation of individualized programs in the
achools. &udrey Grissom repoyrted that Annandale Hlgh School
began in individualized program for blology in 1971. She says

that based on data collected before the new program and com-~

paring it wilth data collected after the program was implemented,

21punn, Practical Apvroaches to Individualizing Instruction,
Do 20,
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there was a 43% increase in the number of A's and B's re=-
celved by the students at the close of the 1975 school year,
Only one student out of 240 falled to recelve a passing
grade»22

There are many factors involved 1n the success or fallure

of any educatlonal program. %aribles such as teacher lngenul-
ty, patlence, attitude, personality, and perseverence, as well
as adminlistrative and community support, =all play a part in
determining the amount of success of new programs, Jack
Edling says the following observatlions have been made by

thogse persons who have had experience 1n implementing individ-
uzlized lnstructlonal programs within the school system:

1. Little evldence has been provided to lndlicate that
individualized procedures work more effectively at
achleving skills than do tradlitional group orlented
procedures,

2. Although many persons believe that indlvidualized
procedures are necessary for achieving obJectlves
related to motivation toward learning, to the learner's
self-concept and development as a person, there is

1ittle evlidence to support these bellefs,

%« Some evidence has been documented which support
individualized instruction becauge there se=msg to

be less disciplinary problems assoclated with attention,

boredom and disinterest.

4, Evidence indicates that some persons have difficulty
adapting to individualized procedures which requfre
them to assume additional respomsibility for their
education, Evidence suggests that individuals with
intellectual, emotional, and/or motivational deficien-
cles are most inclined to experience difficulties,

5. There 1s evidence to suggest that most students pre-
fer individualized procedures to tradidional group
oriented procedures.

22Audrey Grissom, "another Approach to Blology Teaching”,
American Blology Teacher 38 (May, 1976): p. 300.
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6. Some teachers have difficulty adapting to indi-
vliduallzed procedures. Usually, these teachers
are those who have a strong commlitment to teaching
a prescribed content.

7. Many teachers requlre more plannilng time and traln-
ing to implement individualized procedures.

8. Evidence suggests that in order to implement an
individualiggd program, more instructional materials
are needed.,

The authors of "Studies of Individualized Instruction in
Biology" say that many students have difficulty adjusting to
this method of teaching and "overall achievement is often de~
pregsed because of procrastination or lack of self-discipline
on the part of the students. "24% They explain that to many
educators it i1s becoming apparent that individualized programs
may be appropriate instructional apprcaches for some students

but inadequate for many others.

235ack Edling, Individualized Instruction, pl 100,

24Joel Mintzes, et al,, School Science and Mathmatics,
pt 675"‘686-
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Mastery Learning
Historx

Although the development of effectlive mastery strategiles
has occurred principally during the last few years, the ldea
itself is much older. Carleton Washburne developed the Winnetka
Plann in 1922 and in 1926 Henry Morrison developed a similar
program at the University of Chicago's Laboratory School. 1In
both programs, objectives were written that each student was
expected to master. Both programs employed the use of learn-
ing units, where each unit contalned learning materlials ar-
ranged to texach a specific objective or set of objectives.
Both programs requlred the student to master each unit befors
going on to the next unit. In both programs, when the student
completed the unit, an ungraded, dlagnostic-progress test was
given which provided feedback on how well the student had
learned the material. Using the test results, the student
was then given learning correctives so that he could complete
his lezarning unit. Both plans also allowed for the time
needed for almost all the students to master the unit.

Although the above methods were popular in the late 1920's,
the ldea of mastery learning disappeared and did not resurface
until the late 195C's with programed instruction., Programed
instruction suggests that the learning of any behavior depends
upon the learning of =z sequence of less-complex component be-

haviors.2? "Theoretically, therefore, by breakling a complex

258, F. Skinner, "The Sclence of Learninﬁ and the Art of
Teaching,"” Harvard Educatlional Review 24 (1954): B86-97.
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behavior down into a chain of component behaviors and by en-
suring student mastery of each link in the chain, it would
be possible for any atudent to master even the most complex
skills,"26

Because programed instruction was so popular in the 1960;3,
two well known programs were developed, One was the Individually
Prescribed Instruction (IPI) project at Pittsburg.27 The other
program was Stanford's Computer Assisted Instruction {CAI) prow-

t.28 IPI was designed to tezch arithmetic,sclence, and

Jec
reading for grades K-6 while CAI was designed to tezch only
arithmetic and reading. Both programs broke the subjlect materi-
al down into sequential objectives and developed programed learn-
ing units for each objective.

Programed instruction was effective for some students,
Students who requlired small learning steps, constant drills and
reinforcement, seemed to get the most from the program. How-
ever, for a lot of students it wns lneffective, and therefore
was not a useful model for mastery 1earning.29
In 1963, John Carroll proposed a useful model for mastery

learning. Hls model suggests that 1f given enough time, almost

26
James H, Block, Mastery Learning (New York: Holt,
Rinehart and Winston,’19715, De &e
2Tgobert Glaser, "Adagting the Elementary School Curriculum
to Individual Performance," in Proceedlngs of the 1967 Invitation-
al Conference on Testing Problems. (Frinceton, New Jersey: Ed-
ucational Testing Service)

28?. Suppes, "The Uses of Computers in Education", Scientific
America, 215 (1966), 206=-221,

29Block, Mastery Learning, p. 5.
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all students can learn what they are supposed to learn in
school.30 The amount of time necessary for a student to
learn a task under optimal condltlions is a reflection of the
student's aptitude, He says that there are five varibles
which may be adjusted in order that each lndividual c¢hild
may master a glven subject, TheSe varibles are; aptltude for
particular kinds of learning, quality of instruction, ability
to understand instruction, time allowed for learning, and
perseverence.31 Carroll says that 1t 1s not lmportant to
measure or predict perseverence, but it is lmportant to ene
hance 1t,”°¢ He explaluns that 1f instructions were arranged
so that students experienced success more often than failure,
then students would persevere, Success creates interest in
learning where none had existed.33

In 1968, Benjamin Bloom created a working model for
mastery learning from Carroll's conceptual model., 3Bloom con=
tends that the school systems 1n the past presume many students

will fall, He says that 90% of students could master a subject

30John B. Carroll, "A Model of School Learning," Teachers

llege Record, 64 (1963), T23=T33,

31Benjamin S. Bloom "Learning for Mastery", Individualized
Instruction and Learning, ed, by Madan Mohan, and Ronald O. Hull

{Chicago: Nelson-Hall Co., 1974), p. 5=32.

3250nn B. Carroll, "Problems of Measurement Related to the
Concept of Learning for Mastery," Mastery ;earniné, ed, by James
H, Block (New York: Holt, Rinehart and wWinston, lnc., 1971),
P, 44,

331v1d., p. 45
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if they were not expected to work at a certain rate and in a

34

particular way. Bloom says that:"

«se1f students are normally distributed with respect to
aptitude for some sublect and all students are glven
exactly the same instruction (1ln terms of amount and
quallty of instruction and learning time allowed), then
achilevement measured %g the subject's completion will be
normall distributed,"

On the other hand, he explains:}

If students are normally distributed with respect to

aptitude, but the kind and quality of instruection and

learning time allowed are made approprlate to the char-
acteristics and needs of each lggrner, the majority of
students will achlieve mastery.,"

In Bloom's model, mastery was defined in terms of ob-
Jectives which the student was to exhibit at the completion
of the subject. The speclfic sublect was broken into smaller
learning units with the unit objlectlves specified for mastery
of that minl-unit. If the student mastered each mini-unit
then 1t is assumed the student mastered the subject. Typlcal
group=based methods were used to teach each unit. The ine
gtructor gave the gstudents feedback to lngure that the stu-
dent was makling progress. The feedback procedures were in the
form of short dlagnostlc tests which were taken at the end of
the unlt. These tests covered all of that particular unit's
objectives and therefore showed what each student had and had

not mastered, Correctives were then suggestsd to help the

student in the needed areas,

34Benjamin S. Bloom, "lLearning for Mastery", Individualized
Ingtruction and Iearning, p. 5=-32.

35B1oom, "Learning f "
s g for Mastery", Mastery Learnln ed, James
H, Block, {New York: Holt, Rinehart and Wimston, 1971) D. 50.

361p14., p. 50.
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Bloom's model of Mastery learning was more successful
than earller methods because feedback instruments were im-
proved upon. This improvement is pzrtially due to Peter
Alrasian who developed the formatlve evaluation.37 Formatlve
evaluation allows the teacher and the student to identify
learning weaknesses early enough so that they may be cor-
rected before the grading evaluation., Another reason for the
success of Bloom's model over previous models was due to his
use of a greater varlety of lnsgtructlonal corréctives.38
Small-group study sesslons, tutoring, reteachling, and varlous
learning materials were used as correctives., Block explained:

The purpose of these correctives 1s to provide each

learner with the clearest and most appreopriate 1n-

structional cues, the requisite amounts of active 1n-

volvement 1n and practlve of learning and the amounts

and types of reinforcements his learning requires,39
Criticlsms

Many concepts of mastery learnlng have been critlcized
by some., Patrlck Groff, a professor of education at San
Diego State Unlversity, believes that some of the provosals
of mastery learning are not acceptable for many reasons.40
Flrst of all, mastery learning has not presented any concrete

evlidence to prove that all students have the same aptltude

for learming every subject. It does not conslder the past

3Tpeter W. Airaslan, "The Role Of Evaluation in Mastery

Learning", Mastery Learnin ed, James H, Block, {New York:
Holt, RineharT aod WIRSToro 1971) pe 77-88.

38Bloclc, Mastery Learning, p. 8.
391v1d., p. T1.

4OPatrick groff, "Some Crltlclsms of Mastery Learning",
Today's Educatlon, (November-December, 1974) p. 88-91.
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grages of students, their measured intelligence, and thelr
attitudes toward the subj]ect, teacher, ond school.

He criticlzes the assumption that teachers have the extra
time necessary in mastery learning to give the students all
the time they need to learn, Pault 1s alsc found with the
1dea that writing learning units with alternate learning ma-
terilals and prescriptive tests 1s an easy task,

Commercial publishing companles have had thelr least

success in producing t&$se kinds of dlagnostlc units

for use with students.

Groff questions the idea that all subjects can be made
simple enough so that all students can master them, He finds
if difflcult to belleve that a2 simple get of rules wlll aver-
come low school achlevement.

Summary and Qonclusgions of Review
ol the Literature

Prom the foregolng discussions, we can summarize the
following:

1+ Talented students do have speclial problems different
from those of other students.

2, There ls a need for blology programs to keep moti=-
vation high for talented students,

3. Bnrichment activities can be useful in helping
. g1fted students achieve thelr potentials,

4., Talented students are highly motivated, capable of
working independently, are trustworthy, and are
aboe to follew directions,

5. Instructional packages may be useful to advanced
gtudents who posses the qualltles 1listed above,

411bid., p. 90.
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Mastery learning ls only one technique of many which

could be implemented to solve the problem of the lack of
enrichment activities for the talented 1in blology. Some of
these methods have brlefly been discussed thus far. It 1s not
the author's intent to explore each of these programs in de~
tall. However, since mastery learnlng is a technlque, it can
be used in varlous metheds of teachling such as independent
studles and individual. learning packages. The unit written
for the purpose of this paper 1s in faect an indlividual learn-
ing package, and 1f used as suggested for enrichment purposes,

i1t would also be consldered an independent study.



PROCEDURES

Some of the procedures used in developing the curriculum
were based on past experiences in teaching. The plan for
developing Mastery Learning Units was adapted from the work

of Jacobson 42, Block 43, Bloom 44, Carroll 45, and Alrasian #6.

It involves the followlng six steps:

1. Decide on the content

2. Develop objJectives for the content

3. Develop evaluation measures for the content

4, Teach

5. Tdentify learning difficulties

6. BReteach and retest when needed
Content

The first step in writing a mastery learning unlt is de-~
clding on the subjJect that 1s needed., ZEntomology was chosen for
the sample unit because 1t is a high~-interest area and because
many high school blology books do not cover the subjlect ex-

tensively, After choosing the subject, it became necessary

42p, 4 . Jacobson "Mastery Teaching Reference Sheet" (Spring,
1978) University of North Florida, Jacksonville, Florlda.

43Block, Mastery Learning

44B1oom, "Learning for Mastery", p. 47-51.

4scarroll, "Problems of Measurement Related to the
Concept of Learning for Mastery", p.29-35.

46Airasian, The Role of Evaluation in Mastery lLearning",
Pe 77"‘88 (]
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To break the subject into smaller parts so the student can han-
dle the materisal more easlly, "Entomology" can be broken down
effectively into six sectliong:

1, Insects and Thelr Importance

2. Bxterior Anatomy of a Grasshopper

3. Internal Anatomy and Physlology of the Grasshopper

4. Metamorphosis

5. The Soclal Insects

6. Some Insect Orders
Certalnly, each one of these sections could be a2 unit in itself,
However, 1t was assumed that a talented high school student could
best be served by having a less detalled overvliew of the subject,
If more information was desired by the student, supplementary
reference materials are suggested,
Oblectives

Several objectlives were written for each of the six sections
In the unit, Some of the obJectives were taken from various hlgh
school and college textbooks, whlle others were written by the
author alone. There are many books avallable concerning the
correct ways to wrlte behavior objectives, Behavior objectives
were written in observable terms contalining the condition which
the student will be measured and the criteria for the studesnt's
success,

The author trled to write some of the objJectives 1n each

0of the following levels:47

47Benjamin Se Bloom, (ed). Taxonomy of Educatiomal Objectlves:
Handbook I, Cognitive Domaln, (New Tor%: David McCay Company,
1956, )
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1. Knowledge

2, Comprehenglon

3« Applicatlion

4, Analysis

5. Synthesis

6. Evaluation

It is highly desirable to write objectlves above the know-
ledge level. The knowledge level 1s the lowest level of learn-
ing, lnvolving only memorization and recazll. Information re-
celved at the knowledge level 1s most easlly forgotten., ILevels
above the knowledge level involves s more complex thought pro=
cess., Objectives should be sequenced from the least to the most
complex so the student can master the easler oblectives before
attemptlng the harder ones.

Develop Evaluation Measures for the Content

According to Mastery Learnlng principles, evaluation mea-
sures were developed for each sectlon of the unit., There should
be at least one test ltem for each objective and the test items
should fit the objlectlives, The first typre of evaluation used
in the unlt was a pretest, Each student must take the pre-test.
There is no grade asslgned to this tegst, It 1s used only to
assess the student's abllitles in relation to the instructional
objectives, If the student demonstrates on the pretest that he
has met the instructional objectives, he need not continue

through the unit.
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The second type of evaluation used in the mastery learn-
ing unit is the formative evaluation, Peter Alrasian defines
the formative as an evaluation which:

eesS5eeks to identify learning weaknesses prior to the

completion of insturction on a course segmnent--a unit,

a chapter, or a lesson. The aim 1s to foster learning

mastery by providing data which can gérect subsgseguent

or corrective teaching and learning.

Formative evaluations are adminlstered frequently and no grade

is assigned, If a student does not show mastery of the objlectives
on the first formatlve of each section, he is given alternate acti=-
vities to help with his learning difficulties, Afterwards, he is
given an alternate formative evaluation. The alternate formative
evaluation serves the same purpose as the formatlve evaluation,

If the student masters the objectives tested on the formative,

he may then move on to the next section,

The third type of evaluation used in the sample unit 1s the
sunmative evaluation, It 1s different from the formative 1n that
i1ts primary purpose 1s to assign a grade according to the student's
achlevement of the course aims.*9 There 1is only one summative
evaluation for the unit "Entomology", and it is taken at the
unit's completion,

Teach
Each section 1s composed of a relatively short section that

the student is expected to read, After having read the section,

there 1s 1list of activitlies the student could choose from to

48A.1rasian, "The Role of Evaluation in Mastery Learning," p. 79.

491vid., p. 78.
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achieve the objJectlives for that particular section. Varlous

methods of teaching are used to conslder 1ndivudual learning
differences, The methods include fllms, slides, lectures,

group actlvities, selected references, independent study, labor-
atory work, teacher conferences, and tutorial help. Whatever
teaching procedures are effective should be used,

Identify Learning Difficulties

The student goes through a section of the unit select-
ing activitles which will help him achieve the objectives for
that sectlon, When he feels comfortable wlth the material in
a sectlion, he takes a formative evaluation on that sectlon.
The formative may be self-adminlstered and self-corrected or
1f so dlrected in the unit, may be glven and graded by the
teacher or selected tutors. In any case, the student or the
teacher may ldentify learning difficulties according to the re-
sults of the formative evzluation. If there are no difflcul-
tles, the student proceeds to the next section. If there are
learning difficulties, the student 1s directed to alternate
activities and to alernate fromatives until he has achleved the
objectives and 1s ready to move to the next section, The
student has to master each section before moving on to the
next. The hypothesls in mastery learning 1s that 1f the stu-
dent masters each sectlon on the ungraded formatlves, he would
then be able to master the entire unit on the graded summative,

Reteach and Retest When Needed

If the student does not achleve the obJlectlves on the flrst

formative, reteaching of the material is desired in the form of



35

suggested alternate activitles, After choosing from these acti-
vities, the student takes the alternate formative evaluation
which has been discussed previously,

Setting up the Program
SgLting up

The 1deal setting could be easily set up in most class-
rooms., There should be mzny mastery units covering 2 wide
range of blology sublects, from which the student can choose
according to his or her own interests., Some teachers may
wish to have these units at the teacher's desk where she may
keep a record of who has each specific unit, A small work area
could be set up in the back of the room, There should be a
small library composed of related literature on the wvarlous
subjects at the student's disposal. The student should be
responsible for checking out the learning materlals or lab
equipment needed for the unilt. Some students may wish to do
extensive study in the library.

Because of the emphasis belng put on school and teacher
accountabllity, these talented students wlill have to contlnue
to do well in the regular curriculum, However, at any polnt,
when the talented student feels comfortable with the material
being taught to the whole class, the tzlented student may
choose to work and study =a mastery learning unit. By imple-
menting this program, the talented student will be given the
opportunity to go over and beyond the regular curriculum, En-
richment activities should also tend to develop interests in

specific blological areas not covered in the regular curriculum.
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Learning Station

The learning station for the unit "Entomology" consists of
a small nine drawer file cablnet, consisting of specimens of
twelve orders and fifty-three familles of insects. These were
collected, mounted, and identified by the author. Identifica-
tion of the familles were made by using various insect classi-
fication books from the library. Only twelve orders are repre-
sented because 1t was felt by the author that this was all a

beginning Entomology student that was talented could handle,
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I. ZROSPESTU3

insturction:l pacgage,

[

a otal-ucit is 2 self-coatalne

—~

It ig an attempt to individuslilze learning by enaeling the

student to n»roceed indevendentiy throu~h the mzterial, Tals
mini-ualt is bzased uvoon the zetnod of Mastery Learning, which
enavlss 75 to 90 ver-cent of the students to achleve tae

miniaal success level. In this class, the ainimzl success

LI { ]

level 1s a grade of a "e¢¥,

The study of insects is c¢alled Entomology, and consew
auently, scientists whio study 1lnszcts are £-:1led Entorologlsts.
The major instoucticnal nur-ose of this alul course 1s for
the guudent to acnulre sz vetter uvoderstanding wnd an-reela-
t.on for insects. B. S. Ros. stzted," Jith a cosuel flack
ol fhe nand or 2 stomn of tiae food we crusn 1a =2c:zing plece
of blological engineering thot has evolved niillons of vears,"
as the student nrosressces throush this course he will be
actively involved 1n lesrnins =bout ilusszcis.

Hany students wight askx, "Juy should I study busst"
Insects =—lay 2 very iacortaat roll is our lives, both direct-
ly and indirectly. Three-forths of all Xnown aninal _species
are insects. They have been extremely successful in colonize-
ing zliost 211 habltal enviroments., Econonic:1ly they nlay
a very important roil. Soae are venzlicizl whille otaers
are detricsental. 3Because of taz world food crisis, we need
to find rore e:ficiznt wmecans of controlling iansect pests.

Because inszcts are "free" ind sasily fouad, they can
e:s1lly be studied in the laboratory. They axe insxpensive

to malntain. Kany of the ~rogesses thet occur in nlxher



organismsg, can 1lgo o2 2bgerved in insects. Very few persons

]

would objeet to disscting an insect, as sone do wilta hlgher

L

mnimals.

Vv, J. Tipton wrote, "In ~ast years the fascin:tion for
the study of imsects mwy hzve bazon ins»ired by thelr exsuisite
beauty and their blzarre form, thelr dilirsent lators and
taeir casual f1i-at, ths vustle of tTasir urban centers =ad
their idyllic life style, thelr psriumed elegince and thelr
unsavory ha.its, thelir miraculous ablility to chaaze Tora and
tneilr wondrous consistong:y throush time." However, he zoes

on to szy, th2t entomolozists are nore concerued with "the

Fe

frail unadosmned iiosquito, reswonsible for transsltiing 200
raillioz cases of malaria per year; tas noczely louse, walch
turned =2rmies Irom thelr objeectives zand chaasnped the course
of history; thne dloiasutive Wediterranean Fruit fly, walch
threztens the citurs iadustry; 24 the conmon Xuroncan corn
borer, the destiroyer of tons of cora each year,"

as you wioceed throuzh this ualt, you w11l lezxrn u=oay
things =voul insects. You will study why they are important
to us and ways in vhich we can contrel tnem. You wlll study
how they are »ut together, 2nd what rakes then "tlex", TYou
wlll study, how they zrow =nd chlzuge formg, md how the goclal
ingects live. Finally you will study some of the specific

insect orders and lexrn how to identify some insects.



Bagic Assunntions

The entire annroncn in this exzreriencs 1s bazed upon
the folloving =2ssumnptions:

1. The studeut 1s seexing educ:tional exnreriences
vhich will ennance als knowledge of HEntociology.

2. The studeat 1s willing to worxk hard.

3, The student is wllling to wssume responsibllity
for unis/her lezrulng,

4, The student is wlllinz to try new learalag
technlinues,

5. Thue student wante to succeed,

Prersiulsite

©

Althousn 2 zenzral Xnowledge of Zoologzy would ve relnlul,
it iz not 2 necessitr in ordsr to complete this unit, 2ilology
as a course, Ls not somuch involved with steps 1ln learalag
as in, for exaarle, math. 3Blology 1s made up of muny small

N

subjects which concelvably could be taiken entirely sevparately.
It would bve nel=ful for the student to hive succesded
in.the unit concerning nomenclature and clissificaticn., How
well yo»u reaneaber these coacents will be detarcsinsd by a nre-
test found in Section IIXI. If you migs the questlions dealing

LD

witih these concepts, review materials wlll be sungested for
you and/or your teacher will review tasw with you.

It 1s also useful if the student nas nzd srevious labor-
atory experience, and has previously studlied other Amthopods.

These entry behaviors are anot required, but would help the

student nroceed through this unlt at 2 more rapid pace.
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Procedure

Within this Zntomolosy module, there are six areus the

ag an objective in

¢
2

studeat will study. ZEach arean is liste
Seciion II while discussions and activitlies ars found under
Enabling ictivities in Section IV, For examcle, everytalag
in Enabvling Activity #1 is deuslsgned to facilitate ObjJective
#1. The format for each Enabling ictivity includes an
overview which presents organizational and/or instructional
material; an enumer-tion of classroom activities 1ncluding
the rresentation of alternmative for facilitating the objectives;
questions =and or problems for consideration; a brief refersnce
listing; and a formative ev-:luation., The procedure that you
will use in workxing bthrourh the unit is =2s follows:
1. A throuzh explanation of the procedures will be
presented during the first session of this mini-
course. DON'T PANIC! It's not as compnlicated

as 1t may seem at the moment,

2. Read "Prospectus" and "Basic aissucptions™ if you
have not already done so. (also Prereguisites)

3. Read each of the specific performance objectives
in Section II that you are to master during this
mini-course,

4, Read and coaplete Section III, the Pre=sszssment
and Pre-test.

5. Zzach enabling activity includes an overview which
presents organizationzal and/or instructional
material; a list of classroom activities including
alternatives for achieving the objectives and =
list of resources to be consulted., There is a
formative evaluation at the end of each activity
th2t you must complete satisiactori’y before
moving on the next activity. o grade is glven



for the formatlve evaluatlon. They are only to

let the student know whether or not he has achleved
the obJ)ective., The teacher then can prescrlibe al-
ternatives 1f he«she has not achleved the objectlves,

On the flnal day of this mini-course, you will, be
given a summative evaluation over the objectives of
the course., The student will recelve a grade on the
summative,

The followlng are areas covered in the Enabllng
Activities,

a, Enabling Activity~~Introduction
"Insects and Thelr Importance”

b. Enabling Activity #1
"External Anatomy of the Grasshopper"

c. Enabling Activity #2
"Internal Anatomy and Physiology of the Grass-
hopper"

d. Enabling Activity #3
"Metamorphysis"

e. Enabling Activity #4
"The Social Insects"

f. BEnabling Activity #5
"Bight Orders of Insectsg"
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Wnen glven
studeant
the class

iae of an Llseot,
LTy the anpronrlat

on a written or

When given

When glven snecieensd of ‘usects of thr § orders studled
the stuﬁent will be avlz to identify the order oryand
thecoamon nane of the inszscth.

The studeht will eompile als/her own ilasect collectlon,
includiag exzanlzg from ezch of the 2 orders aad aay

ovners he m2v wlsihh to include. They sihould be mounted
neatly -nd 1z correct order., This 18 cdue 2t the final
suznative evalurtion and may be done in grouns of two.

te=0 This grade will count 1/3 of
towB your suanative grade,
o =g
L



0

III.
Instructions for the Fretest

Each student must tzke a pre-test, There is w0 grade
asslgned to this test. It is used only to assess students'
zbilities 1n relation to lastructional objectives, If the
student deumonstrites an 2:1llty on the preiest to =meet the
instructional objectives, then he need nct centlaue wlth
the activities, He may instead work oz some eunriciament
activity or helv in tutoring students who are golng through
the unit.

Answer each suestlon the zzst th:t you can. Do not

be conceraned if you do not kunow any or all of the answers.

You are 10t exocectad to.

Pre-Test
1. Arthopods =zre: a. cravs b. solders c. ingects
d.milliopedes e. all of tane above.
2., List four reasons why we should study insects.

5+ Give an example of 2 beneficizl insect and why
it is beneficial,

4. TIist three methods of controlling lasscts,
5. Define exoskeleton,

6. List 3 charazcteristics of an insect that senarate
1t from other animals.

7. MName the three sections of the thorax.
Ce. Name the fiwe parts of the insect leg,
9. What is the tympanum?

10, Iist three renulrmnents for good laboratory
drawlngs.



11. 32riefly discuss the followlianp systexs relazted to
the i1nsect;

2, Locomotlon
. Res—lratlom
C. Digestion

d. LZxcretlion

&, Clrculation
f. Sensory

G. Heproductlon

12, ihat are two social ingsects, =nd why are they
ca2lled such?

13, Compare Comnlete 2nd Iacomnnlete Met=z:orphisis 224
name some lasects thot hive eich,

14, Matehn the followlneg insects to thelr corrzet ofder.
Coleontera a. true suzs
Dintera 2. Bees, wasos, nts
Henintera ¢, Grasshouers, roahes
Hyneaonters d., utterflies, woths
Isontera 2. Beetles
Levidontern f. Dragonflies
Gdonata g. Flles, omaultoes
Orthrorstera h., Territes

15. Qonstruct a sia le 'ty using the followling six items,
Paner, wnenacil, leaf, roex, 1lussct, book,

16. List the 7 catefories thaast anlic2ls are classified
startlag with the 1:rirost aad endlas ith the smpal-
lest.

17. Identifiy the [Tollowlas oparts;

L

Or T
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Storer, Iracy., Kleneants of Zoology. Dp.210-229,

Durst, Harold, Hizh 3chool 3lology. 2. 139=145,

Sonsult your lastructor fao
assesarent,

> further wors wnd

dattend the schaeduled seninar during Baaidling actlvi-
ty Introduction.
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IV, EXAZBLISG ACTIVIIIES

Introductory Buabling isctivitys INSCETS AND THEIR IMPORTANCE

The study of ins:cts 1ls called entomologzy, and conse=
nuwently, sclentlsts who study insests are called entomolo-
zists. The class Insectz ilncludss almost one million specles,
whilch is far sreater thzn 211 other forms of life put to-
gether. Insects comusrise zbout three-ifourths of the Animal
Kingiom. They are the most c¢omnon lzand animals, and the
only inverteorates that =2re avle to fly. Of all She major
habltats oz earth, the coceans =2re almost completely lacaing
of ingects, Thelr food reguirements are so varled that
they are z20le to survive in tremendous numbers wifhout
Interieriny with each other, There are sap fewdurs, leaf
fesders, {leshseaters, vblood suckers, nector and pollen
gatherers, wood eaters, 2ad evean caoanlialletic insects.

They rensroduce in extraordinary numbers. 4 well xnowa
Bnslish blologist, Thomas Huxley, a2rrived at the following
calculation:

"I will =zssurne that an Ashls welghs one-
thousundth of 2 grain, which is certainly
vastly under the marix. & gquintlilliion of
iphides will, on this estimnate, welsh a

uatrillion of gralnsg; consequen+ly, the

tenth broed alone, 1f =13 its nesncers

survive the perils to ~which tauy e @Xe

nwosed, contaln :ecre substaance tuan 505,00G, 000
stout ren~-=to say at the louast, wore than the
whole -onpulatioa of ch}nel"(Otto, Janes. D.423)

All persony are a’fected by insects. The apartmnent

dweller m:w:y ent horey, w2ir sili, chzse ants and roaches,
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and swat flies. The nrinitive tribssain is plagued by
fleas, flies, a2nd Jice., Insects =27fect us econonically,
soclally, =snd medically.

Many insects zre beanellcliul., They =re egsential in
cross=fertiligzation of the blossons ol annles, cherrles,
blackherries, clover, and varlous othsr crons. Hive bees
produce tons oi honey annu:lly which serves as aumon food.
The beeswax 1s used in polishes, church candles, =nd to
wax thread. The slliwore zlves us row silk. The larveae
svlns o cocoon of gilk from ity gualivery secretions. 2Sach
cocoon yields approxiumately 1,008 ft. of Iiber =nd about
25,000 cocoons are unwouad to s»in oze sound of zild thread.
Certnin dyes ars obtained ITrom the dried nodlex o gsoue
tropical cuctus scale lnsects.

Varilous 1lnsects .re benceiiclal to us because they heln
control otuner insects that are harnlul. For examvle, the
lzrvae of lodybizrd beetles fecd on the scale insszcts: that
damaive cltrus and other itrees. These insects thot eat
other lnsects are called predacilous insects., Certain
parasitic lasects wre also helrful. They lay thelr eggs
in the egzs or on the youne of nlant Tesdins iusects and

thelr larvae destroy the ol:a% feoding insects. Predaceous

93]

and parasitic insects are offen releawed in {ields or

or:hides to blologically control harmful soecles,

2

1

Certaln insectis, svenl ag the gcavenger beetle and flies,

h)

are useful 1n cleaning us the dunz aind dead bodiss of ani-

mals. Bggs aore 1z2id La oninad esreoanses,wasre ths larvie



14

soon reduce the carcass to bone, Xany insects such as ants,

tercites, nd beelles also serve 1n reducling the reaazlas of

u-i

dead plants 2and trezs. Insects are extremely iaportant in
our food chxin,

Harmful insects cause more than 2 blllion dollars worth
of damage per year 1a the United States alone. They injure

forests, fara crons, flower gardens =2nd lawns, stored foods,

and other property. Some alfect the alth 2ad comfort
of mnan =2s well as wild and domestle nninals. Each of our

important crops shech as corn, wheat, cotton, and tobacco

ﬁ

h=ve a hundred or more pests. To name a few of these pests
ars the chinch bug, cotton ball weevil and Colorade potato
beetle-

Qur food is euten or ruined by aznts, wesvils, cock-

Uf
a
{
=
(K

roaches, and are dirtisd by house rrala wesvils and

moths dsmage stored cerexl; moths and carpet bastles ruln

clothing, carpebs, a2nd furs; silverfish damige boois; teraltes

destroy hones and fenses; mosquitoes, bhelbugs, gnats, and

-e

)

stable flles bite man and his animals; 2nd many insscts
act as intermediate hosts for varlous diseases of man, other
znlinals and plants. Cne of the wmost well known diseases,
Human malaria, 1s caused when an infected mossuito (Anopheles)
bites man =2nd injects the plasmodiun into his hody,

Several methods are used in coatrolliang harzful insects;
1. Chemical svrays =nd volsons: These are called iansecticldes.
2e. Quarsntine; This involves xeenlnz lasects from enter-

certain areas,



3.

15

Natural enemles: These 1lnclude birds, other insects,

and bacteriaz, or any animal that feeds naturally upon

an insect.

Envlircomental changes: JDJraln breedling places; rotate
crops: eliminate certaln plants that insect pests feed
upon,

Radlation: Steriligze male insects by radiation and allow
them to mate with the females in nature, The females

wlll lay sterlle eggs.

Activities for Introductory Enabling Activity

Course Structure and Orientation

Read Introduction

Film: The Winner- the Insects 29 min.

lLecture on Nomenclature and Classification

Actlivity #1
Relfect upon how ingects affect your life directly.
How do they affect a farmer? a cattleman? Summit
the three different lists, and include co.ments and/
or any conclusionsg,

Activity #2
Suppose we could "get rid" of all the insects of the
world. Why or why not would this be a good idaa?

Activity #3
Discuss Blological control of insects, What do you
think the advantages and dlsadvantages of usling this
method?

Questlions for Congideration

1, Why are termlites considered both harmful and help-
ful to man?

2, Why should we study lnsects?

Selected References for Introductory Enabling Activity

Durst, High School Biology p. 127-128,
Otto,’Modern Biolo Ch., 351 and 32.
Storer, Elements gi goology Ch. 23,

Curtis, Blology p. 283



Yormative Zvaluation for Introductory Inabling Activity

e

Using the 2btove aculvities, velsrences, and any source

of your cholce (includinz teichers, studeats, n:rents, ete.)

=]

digcuss why ¢ should nother to study ilunsects, This should

be wrltten znd should be wo longer than thrse dages,.

Vocabulary-you snculd be foailiar with these words from this
activity.
Entomolony
Entomoloziagt
Insacta
stecles
iavertebrzte
deneflelsl 1lus
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Alternzte Activitles

Conference with teacher

Lookx up definitions to tie vecibulary words, znd Jdrill
yourself on them. Have ancther student drill you
on tne words.

Ask for tutorizl el

Briefly outline the reading to Introductory Enabling
actlvity.

Alternate Formative Evalustion

1. drite 2 sgtoxry o:n what would nancen 17 :11 inseets
vere suddenly xilled. This should be no longer
thas two pages, znd should be tucrneéd in when re-
porting For the second »art of thls evaluation
below.

2a Orally, reacrt to tac teacher and be acle to discuss:
2e Hurmiul and uwseiul inszcus
Pe Ways 1n which h.rmful lnszebts are controlled.



Baabl

ine Activity F1: An:tomy of a2 Grasshopper

all g
Compo

dages

The nhylum irthropodsz is one of the most lmportant of

rours of =znirtals. All arthropodes haive an exosxsleton

sed ol chiten, scpgmented bodles and segmanted anpen-

. Inscechts comsose only oue clesz of Artnropods.

Other classes contalned in thls ohylwa, Arthropeda, are

class
{cray
aud ¢
call

not c

chira

arachnoldea (sniders, awites, ticis,), class Crustacea

fish, crabs, srimp etc.), class Chilopoda (eentinedes),

lass Dinlopoda (milligedes). Although wuy persons
anytiny crawling or flying =anlmal a "bug", they are
orrect in do'ns so, As shown avove, sniders, centi-
nedes are aot ilasects., If the followling

acterist t is

}.J.

cs can be identifisd on =n anlimal,

nronably an las=zct.

soing

Heand:

t. Three distinet bvody reslous: Head, Thorax, =nd
ibdonen,

™

« The tunorax has 3 nulrs of less and tiwo valras of

wings.

3. The nead hags oue 7Halr of antennze and one palr
of comnound eyesg, which is comcogsed of hundreds
of Indlvidunl units,.

. .

How that you lknow how Lo identily an inscct, w

8]

aAre

to loox at some specllic »aris ol the zZrasshonner.

Oarefully remove aad ideuntify tho
the labrum, the usver llw, 1g =2

two heavy tooth Jiws, the mamdldles;

9

maxillae sa2ch with a S5-jointed &

loapium, the lower 1in, and 3 »21lr of 3=jclataed

2abinl palwgsa tongue-like ayponharynx located




Thorax

vetween 2nd uader the mandibles., The grasshopnez's
nouthparts are =2dapted for chewlnp whereas some in-

sects! mouthparts are adanted to sucking sad bitiag,.

The thorax ls commosed of three seguzats;y the »ro-

thorax, mesovhorax, =2nd metathoraz. The head and the

first palr of walking legs are attached to the pro-

thorax, The first pa2ir ol wings, the anterlor wlings,

and the sccond palr of walking legs are attached to
the mesothorax. The metathorax bears vhe sscond

pair of wings, the vposterior wings, and Jumolng lezs.

Identify the segments oi the larze hind leg as follows:

The coxa Joins the leg to the thorax; the trochanter

joins the coxa and annears as a triangular 2late;
the large feamur, whers the large muscles for jumping

are contained; the s»iny slander tibla; and the tarsus

compnosed of 3 joints and 2 claws

abdonen

The z2bdomen lacks avpendages,is usually rouaded, and
is distindtly seguented. The first abdominal segrent
bears a large, oval, membraneous tympasum which 1s
the organ for hearing, HMany of the abdominal seg-
ments have palrs of tiny onenings called gniracles,.
These openinzs lead to the alr tubes or tracheae
which form a complex network inslde the animal. By
tion of the wings 2nd movement of tne abdomen, air

is puwned in =2nd out of the trachese. Diffusivi ou

Carvo. ailoxide Into the tracncie auld oXygew iuTo tae
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0DEEry auLo“, the nunil is axle to verifiy raat he has read in
books and hewrd In cluns,

;,4
'_1
ar

To accom~ligil a2 laboratory exer
shoulds

guccessiully, the pusil

1. Belore starting =z, exsilne the sneclueas carefully
identify 2nd uad e soeciflo parts naoned.
2. Ghers digzctlous 1rzd, follow dlrscticuns carsiully
2. Hos rejulred 4r curataly w4 nsz~tiv, and label etch
1
b

L o

;’s

{—

="
Hl

e In 2 straisat lline,

44
=

oy

f

=

J

+

&

H

o o o

B O =W & ok cr

o’
—
[
»n

e coaslastent,
gnould be usad,

c.+.
g

" (o

Ao

a
2 Lavel line snould not be crosssd.

or 12hnls SHOULA 20t Do ALl yLobed,
1:hels should not 2 hyrhanated,
e orun ianto the droviag.

b
fa]

[

oy

S
=
ot |
e i
(=N

<

3 r‘ nge .

f) The heisht of the letherz in the labels should not

be varled,
£) The drawvias zhould not be stooted untll the
THDU“ waat ae is doing

21z should be checliad
1J

ey
e

nu

1~

A1l ﬂrintlnﬁ, labels, a4 1dzatilicat’
to the : ﬂoLtOL ednzs of the drar
: B

cr "pﬂln-ng rrors
4 ,qou]d 0% ]l

\Ji
»

N

« The use of coWo_ zd Denc :
niphly desirable; this will ad
tinose arens of giructurcs,

Te & 1little advance thousht 23 to the Iaryout of the drawing

w111 nay blz dividends.

Se A punil should not hesitate to as ~gniato
Torming =a experineant, dbut he ghould not 2uw-eed
to do 211 the ook for him,

9. The slnx and dgsk should alway

srent 2 iag 1
iLLP stlon of

3 be cle~ned atter it has
heen uged, Qefuse ghou A be wrawned ta awner tovels and

nlzced In The wastebaset.

folliow these helQAul LWiats for geod dri=l:

auscrint or eanital letters way be enuvleyed, dut

: t
L3 2 JF I I y 2l al Sy - . ] [T
ing 2nd ldentificotlon ghould bz e [irs
x LI T may L R, TR RN -
Lile d4ragias shsulld Lot Do e o4 and tazn e
s s > i-

1

al

bwe in draving cencll ond each 1:hel



e
o

vetivities for Baablins Activity #1

Sumit formative evaluation for ilntroductory en:blling

activity.
nodule Rending: Bnaobling ictivi
Orientations: Hendout: Genersl L2 ato
Directions for Groun Activi

Individually or

Groun actlvity « 2 or 3 nersons

1.

after re:ding through the enabllng =zotivity, the grous
sheould Tolloew the zenerel l2b proce dures aand umage =
neat drawing of the grasghoprer, ladeling =11 the uwader-
lined pa2rts., Each person should make o drawing and

also znswer the followlng questions. The selected
references below m=y help you witk your drawling., The
microscope is useful and desired in looklag av some of
the grasshonner's anatony,

Observe the grasshooner as he woves. (1f you habe 2 live
crassnopper)  hat patterns of loconotion do you observe?

Count the aprendacss, dow many 2re thera¥
How many wings? nantennae?

-3

How are young grasshonner diifferent Ifrom the zdults

Do you see zny evidence thut the grasshoopper has a
respiratory sygtex?

From your observation of the heh:vior of the srasshonper
what kind of ceavironment would 1t be noet fitted?

What owtward svidencs is there of sexual differencesz in
tie ~rasshonner?

stiong to think azout

1. Wh:t would sou consider to be anm advantize ol 2n
exosksletont a disadvwmtzge?

2. The exosXeleton covers tae body of an arthropod
like =2 sult of ermor =2nd does not grow. How then
does the insect zrow larcer?

Selected Relerences for Sanabline dctivity #1

Otto, Jmmes, Modern Blolozy - Jh. 31

Storer & Usinger, Zlenents of Zocliogzy Ch. 23

Berrill, 3Biology ln sction p.i424

Elolozicenl Selences Curriculum Study, Silclosieal 3Scisnce
20 Incguiry into Life n. 334=345

Are—

Piagern wm, dnimzl Diversity n. 137=135
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Formatlve Evalustion: for ZEnablin-s ictivity #1

This wi1ll be 2 lob evalusntion where »arts of ths grass-
nonner will be "flagezsd" -ad you 111 be reruired to ldentify

the p2rts on pivper.

Alternte activitiao:

h}

sghonrer anztony
whers you nezd helws
material, make a noster

Teacher lecture on o
Swudent tutor in
Using =ny of the

drasing for the 2 o bulletin board dlsvlay,
digolaying ths ourts 2 grasshonner

Word puzzle-~ on the following nurve

Have another student culz you oa thaeauatomy of the

grasshonper
From the list of wvoeabulary words, write the cnes you
are havéng trouble with., Define them, study them, and
have elther wnother gtudent or your parents gquiz you.

Alternate Foramative

An oral evalu-tlon glven by ths ilnstructor rith the use
of 2 speclmen. The student will be required to identify
orally, »n:xts ol the grazshopper.

Voczbulary words used in this letivity

exoskeleton trociiantar
chitan coxa

sesmnented fewur

nead tinia

thorax tarsus

abdomen tymoaniam
antennse ; L

compound eyes ovir Oﬁitwr
simale eyes conul .torv orcan
Iaprun

mandibles
m.xillee
maxill=ry pzln
1:blal polos

Ny po puaryilx
srothorax
megothorax
netathorax
anterior wings
nosterloxr wings
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Enabling sctivity #2: Internsl inatomy :nd Paysiolozy of
tne Grassinonper

Locomotiont

Tite zrusshenover's zopendmes for locosnotlon are loc:ted

!

-

on tne thor-wx oind lnclude 3 palr ol less and 2 na

T

[0}
C
-

|

Larae wuscles wre found in the femur and are adacted for
Jueniap., The success that insects hove nad cnaa be whiri-
buted to thelr vower of flizght. Tings ~ove lnsechts u tre-
mendous zdv.nta s over other land invertcbroiess by zlviaro
then the mezns to avold nred.tors, The Trejucac

bead o. a aldse sz been rescrbted to

'\ F

G

5

s -cer secoad, duasntuzblrds

l’u
[5e}

ats per second, 3Birde's vwiaigz ore thlek nd awde un of

o

-
T

muscle ~ad boane, Insset fings, aogover, <o bHiln, usudllly
transnurent, wnd althousil 1t roves =lsc by wsuscle , contaln

no mugels In the wins 1toelf,

[
(=3
(._'-
o
(,
oo
-
Eox
H)
0]
rs
ct
oy
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L nen wmove, 2lr is pumped

o,

in snd out ol the tricaeze, By diffusion oxysen iz ex-
ca=nged for carbon dioxide.

Dizeztion

¢

after gruss g besa bDLltien of ! by the wmoudibles the

2

esornanus carvies food to a crop, whers 1t caa

b )
¥
L

e gtored for

a ti

2 time. 3alivary glands secrets fluild into the mouth which

molsten the 7ood amd allew the inscot to swallow wore ef-

™~ 48 ~ o I8 " - oy . R - U M1
Testively. PFrom the croz ths so00d nassss to the zlzuard,
:
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where food 1g srouad up., Ths food thzu nosses to tha sTOmLCh.

The zasiric caeca »nroduces enzyles walch =214 digestion in tne

stomzch wherse dlgestion is comwlaetad. Digestad'food is ab-
gorbed taroush thae stomach wall into the blood siream.
Zxcretion

Mzterizl left in the stomach =masses lato the inte-tlne
which 1s made un of the colon and rectum =and teraluntes at
the anuse. Cellular wistes arz wickzd ur by ths wvwlood strseam
and collectad by yellowis: hailrliRe structures called

Malp 1z ulezs, dnztes are thazin nassed © ne stin
Malplghian tubule {n st we b ! ed to the Intestine

and out the ~nus.

slrculatory

Ingesczts have =n oznen circulatory systewm whlch mesns tae
bleood 1s aot confined in + coznitliiauvous gsystem of vesgsels,
Usually there is a heart{exce»t in smaller insects), walch
have g number ol onen-cuded arteriss. The blood flows from
these arterles into the body caviity, then glowly drifts
back to the he:xrt, The herrt is located dorsz:l to the diges~

tive tract.

Sensory

The tyaaomm are seasory orzans walch func

ne ring, inte nse ire gsugory orgens for touch and smell,

The grasshomper h=ave both silamnle =nd comvound eyses. The

simple eyes are locuted »igint above thebasz of thne antennze,
The comvound eyes 2re 1lurse and are comnogzd ol huadreds of
lenses. The sensge orzans recelve stimull and are then re-

layed to othner parts of the boldy by nerves. The Brzle 1s an

enlarpzed ganzlion comqosed of Contic lobes
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Jexes are genaravo ia insects. HMailws hwe tostes whlceh
produce grverm. Feazles conti:lu ovaries, whicn projuce egis.

The male denosits
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Activities for Enabling Activity #2

Sumit formative evaluation #1

Module Reading: Enabling Activity #2
Lecture/Seminar: Taxonomies and keys
Independent Study

Conference

Activity #1

Continue to disect your grasshopper 1f you wish. Find
as many of the parts as you can for thils enabling
activity. Draw and lable parts as directed in the lab
directlion sheet., You may use other sourses to help
wilth your drawing. The selected references wlll help
you with thlis. The drawing should be turned in to the
teacher, Refer to the following page for your draw-
ing.

Activity #2

Uslng the references suggested make a hulletin bhoard
showlng the Internal Anatomy of the Grasshopper.

Activity #3

Make a drazwing of the internal anatomy from the enabling
activity or any other suggested sources. Quiz yourself
on the parts, or have another student guiz you. Have
the teacher check your drawing.

<uestiong for Conslderation

1, How does an insect internal unatomy and physiolegy
compare to mm'ta?

2. How do you suppose, the grasshopper and other small
animals survive with an open circulatory s¥stem?
Could Man?

Selected Referenceﬁ

Storer, Elements of 200logy ch, ig.

Fingerman, Animal Diversity p. 146=152

Vogel, A Funcgionai Begtiary p. 47-49

Otto, Modern Biolo De 428-430,

Korn, Investigg%Ion into Blology p. 270-2T74.

Wlley, Beast, Bralns, and Behavior p. 42-50, p. 21-28,
Fltzpatrick, Modern Life Sclence p. 523525

Curtis, Bilology p. 204-285, Pe 570-588,

FPormatlive BEvaluation

When you feel you know the materlal in this section,
report to the teacher for a short written evaluation. You
have to get 15 out of the 20 guestions to go on to the next
sectlon.
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Groun activity #2 (con't)

r

&

Zxamine 2 dis
draw =and l:ibzl the

“(3

geched goeo
T l“oviﬂ,:
14 Fouthno“nﬁo >btW:wL auadibles

2 'ndisles=-1- 1 j2ws

e bSOQﬂn;hS-bﬂort tube leadlnz froam the mouth to the fo
4, PForezut or Drop- first enlarzged z2rua of ths digestive
5 Nidaut or Stomach-enlzrged arex of the iq,ﬁ“'VL trac

Y A

following the crop. This here digestlon t:ltes
54 Cacca= pov;has which extend Trom the htOlkOﬂ, secrete

\ii;:est"*_vu: Juices,
70 'Il_'lfl'"lit— lasds to

8. 3rniracles~small valved one.ings found loterzlly in th
thin nembranas between the thoracle aud abdoalazl s

. iy e
nNeiliSe

9. Trachene-tubes enterinz the body from the goiraczles

throush which 2ir »oeunetistes the bod
10, Heart- dor s21ly loc=ted iIn a siu
11. Aortz-only blood vesselj;ruas an head Dorsz2l si

12+ Ovarles-found lyinzg abvove the pOdeiiO1 :OLuLOu of th
gut.

13. Testes- narrow btubes 1n vhich sperm develo

14, Ventral Nerve Jordw=runs long veatral s

Ui }

hopper,

Alternsate nctivities

Teacher lscture

Have another student 3Julz you oa your weak polnts

Mske up your own test on Enabling ietlivity #2 and se
now :el you do.

Llternite Foruativ

W

You huve the cholce of either an oral ev.iluatlon gilv
vy the teacher or a written evalu:ztlon which the teacher
gilve to you when you think you are ready.

ne
ide of taz gr:

regut.

tract.

T

nlag

]

an
will



Boabiing activitiy #3: Het sorvhosis

‘|—lu
3

Metanoryhosls aifined as a2 marked cnange in structure

.

5

of an awianl during its srouth. XMost lasects uandergo these

5

* 4

chanzes in their dev:zlonnent, Soma 1ascclis sucn as grass-
noppers, true bugs, and teraites under go lncomgplete meta-

he egm, ihc

=]

nornhogls which consliets of three staig:

iz

nyann, 2ad taz adult. The nyrooh rssenbles the 2dult excent
for sanller slze, abaense of winrs, and lichk of devzlon-
ment of thz re-roductive organs.

Comnrlete amztuunorphosisc ocuurs in butterilies, moths,
flies, znd Heetles. This tyce conslists of Teour gtazes:
the erg, l:rva, rupz, and dult. The larvac are wormllixe
znd seguneirted, Devending on the kKind of insect, these l.r-
vae arsg ¢21lled c-=terpillwr, zrub, or w:igsot., Insests are
most destructive 1m thils stwe. After 2 period, ths larva
enters a puow or resting stage. Actually they are not rest-
ing at all, because 211 the tigsues of the larvs are trang-
formaed to those of the adult., M=aegots turn lato adult f{lies,
srubs to bvectles, wnd catenillars to Hutierflles or zoths,
Two horwones are laovolved In transforzing lra:iture fores to

adults. Thege are Jjuvenile hormone and ~rowth harrone.
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Activities for Enabling Activity #3

Sumit formative evaluation#2

Read: Enabling Activity #3

Film Strip: Butterfly 8 nin.
Film: The Hidden World of Insects
Independent Study

Conference

Activity #1

Make a Bulletin Board Display of Complete and Incomplete
Metamorphisis.

Actlvity #2

Make observations of egrs, larvae, cocoons, and adult forms
of insects provided by the instructor. You may also bring your
own forms to observe, Write down your observations and turn in.

Actlvity #3

Go to the library or use the selected references, and find
information as to what makes an insect go through metamorphisis.
Turn report in to the teacher,

Selected References for Enabling Activity #3

Storer, Elements of Zoolo Pe 336=337
Otto, Modern BIolOgY De E2§-526
Fltzpatrick, Modern Life Science p. 213=217
Curtis, Blology p. 285-287

Vocabulary

Metamorphosis
Incomplete Metamorphosis
Nymph

Complete Metamorphosis
Larvsa

Pupa

Grub

Magsot

Caterpillar

Juvenlile Hormone
Growth Harmone

Formative Evaluation For Enabling Activity 3

This will be a short evaluation (written). When you are
ready, repost to the teacher,
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ilternzte activitiss for Enabline wotivity 73

(=

Tezcher ¢ounferecncs hely

8tudent Tutor

Mak%e a lizst ol new lnverestlins words, to bs 2dded to
your vozabulary, awnd define, thsat you lewraed during
this topic

“ake up a2 ~uils on the information =2nd test ryoursell,

Photo~rasn inssects in diflerzat —whuses of metznornho-
sis using »lctures or slides.

If you were an insect, nd 7vou could chcose betuzen
he:wing com>lete or ilncoanlete metairorshosis, thich
would you choose =nd why?

Alternaite Porrnative

You have the chnolce betweern an or2l or wriltten evaluation.

Rewort to your teacher waen you are ra22dy.



Enabling ictivity j#4: The Socizl Insects

Insect soclal behuvior and human socilal hehavior have
nany similaritiss. 3Bees, 2nts, wasps, 2nd terultes.exhiblt
nigh dezree of soci:l hehavior., Indlvliduals carry on spec-
121 tasks and seom to work closely togetier Ior the Zood of
the group. Soume have jobs of collectias food, some are fight-

a

ers, and others are baby-sitters. Sore specles wage war and

wake slaves, and others construct complicated housing projects.

]

astoral ants shelter anhids. From thes they obtzia honeydew

23 food., Harvester ants gatuner and stors dedds in suumer so

1

they can survive the winter. The fungus aats =actually grow

) . 0

their own pure crop of cert:in fuugl in undergzround rardens.

The honey bee i1s a soclil luscct of the order Hdywenontera,
There =re three tyoses of individuals of a bee hive; the work-
ers, the droaes, and the queen vee., The workers are the most
numerous inhabitants of the hive. They are underveloned fe=-
males with the ovipositor wmodified into a stinz. Upon dis-
coverlng =z food supnly, the worker fills her stomach with
nectar, returns to the hive, znd &ither deposits the gather-
ed nectar or feeds younpg bees, She then executes 2 "dance"
that informs other be:s 31s to the direction a2nd the distiace
of the source. Zxperimeants have shown that the location of
the food source is indic :ted 1a relation to the sua's position.
Tne nature of the food 1s comwualcated by the odor oa her
body or in the nsctar brousht. The other bezs touch her con=-

tinually with their anteanae duriag the dance, Xectar held

in the stoxzzch 1s broken dowm by szalivary enagy-es to de¥irose



The worker rezurzitates this fluid i
where other younc bees, "housebazs”

and cause further chemlic:l chanse.

by faaniang thelr wlags and

The a121le bees

smzller thoa the gueen, Thelr body

thelr wings are very

ed ezgs. hey

tongues are not loag enousil

functionexcept to mate with The

the workers

and honey runs lov,

droines. The workers will either
‘tO de’ltho
The queen is

from the srecial tre-:

for which the egg is to zvow is
the larva hatches, they arz Ted

food they secrste

the queen

larger. After five days, the larva
a pupa, a2nd is then sealed Iin s
woriters, Aafter the mature queen ene
kills theother qusen larva in the

adult gueen,

er sting against another queen.

n
her fron xilling the o%

nave to be f=zd by the worders
to obtaln nector.
aueeil,
will no loanger

astiug

thelrrcest bee of thzshlve.
tment of a ferti
ealnrzed by

with extra »ortloags

"Tere

larae

colony If
they fisht until one ig killed.
Sometimes

ner aueen 1n walcn cagse
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cell of the comb,
ouths

riter 1s evainorated

they se=l the cell with wax.

er thaax the workers but
i1s thick and broad and
ievelop froz vnfertiliz-

because thelr

They serve no

ag auvtuwan anproaches

4

suprort the

or stairve tha drones

She develons
lized egz. 4 wax cell

the workers. hen

of a hisa

This substance

ntly and to bacome

nins 2 cocoon, change to

waxen ciazmber by the

zes Trom her cell, she

she finds another
She only uses
the workers prevent

lezves the

3
sne
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hive, taking severzl thousand bees with her to fiad a uew
hove. Thls is how overcrowding 1is vrevented.

About seven d=ays alter emerzging as an adult,'the young
queen aates with = drose high 1z the air. The drone's copula-
torn organs are thea tora away and remaln in the queen's gen-
ital bursa until removed by workers alfter her return to the

1

hive. The sperm wlll serve for 2ll the fertilized exzs she
will ever lay. In a few d:ys, she bezlins to lay her eggs.
She czn control tae Iertilization of her eggs. Unifertiliz-
ed eggs produce drones or males, wnile fertilized eggs »nro-
duce Tfemales., A queen may lay as many ag one million ezos

o

2 year and often live from five to ten years.
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Actlvities for Enabling Activity #4

Sumit Formative EBviluation #3

Module Reading: Enabling Activity #4
Regquired Film: "Story of the Bees"
Independent Study

Conference

Activity #1

Wwatch and take notes on the film "Story of the Bees".
Record specific behavioral acts that must have been
elther Inherited or learned. Be sure to record the
sequence of Jobs through which young workers pass, Be
aware of any special adaptions of the queen, workers,
and drones. Also note any behavior which might have
survival value for the colony. Sumit a summary state-~
ment to the teacher,

Activity #2

From a survival stand point, what advantages result from
soclety 1life? Are there any advantages in having a

queen whose only function 1s to lay egzs: Is she actually
a queen? Who rules the soclety? Who determines what
types of individuals and how many of each will make up

the soclety? Is this thoughtful behavior and has it
survival value? Sumit your conclusions to the teacher

and be prepared to discuss these guestions,

Activity #3

Make alist of organisms that you feel instinctive be-
havior could be investigated properly, Select one and
deslgn an experimental apprecach for studyling thig
organism, Sumit to teacher,

dctivity #4

From suggested references or library sources { or any
sources you may have}, do a study on the soclal lives of
the termites, wasps, and ants, Sumit to teacher,

Activity #5

Answer the following guestions on the film, "The Story
of the Bees™.

1. How many behavioral activities which must have been

eilther inherited or learned did you record? What
. were they?

2+ As shown in the film, what weguence of jobs do young
workers pass through congecutively after emerging
from the cells?

3. Devise an experiment by which you could check wheiher
this behavior is inherlited or learned.
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Selected Refersnces for Enabling ictivity /4

Berrill, Zlology in actlon =, 421=423

Pingermaa, animzl Diversity ». 152-154

Otto, Modern 3iology ©D. 155 438

Pitzpatrick, Modern Life Sclience Ch. 23 p. 521-523
De 236=24%4

Gurti§,6ﬁelena. Biology ©r. 229-290, p. 584-586, p. 550~
65

Formativesvaluation for BEaiblizng ictivity f4

dhen you =are ready the teacher will zive you = wrlthen
evaluation for thils activity.

alternatives for Enabliag ictivity #4

Teacher lecture
Teacher conference
Student tumtor
Pllms: Social Insects: The Hounzsy bee
3ecrets of the Pee VWorlad
Secrets of the int and Iasect World
Tne voic= of ths Inuevuu
dJorld of Insects
If you did not 2lre=dy 4o so, =nswer questions under Group

—

Activity /5 in this sectlon.

Alternate Pormative for Bnablianz Activity #4
Choose one,

10rally, with your instructor describe the jol
levels of 2 bee hive. Be prenared to answer =zany
may hw.ve concerning the hive and/or behavior of t

2.Prenare » debate with the tescher t-king which ever side
"oro" or "con", aud debate whether or not a hee is intelligent.
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activity #5: Some Insect Orders

Because there are so many insects, we will not be =2ble to

study them 2ll. However, we will loox 2t eizat of the more

coimon orders and le=xrn to recogaize the charsctervistlcs that
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types of wings 20d mouthparts -ad tyres of unetamorjhosis. Ine-
sects can easlly e found ia your hore, at school, in fields,
ponds or trees, under stones or nlding on »lants wlth almost
nerfeet camouflase,

k4

Lenidontera- This order 1lancludes tha butterflies and
moths, The word lepidopters weans "scale winged",
and was nzned bthls for fthslr brillant colors whlich
are due to zxicrosconic scale: on theilr wings, But-
terflies and moths cuil easily be distingulsied by

the followinz comparisons:

BUTTERFPLY MOTH
Flies during day Gener:lly flies in the dark
Pupa in chysalis Pupz 1in cocoon
Wings vertical when 2t Wings held horizontally
rest
Jntennae knobbed antvennae feathery

Abdomen slender Abdomen stout

Most levpidoptera denosit thelr ezss oa or near the
material waich 1s to be the Jood for the young.
Usually enszs are devnosited in the spring and develope
into caternsillars the following swimer, Metamornhosis

in the butterfly has alre:dy been discussed., The

butterfly »una rests in a hardendd case c21led a

Tisties include
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chrysaiis, The motz larve usually s»las a strong
¢ase of sllk cz2lled = cocoon. Tals order usurlly
ghends the winter in tha puna stage. In the suvriapg

the insect enerzes, totzlly chzaz=d, 23 tas ~dult

but terfly oxr moti,

Hymenopteirra- The social insects, beos, ants, and
w1808, are included ia thils order, The nune weanls
"membrane-7laged”, =nd tharefore the order is char-

azCetevized by tuo palvs of wiarms of this type. They

nave complete metzmorpnosisz snd bitlap or suczing

cr
W
i
st
t
r5
[a)

moutinarts, and o defilsite constrlicetlon betswy
thorax z2ud abdomen., The characteristics of tae

scclizl insects n-ve een dlscusacsd areviously.

t 1

Isovntera mews "guae winced", and gener-lly thils
oricr which include termites have ©woo walr of siml-

sre bsrmiul ln that they destroy
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cellulose, wlthoutvhich, the teraite could not live,
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thae body aad recesnilc o a shell ~re chareectreisgtlc of

tnis order. The word "eoleontera™ meuns "shearth-
winced." Some specles of tnig order, such as the

potato Weetle -nd the ©oll weevil, =sre very distructive,
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vilers, such 23 the 1ady buzs, =re veseficl:l lasacis,
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tyriold =20d dysentary. The stabls 1y =ud aorsafly



rate. If re-sroductics vev: uashecited il Al ol
suring survived, ons fly l-ying 200 esgs would
result In 2,020,202,020,200 flies in oaly tweive
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held straigzgbt alonz the Body wmes not in fll=ht,
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Activities for Enabling Activity #5

Sumit formative evaluation for Enabling Activity #&4

Module reading: Enabling Activity #5

Film Strip: Hymenoptera 4 ain,

Lecture: Collecting, Displaying, and Keying insects.
Film: Insect Mounting and Presexrving 14 min,

31lides with Sound: Entomology-~ Introduclng Insects

Independent Study

Activity #1

Observe and study the speclimens of pinned insects of each
of the 8 orders discussed in this enabling activity. Use
the microscope to look at wings and moughparts of each,
Write down on paper any you have difficulty 1n recognising.
You should be familiar with the common names and the order
name, Qulz yourself, or if possihle have another student
quiz you.

Actlivity #2

You will be given some insects and the key. 7oy and kKey
out the unknown 1lnsects. Consult the ingtructor 1s you
have difflculties.

sctivity #3

Report on an lnsect related disease,

Activity #4

Go on a field trilp where you should catch insects for
your collection, (reguired for part of summstive).

Selected References for Enabling Activity #5

Otto, Modern Biology Ch. 32
Morholt, A Sourcebook for_ the Biological 3ciences p. 510-
513, p» 557-568.

Vocabulary
Lepidoptera Trichonympha
chrysalls cellulose
Cocoon Odonata
Hymenoptera Coleoptera
Isoptera Hemlptera

Diptera Orthoptera



Formative Tvaluation for Iuablic- ietiviiy -5

Waen you are ready, ogk the tescher for your formative
which will be written. GFood Luciki

Alternate acthivities

PFilastrips (8) "Orders of Insects”

Using the avazilable slides, gmeclnzens have o student or the
tezcher gulz you on your xnovledse I insects a2ad thelr
orders.,

dlth =2 tutor, or =notier student, »sractice Xeylns out some

Insects.,
Corsult with teacher with -ny sweclfic sroblens,

alternate Formative fvaluzxtion fo. Znablins Activity g5

nd o)

Revort to ths tener for your svsluatiom, 3She will give
you an insesect nd yon will be required to key 1t out. You will
21lso be resuired to ldentify sone insects ~nd thelr order.

Good LucKi
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Schedulins

The Followilns is an exancle of o cchedule wanlch could be
uszd for this mini-course. This could be alterzd ln any way
the tzaichsi el necsssary. Tng exatinle shown 1Is for a 3 ireek

urilt ritn 50 ninute class:se.  Students should he iunstructad

\.;

P

2, Ffill ocut Tthasi, trxasitiny shoot ag
als wTill b

toy 1. Nhove raad enabliag act irltJ belore c¢las

class, nnd sign it,
taken.
2. gmet started =g soonm 2w nell rings.
4, stick to tiue schedule,

IPEAU|

20 nin, Introductiion to couwrs by teooher
: :tude;i

should start thele fansect

- t
20 ain. studente t:ige prat
10 min. Students o -0

~J\UT

ri avtiont  Zroun Worid O groun 822U,
ain, Grou o Activi :
Iﬂ”,‘eﬂﬁen
Sonferance
29 nin. Film: "Ths sinner- Sh:z Ianr:eh
Indenendent Itudy
Lecture on loLLLul turo aad Jlesmsification

c+< L3
—

Duv 3 Tatrodustory Inabhline wctlviiy

Porastive dvalustlons
no, 8.

5 1l

15 win. Groun
Inde ond
Confe Tence

15 min. Grouws unv tr 3
Inde -?\,A-,lr]_eu. v 3tudy

15 nin, Time 2)loted Fer Formaztive Tvaluaticen ;f Introductory.
Indeveident 3tudy
Sonfersnca

Day 4 Tnobling ictlvity A1

Materl-ls Jecsded: w3l hsers, Disectlug oan,
Discoeting xit, anl Microascope.

10 win, Orientation: Gener:l lad wroceducz, Directions
for pgrour activity 1.




35 nin.

5 min.

5 ein,

25 win,

15 nin.

5 nin.
Day 5
5 ia.

40 nin,

i,

i
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Group Activity- Dracings of q’ﬁasaonﬂbi snould
include 211 designated rnrts., Qusstiouns should
2l50 De uoupleted.

Slezn ud for next class. Put your gragshoajer In
a bag with your nwowe on it,. The tsacher will cone
around =nd check vour dravinss and guestions.

Enabline iciivity EE
Materiale:  Disecting ~wns, Geasshoomeig, Disecting
Xitga, EicrcuVOﬂn

Oriecvtatkon

Time alloted for Formativd Zv:lustlon #1., Severzl
stations will be set u: in a uvuLgnatud aresa. At
your convenlence , nd taea you z2re vrewdy, o0 th
the gtetions and take the ev:luations, Give the
saner to y.our teacher, and thueun ceontinuve with your
activities.

Group activity #%

SJonference

Inderendent 3tudy

Coutlnue with Groun acht fP

Lecture/Seatner- szanomy wnd Keys

Slean up laby zut zrasshonvers ian the bag wnd dis-
wose 1n fae garb-oce can, The teacher wlll check
Yyour work.

Enablinz Activity £2 (cont')

Daterl:ls: Bulletin Towpd Maiterlal: Construction
UW”““, colored naner, t1bﬂo tucs, owaste, sissors.
Orisat-tion

Froun ¢ct1v1tv #2 or 43
Indenendent ;tuJ
onference

Slean up

Turn in a2ssiznments

Enabling lcvivity /3

3cheduled Pornmatvlve for Enabling ictivivy #2
Independent study

Sonierence

Group Acitlvity 1, ,2, or i#3,

Film, "Hidden Jorld of Inmzcits"

File sbrl s "utteryly"

Indeneudsat 3tudy

Conference




 {o>]
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Enabling Activity 74

min, 3Scheduled time for formative no.3.
Independent 3tudy
Jonference

nin., Pilm "Story of the Bees": This 1s Groun Aetivity
#1 and should be read before watching film.

ag directzd.
min., 3unlt a summary st teu

to teucler,

*

Enabling Activity #4 (con't)

min, Group Activity #2 or #3
Inderendent otudz
Conlerence

min. Group Activity ?4 or i#5
$ﬂquweﬂdu‘t 3tud;

Jonference

Enabling letivity #4 (con't)

i

min. Group .2 Rewort
nin. Group #3 Renort
min. Group 74 Renort
min. Group #5 Report

Enabling activity Eﬁ

min. Alloted time Tor Foraztive Bvaluation #4,
min, 31ides with sound

Groun ictivity 1

Indenendent 3tudy

Enablinge ictivity #5 (con't)

iin. Teacher Lecturs on how to use a key, and
Individual hels on using Xeys.

Independent 3tudy
alne Group actlvity 2

Inderendent 3tudy
Sonference

tn2bling activity #5 (cén't)

sine Orient:tlon nd Instructions
min., Groun iletivity #3 or #4.

Formativetine alloted for Tnabling letivity #5
R R I % Ny T ey A

Catehr up day - Indenendent 3tudy

Stufv Tor Summative

Conlerences

SUMUATIVE EZVATLUTZONI (bbb ba vt atdidatndele
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sonferences

Sonfaronges re 207ersd An osest ol wnn cctlvitles.
could he used in variety of wars.  The stulent may aave

Loasl nroblens, ia whlelw caze tas Tenchar cousd X

in more detxll how the unit 1s zet up sad what Lo expect:d
the gtudzsnt, I7 the tascher le using sioni-unlits often en
the students ususlly will aot hove thls nroblem efter a s
periocd of time, How s G20 utuleans do o worive at varlo
durias ths yesr, whers or-anilzatlonni coanfereszce. 111 he
ST

The student o9 neged extry 2els on tople. Thils 1s
otuaer way in which Tesacheor conls unsd.  Ta
soulant gpecl~dl wrobizs Lt tho ta-mcher loae
to deal with, 7The te=casr 7odircot Lt iy ilst o cthe
activities not thae ocule.  3he wsy ol ey sugrestlons

v vz troubl

Lo ostudent oy
s1ire to vsethls tlie for ro:ding exerelsao, noother wos
tae confereness are for whotever wurronss th: taeaczher nd
The sgbudedt daslire to use therm for., It Lo o very zood ne
Tor the stulent teaziner 1o zget to know one =nciher on
one to one basls, The stuldsnts saculd be ureesd often to
cdvezatzre of thz gossions.

1
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3
w0

ce neners to grade
28 Hhe tescher ealls out this saswsrgd. This wiil gife luoedliate
feedback to the gtuizit and to the tewcher, The studeat tizen
éan oroceed immediately throusgh the package 1f he dozs not do

well on the v»re-test, I thas student does well on thz nretent

thz tzocner should Slrect ths student Lo zalternste activities.

g -
L) )
(R e
-

bechuse they comorlise thres-fourths of the zalazl Tinge

dom.

b, tihey couse !

C. We need to il
gatine our crovs

de they ruln our o

our aiinials nd ourselvea,

I R A S
SO 000 CITLS20.

our cuoons, and aurt

A atral
kL

ec
to coantroal their to ween thea Trowm
e -

{(thess are only = Tew of Ly accestod
3. Homerbee-ivaeos us honey
5ilx vori- 111 {(these ars oaly a faw
ot luseccts ol the wmany accaente
4, ks Ysous

o

fovoad on the outslle of

1
-

- Ay ey s A =
AT, oF comroMad eyved.

2
a,
Tasor
tinina
Lar8Ls
Oe  Tymnonua- fowvad larse oVl m2nbhrtasoul
atructure whlaoh
10. 2. Jable lines
2. lables ghov Totne pise,
c., the hsi=nt ghoula gt be
voried.
(these 2r1e oaly 2 Tew of the -y nccepted iswers)
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This paper describes an effective lnexpensive mastery
learning approach to teaching blology enrichment courses to
talented students, The alm of this strategy was to produce
enrichment units that the students could work lndependently
of thelr classmates 2t times of thelr own choosing.

The units are prepared by the teacher using the follow~
ing technlques stressed in mastery learning:

1. oblectlives stated in behavior terus.

2. pre-«test

3. instruction by various methods chosen by the student

4, formative evaluations

5. alternate instruction

6. alternate formatlves

T« summative evaluation
The units should consist of an introduction, a presentatlion of
major objectives to be mastered, suggested activities for achiev-
1ng the objectlves, related literature for further 1lnvestigation,
vocabulary, and study questions. Upon completion of a section
within the unit, the student takes a short, written or oral un-
graded formative evaluatlion covering the objectives of that par-
ticular section. The tests emphasized both memory and compre-
hension., Either the teacher, selected tutors, or the students

themselves check the formatlve evaluation., If the formatlive

38
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showed that the student was having learning difficulties, then
learning correctives were suggested, Each student had to demon-
strate mastery of the particular unit he was working on before
moving to another. Some talented students may be lnterested
in the same unit and therefore, may deslire to work on the unit
together, Having mastered the material, they may be called up~
on to tutor others who may need their help on the unit they have
already mastered. The teacher should encourage the students to
help each other in mastering the units whenever possible,
Although this program was not pllot-tested, the author has
the following expectations.
1. Talented students should enjoy picking out sub-
Jects of interest.
2, Talented students should be challenged with the
ldea of accelerating on thelr own,
3. Talented students wlll use their time more wisely
than in past curriculunms,
4, Talented students will master the material of their

own choosing.



CONCLUSION
Advantages of Mastery Learnlng Unlts
The method of mastery learning can be descrlbed as having
several strengths. Some of these are llsted below:
1+« Magtery learning is poslitive and would geem to help
in the positive self-image of students.
2, Time is not wasted working on subjects already
mastered,
3. The student can work at his own rate and not have to
walt for the rest of the class.
4, 3tudents have to master a unit before golng on to another.

Difficulties, Suggestions, and Criticisus

The major difficulty that teachers would encounter would
be that of developing thelearning packages. The problem hare
is primarily one involving lack of time. Teachers have little
time during the school year for the purpose of writing mastery
learning units, especlally if many are deslired. Blackburn and
Powell suggest the following:

Working with other teachers to develop and use packKages

probably results in more efficlent use of teacher time

and in more creative, practical, packages.
If the administration were kept informed on the activities in
developing the packages, they would surely support the imple-

mentation of the program,

50Blackburn and Powell, One 2t 2 Time, All at Once,
(Paligaldes, Callfornia: Goodye.r Publishing Gompany, Incs.,
1976). p. 101,

40
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It may be possible to purchase mastery units from a publish-
ing company. The school budget could be a problem in this case.
Teachers would have to convince the princliple that the program
18 needed and can be successful. However, purchased unlts are
not as desirable as ones made by the classroom teacher for reasons
which have already been discussed.

Implementing the packages 1n the classroom could also
cauge problems, Students possible have not had any experience
with elther packages or indlividuallzed programs. The teacher
may not feel comfortable wlth the procedures 1f she has no eX~
perience in the area. Blackburn and Powell suggest 1f the patke
ages are being used for the first time, "introduce them carsefully
and slowly. Start with one package perhaps even wlth only a few
students.'">1

After having sucessfully used the program with talented
students for enrichment purposes, the teacher may desire to use
them ag enrichment for the whole class, If this were the case,
gome students may not be able to read well enough to complete
the package. This problem could be solved by including many
plctures, illustrations, and simple words, in the unit, allow=
lng someone to read to the student, taping parts of the package,
havlng two students working together, one of which can read, or

using advanced students or parents as tutors.

51Ibid., p. 101.
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Relevancy 1s often clted as a problem that mastery learning
experts fall to deal wilth effectively. The experts say that
most, 1f not all, students wlll master the material., If a
student does not feel that 2 mastery learning unlt 1s relevant
to hls needs, 1t is possible, that no amount of positive pro-
cedures will help hls succeed. Therefore, some students may
not succeed due to lack of interest rather than because of dif-
ficulties,

Further Research

There are other areas where more research is needed to
convince teachers that mastery learning is an effectlve method
of teaching. After having succeeded in providing rewardling en=~
richment activities for the talented students, teachers may wlsh
to expand the curriculum to lnclude enrichment activitles for all
students, Depending upon the success of the enrichment program
with the whole class, the teacher may wish to expand the program
even more to include the use of mastery learning units in the

regular curriculum,
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