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Preface

By any definition middle and junior high school science education have come a
long way in a relatively short time. A strong drive to reorganize the middle level of
our educational systemn began in the late sixties in response 1 teacher and parent
dissatisfaction with che status of the junior high school at the time. The institution
had become no more than a little high school, disregarding its role as a transitional
unit betwesn elementary and high school. Not all junior high schools changed their
narnes to' middle schoc!, but many, if not most, reevaluated their role in the
educational system. This focus on the middle level of education and the students at
this level instigated a companion emphasis on early adolescence in science
education. - ' i '

“When the National Science Teachers Association established a middle/junior
high school division in its 1975 reorganization, the status of teaching science to early
adolescents was elevated considerably. Subsequent work by division leaders and
committee members focused atrention on problems associated with teaching science
to 10-1% year olds. The Middle/Junior High Science Bulletin, a difect outgrowth of
the division's work, was first published in February 1978 and continues with a new
name, Science Scope, today. In recent years, both Science and Chiidren and The
Science Teacher have increased their emphasis on science teaching ar the middle

“school level through more and better articles and particularly through Science and

Children's regularly appearing column, “Early Adolescence.” During this same
period the Nartional Science Foundation dedicated several grants to improving
science and mathematics education in junior high and middle schools. Even though
this source of funding has recently been eliminated, the fruits of projects begun in
the late 1970s are now being borne. o

One outgrowth of some of these projects is research which points to the middle

- school years as a time during which an individual’s future in science education is

shaped. An awareness of the shortcomings of science education at this level has
coupled with a renewed interest in the special needs and problems of students at this
level to spur an unprecedented degree of curricular and organizational change.

1n a recent report entitled, The Status of Middle School and Junior High Schoo!
Science, Paul Hurd and his colleagues survey science education practices, materials,
and research related to the early adolescent. The study, funded by the National
Science Foundation, was intended to determine the status of science teaching and "to
propose recommendations and prospectives for improving science education at
these grade levels for the eighties and beyond.” While the entire report is imrortant .
reading, the rccommendutibné are most relevant here. The authors state:

Science instruction needs to reflect the way scientific knowledge
is cieated and grows, its relationship and role in our technological
society, and its limitations as a way of knowing, Thus, the instruc-
tion should involve students in problematic contexts, in making
choices, considering options, contemplating risks, analyzing

. alternatives, and developing respect for varying-points of view
based on different interpretations of valid dara.
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Later they continue:

. . knowledge acquistion is not the only end gozt of science
schoolmg Utilization of knowledge in a problem context requires
the intellectoal skills of organizing mfgrmauon, analyricz] and
deductive reasoning, problem identfication, problem solving, risk
assessment, value identification, and much more. -

This is the philoscphy that Science and the Early Adolescent expresses.

Science and the Early Adolescent gathers togather selections from recent writing,
thinking, and speaking about middle znd junior high school science. Several journals
are represented here, induding The Middle/Junior High Science Bu.’letm Science
and Children, The Science Teacker, The Middle School. Journal,School Science and
Mathematizs,and Childhood Education. Every article that might be appropriate for
the middle s<hool or junior high school science teacher was reviewed and the best
chosen for inclusion. Every effort w.s made to communicate a coherent message to -
the teacher, That message—that the early adolescent is unique and deserves a
unique experience in science, one different from both elementary and secondary
science—recurs in many articles.

" The. introduction to Science and the Early Adalescent gives a philcsophical
backdrop to teaching in the middle or junior high school, addressing questions about

- the special demands of teaching at this level. For those unfamiliar with the unique

developmental characteristics of tre early adolescent, the second section gives a bit
of background and emphas:zes the cognitive and soczal/emononal aspects of this
deyelopment. The third section presents arzicles that focus on the methodology of
teaching science. Several concentrate on the difficult aspects of teaching 10-15 year

. olds and’ 'discuss topics like managing the classroom, orgapizing the laboratory,

assessing a science program, and generally utilizing a variety of reaching resources
and méthods. The last section gives examples of some very creative and often
overlocked answers to the "what to teach” question. Sample activities or unit ideas °

frotn the life and physical sciences, many stressing scientific thinking or science ~ -
process skills, are featured.

No bowk can satisfy all the needs of middle and j Jumor high school science
veachers. This fong neglected group can, however, reaS)pably expect that arrention
will once again be focused on their students and that the difficulty, as well as the
necessity, of teaching science at the middle level will be acknowledged. The intentof
this book is to help bring these particular concerns into focus. I hope you will agree
[ha[ it accomphshes this goal.

Michael J. Padilla
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Science has several rewards, but the greatest is that it is the
most interesting, difficult, pitiless, exciting and beauriful
pursuit that we have yet found. Science is our century's art.

Horace Judson
The Search for Solutions

. . . early adolescence is a crucial time for: .
e Forming attitudes abour self in relation to schooling
e Forming attitudes about self in relation to science,

e Forming attitudes abour self in relation to technology
e Acquiring essential skills of reading scientific materials,
wri:ten and oral expression, research, and investigauon
basic to further effective knowledge acquisition and
utilization.

Therefore, teachers should be given support in learning
how best to facilitate the development of these attitudes
‘and skills. ~

'Paul DeHart Hurd, et al.
The Status of Middle School and
Junior High School Sctence
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Middle 'School/]unior High Science:
Changing Perspectives
Paul DeHart Hurd

In our schools, early adolescents form a very special zroup of students. But, they
are not always viewed in terms of their uniqueness. Until recently sociologists,
psychologists, and educators focused much of their research on early childhood and
adolescent development, neglecting the life span berween these two phases of
maturation. Sporadically, the middle group is inciuded in educaricnal surveys to be
sure they are still there, but not much seems to happen in knowing more about
them. Several years ago inz study on the early adolescent and the learning of science,
prepared for the Mational Science Foundation, I commented: “Unrecognized,
underprivileged, and undereducated describe the early adolescent in the American
school system.”(1)* :
' SOME POSITIVE RESULTS

In spite of all the social turmoil in America .and undue pressures on schools there
are worthwhile developments. The concept of the middle school has evolved
stressing the imporiance of a separate school environment for 10- to 14-year-olds.
In 1977, the Natioral Science Teachers Association formed a middle school/junior
high section to promote effective science teaching. The same year, the Science
Education Directorate of the National Science Foundation made scierce education
of early adoiescents a focus of interest. Also, a national Center for Early Adolescence
was established at the University of North Carolina.(2) The 1981 Yearbook of the
Association for the Education of Teachers of Science is devoted exclusively to middle
school science.(3) From all of these efforts, an increasing number of concerned
teachers and administrators are cevising ways to revitalize science teaching for early -
adolescents. .

- A NEED FOR PERSPECTIVES

What has nort clearly emerged in the history of the middle school is a conceprual
framework or rationale to justify and guide the teaching of science. Educational
innovation has been largely limited to organizational and administrative matters
with a minimum of curriculum development. Of primary impvrtance is the identifi-
cation of goals and policies that: 1) are consistent with the current nature of the
scientific and technological enterprises; 2) harmonize with recent cultural shifts in
American life; and 3) recognize fully the uniqueness of the early adolescent as an
individual and as a member of society. Without such a base, for debate and action,
our most well intentioned teaching efforts may be little more than frivolous
acivities.

“eSee References arad Nutes.

i
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THE SEARCH BEGINS

In 1980, with financial support from the National Science Foundation (NSF), a
research team operating under the zegis of the Center for Educational Research and
Evaluztion (CERE) began 2 fifteen month study of science teaching in the middle
schools.(4) The team analyzed previously reported national surveys of science
teaching completed berween 1965-1970 and 1975-1980. The purpose in using the
two time periods was t detect whether culrural shifts and changes in the enterprises
of science and technology over the past decade are reflected in the middle school
curriculury The texm searched especially for the rationale, goals, and objectives
which seemed to represent the conceprual basis for middle school science teaching.
Among the findings was rhe discovery that less than half of the middle schools in the
United States have a science program designed specifically for the purpose of
improving educational opportuniries for early adolescents.

A fundamental question is what do scientists, and science curriculum developers
eacn think middle school science teaching should be about? The team could not find
a commonly accepted set of purposes, nor a theoretical or empirical justification for
what was being raught. It did learn that a majority of middie school science reachers
found the following instructional objectives to be unacceptable: 1) development of
inquiry skills; 2) scientific literacy; 3) career awareness; 4) science/technology/
suciety interactions; 5} ethical and value implications of science and technology; 6)
science for effective citizenship; 7) appreciation of science and 8) understanding
one’s self and the world in which we live. Such goals were regarded as diffuse,
impractical, remote, unrealistic, and sometimes contrary to community beliefs.

A LOOK AT TEXTBOOKS .

Knowing that textbooks largely determine what is taught 151 schools, the CERE"
edm did a content analysis of commonly used science textbooks for the middle
grades.

Of twenty innovative science programs proposed, or under development, for
muiddle schools in the late 1960s, only one, the Intermediate Science Curriculum
Study, has made it into the list of twelve top-selling programs ten years later. There
were only minimal differences between an edition of a textbook published in the
1960s and an edition of the same book published in the late 1970s or 1980s. Iin the
textbook analysis, the team discovered middle sch:ool science texts that introduced as
many as 2,500 technical tezms and unfamiliar words per single book. A beginning
foreign language course requires half this number of new words. Today, the
vocabulary load of most middle schocl science textbooks is so great that it essentially
precludes a conceprualization of scientific ideasand principles.

STUDENT OPINIONS OF SCIENCE
Information cobrained from the three National Assessments of Educational
Progress (NAEP) in the sciences indicated student attitudes toward science and
about science teaching. Some student reactions were these: 1) They are lukewarm
about their science courses; 2) They like English and mathematics b=zter; 3) They
feel science is interesting, and teachers try hard to make the subject exciting; and

12

<
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4) They do not feel competent in learning science because there :i:é too many facts to
memorize. The peak level of student interest in science between kindergarten and
high school graduation occurs during the middle school years, yet two-thirds of the
Middle School students state ihey would not take another course in science unless
required to do so. °

One of the more intriguing findings from the NAEP data shows that the level of
middle school student understanding of the interrelation of science, technology,and
saciety exceeds the amount of such informarion found in the textbooks they use. By
age thirteen, most students are at about the same level of scientific literacy as their
parents.

‘ PROFESSIONAL GROWTH

Middle/jr. high science teachers get most of their professional information from-
other teachers who have atrended regional or national conventions, book salesmen,
or college courses. Educational theory, the results of research inscience teaching, and
college-bused science teaching specialists are viewed with suspicion and judged to
have little to offer for correcting educational deficiencies. Professional journals such

" “as The Science Teacher and Science and Children, are perceived by half of the middle
. school teachers to be their best source of information on science teaching, yet nearly

two-thirds of middle school science teachers admit they do not read professional
journals, ‘

THE MIDDLE SCHOOL CONCEPT

The philosophical concepts behind the middle school movement were studied.
From the time the junior high school was organized early in this century, there has
been almiost continuous debate about its legitimacy as a separate part of the
educaticnal system. Criticism of this “stepchild of public education” reached a critical |
high point early in the 1960s. As an alternative to the junior high, a middle school
concept evolved representing a rethinking of what an educational program for early
adolescents should be like. This debate s still going on. There is a consensus that 10- .
to 14-year-olds have special physichl,"cognitive, affective, and social needs. There is
also agreement that many of these needs have become intensified in recent years,
reflecting changes in family life styles, changes in social living, and new demands
upon 'the adaptive capacities of young people.

NEW SCIENCE TEACHING PERSPECTIVEs EMERGE

The CERE team studied 30 commission reports on science education published - -

since 1970. The team’s interpretation of the reporrs formed the basis for the
following perspectives on teaching science in the 1980s. -
.1. Science and technology have become fused in their impact on society and

personal affairs. This suggests, a) that science and technology both have a place in-

the school science curriculum, and b) that a social context for science teaching i isa
pr mmy in new curriculum developments. '

2. Science and technolug,y in a social context invariably raise value and ethical
questions both personai and social. These issues are not to be avoided in science
teaching since they cannot be avoided in real life. ' ) -
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3. A primary corcern in all teaching is the acquisizion of knowledge. Of equal

- importance is how knowledge can be utilized effectivcly. This means science

teaching. should be extended to mclud;e the skills essential o the processing of
scientific and technological information for personal and social use.

4. The effective utilization of scientific information in human affairs requires that
a student have an understanding of, a)'how to make decisions by selecting actions
among alternatives; b) what'risk means; and c) how preferenices, ethics, and values
influence judgment. ;

5. To properly display the i mteracuon of science, technology, and society requires .

- that a major fraction of science courses be organized in terms of problems, some

societal others personul. Typical of these problems would be health, energy, human

growth and development, management of natural resources, and the ]ClSUl‘C uses of
science among others.

6. Science courses should include problems that students will need to deal with
throughout their lifetime. This. suggests a science curriculum more oriented to the
future than to the present or past. For many years, the tone of instruction in science
courses has been large‘y oriented tow:ird the pastand taught as a history. How often
have we heard "this is what scientistshave learned” as though science were aclosed

book? The basic assumption underlying a future perspective for science teaching is’

that neither science, technology, nor society is static. The only constant inall of life is
change. Now that human beings arelin control of their own evolution through the
problems they generate or resolve, jour future well-being can be jeopardized by
courses in science and technology that have only historical meaning.

We are in the midst of both a social and scientific revolution-and herein lies Gur
professnonal challenge, a science program that at least parallels these changes.
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Junior to What?
Donna DeSeyn

And they called it the junior high school!

There's something about being junior that suggests immaturity. Was the junior
high so named to condemn it.to eternal immaturity?

Whatcan its future be? It can never grow up and become senior hign school, for to
do so would leave a void in the system at one of the most critical stages of student
development. So it goes on foreveras junior.

Junior to what? To senior, of course. Junior learns to emulate senior—to walk like
him, talk like him, think like him—until someday he replaces him. Is that what is
supposed to happen to the junior hlgh school? Is it supposed to emulate the senior

- . high school—to behave like it, to schedule like it, to test like it, to emphasize content

like it? If so, it is. well named. But if not. .. .
~ The junior high school is far more than it litele hlgh school Its students have
different needs, its teachers different aspirations for their students. Junior high
students are students in transition. They are at a point in their lives where they are
no longer children, but not yet adults. Nevertheless, their iitellectual, emotional,
“and social needs are just as distinctive. They are very much aware, for example, of
their changing bodies; are vulnerable to peer pressure; would like to assert a bit of
self-independence, but are still very much in need of parental guidance;are reaching
a crucial stage in the development of their intellectual self-image. Such needs and
pressures can no longer be’ satisfied by the elementary school approach; yet to
diminish the importance of this transitional stage by saying that it must conform to
the way the senior high does things means that our ]umor hlgh students are in fora
" disastrous three years of self-deception. '
Early adolescents must have experiences which wean them from the protective
care of the mother/father i 1mage of the elementary teacher and help them grow to
~deal, with ;a variety of adults. They must learn to move from a child-centered
experience to a content-centered experience. 'To expect such a change to occur by
giving them a summer vacation to grow up, or even by breaking them into seventh
grade gently during the first quarter, is to wish,for miracles.

Many school experiences which should occur at the early adolescent stage have
been identified. They can be provided by the public schools and provided well. But,
“they must be provided by a mature program, and I'm not sure that the " junior” high
. school mentality is able to provide it. The junior high school musz grow upforthisto

happen, and it can't happen as long as it thinks of 1tse1f as “junior.’
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ObJectlves fo Middle School Science

Burton E. Voss

-Middle school science is an jmportant topic which is currently being emphasized
by local school districts and national government agencies alike. One reason for this
emphasis is the alarming evidence that 50 percent of all students take no more
science after high school bloll)gy, typically a first year high school course. This fact
has real implications for sciefce taught in the middle school, yet the question, "What
should middle school scnenge be?" is not a simple one. This article. attempts to
outline some of the issues lTvolved in g 'mswermg it.

: CONCEPT DEVELOPMENT

The middle school qtuderJt is still learning facts, but is beginning tb assimilateand
integrate them into concepts and conceptual frameworks, dependmg on the stage of
his/her intellectual development. Of particular importance, the students should be
. learning how applications f basic concepts are of use in undersmndm and solving
problems involving health/energy, environmental pollution, and technology These
man-made problems could be studied as separate units or mfused into the regular
curriculum. - P
Examples of concepts middle school students should study are:|

! i

Life Science: environment, llfe cycle, habnmt population, ecosys!tem circulation,
respiration, digestion, excretion, reproduction, photosynthesis, successnon recycle !

behavior, classification, heredity, adapmuon R ; "

1
Ezirth Sciences: séasons, erosion, weather, fossil record, eclipse, h}umidity, weather
front, air_pressure, water cycle, earth’s crust, minerzal, space exploration, orbital
motion, precipitation, contmenm] drift, solar system, gravxty,sedlmem weathering,
. geologic time scale, solartenergy : :

Physical Sciences: propérty, density, boiling point, model, magnetic field, electric .
current, circuit, electromagnet, force, matter, element, interactions, solution,-

_buoyancy, energy transformation, light, sound, doublmg nme net energy, nuclear
energy, machine. ! |

i PROCESSES OF SCIENCE

In the middle school, process skills should be developed to foster decision making,
As the child progresses tﬂrough the lower grades, the basic processes are developed:
observing,. mferrmg, using space/time relationships; measuring; communicating;
classifying and predicting. In the middle school years integrative processes should be
developed such as: formulation- hypotheses, identifying and controlling varizples;
interpreting data; and expenmemmg Eventually all. of these skills should be -

-

. l
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synthesized into problem solving where students can: identify a problem; state a
hypothesis; gather relevant data; study alternatives; interpret the data; make a
decision based on the data; gain ideas for new résearch. Students should be afforded
the opportunity to use problem solvinig related to issues in science, techinology and
society. - : ‘
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Closely related to the processes of science are psychomotor and investigative
skills—primarily laboratory based. Science programs place special emphasis upon

“these skills and it is for this reason they are recommended. These skills are:-

1. The use of laboratory equipment such as the Bunsen burner, balances, ther-
mometers, volume measu'rerﬁents, and the microscope. _ .

" The use of library references, scientific figures, scientific notation, the metric
system, writing laboratory reports, and communicating data.

D

NATURE OF SCIENCE, SCIENTISTS, AND SOCIAL IMPLICATIONS
The middle school science program should include opportunities for systematic”
instruction related to the nature of science, scientists, and technology. First of all, .
students should understand that science is for everyone, rega-.less of race, sex,
physncal or mental handicaps. They should recognize there are multidisciplinary
aspects to science with implications that societal problems cannot be solved by
science alone. Also, science is a2 human enterprise—it involves laws, values and

“moral decisions. Students should be sensitized to the abuses of science and technol-

ogy. They also need to undersrand that science is open ended aud revisionary. They
need to understand scientists, their values, and the methods the use.

Recent studies by the National Assessment of Educational . .. ress(2) indicate
that 46 percent of 13 year olds tested feel that science has caused most or some of
today's problems. On the other hand, 58 pércent of the 13 year olds feel that science
will solve 205t of the ration's problems. There are conceras about how science
alone can'solve problems. More and more science discoveries and technology have
societal impacts;-for example, environmental effects of nuclear power reactors and
coal fired piants. Student attitudes and their moral reasoning can be aided by
integrating sciesce and social studize, Through integrated programs, students can
learn the impru'tance ol -icnce, science a_nd's{)cial science, scientists, and the

-scncnufxc methods needed to seive human problems.

PERSDNAL-SOCIAL GOALS
The middle »-Fool years are the times when students need assistance with the
development i versens! sccial goals. The students are acutely aware of themselves:
how they look tow hey dress; and rheir relasionships with their peers. The Report

on Early Adu/.veenee steres "the carly .lﬂOlCSL .0t is newly a‘wakened to the imper-
fection and hyperrny b tae aduic worti [ They wonder what the world has in

store for them. The xiuds 1 f ~creers ir: science 013 technology should be a part of the
curriculum. The cancept bt vardz ity v heaght. weighe, sexual development,
intelligence, anc zogaition <dev:lopnient i nos»ns should be stressed. Students
should observe that teachers . .-se 10r v« counsél them. The “small house™
arrangemer: where a cluster of 106 sti’ents iz served by a curriculum team, plus
hause counse.‘ur, is an interesting nnvation in some middle schoals, The middle -
school is a 2% where social skills can be dﬂveloped and a place where extremely
deviant be‘m, i shouid not be wlerated.
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REMEDIAL SKILL DFVELOPME’\]T AND ENRICHMENT

Lastly, provisions’ tor dm;,nosuc testing to determine basic skills in reading and
mathematics should be made. The datu are very clear that many students are below
grade levels in busic math and reading skill development. Students should have the
opportunity for remediation or enrichms ¢ ‘of reading and mathematics skills.”
Epstein(4) has found from his research that there is little gain in the size of the brain
in children between 12 and 14. He implies that little intellectual development oceurs
at that time. Thus he is much in favor of the concept of remediation and exploratory
enrichment in the middle school. A good middle school program should provide
activities such as school camping or outdoor education activities, visits to museums,
visits to scientificand technological laboratories, a science club or an ecology club for
all students. In addition, many schools have a program for the gifted.

CONCLUSION
Objectives Tor.middle school science should recognize the physicaland mtellectual
development of students. Knowledge and problem solving are important tools for
investigating and undersmndmg science-societal issues. Integration of mathematics
skills, science ob;cctxves and social science objectives should be lmplemented .
Development of creative curricula to assist early adolescents to cope in'a scientific
and technological world are a real challenge to middle school educators.
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| A Not S:o,Tongue’ in Cheek View of
Middle Schocl Classrooms /;

Dorothy Rathbun [Kennedy] I

So you've taken on the job of teaching science to a bunch of middle'schoolers, eh?
Congratulations are in order-—(1) for your good fortune in ﬁnding (or keeping) a
job in today's glutted market, and (2) for your courage. You wili need every ounce of
courage you can muster, for today’s middle schoglers are not exactly what some of us
oldtimers used to call “nice, well-behaved children.’ They can b/e ‘such demons, in"
fact, that g,xvcn a choice, you mxght choose t<7/wa1k into a den o/f lions rather than -
your fifth period class.

Maybe rule No. | should be: Don't turn your back onyour students-—especmlly if
you have Bunsen burners or dissecting kits at hand. Forget/about writing on the
blackboard. Rig up an.overhead projector 5o you can face the class as you jot down
notes and assxgnmcnts for them to copy off the wall or screen behind you. You'l fm ‘

audi in the world. Avid TV-viewers from birth, th/y have absorbed everything -
from. . .ume Street” to "Baretta,” and when they come to school, what they
most i$ to be entertained. You can deplore that tende/ncy all you want, but yo need
.10 face 2k truth of it.

/ If ye have any dramatic talent, don’t fight it Let it have full sway/in your
c1.15< room. ott,dymg bacteria? Comne in dressed as “Lowis Pasteur. Repules' Drapea -
/ "snake. around your neck. The moon? Rent a space-man ‘suit. It's not/absolutely
' essential to be an entertainer, but you mustat ledst acknowledge the need for variety
in your classroom. You probably were attracted to the field of sciencg in the first
place because you found it exciting, fascinatirig, thrilling, filled with ihcredible bits
and pieces of information that turned you on. How can you help your/students learn
to see the world of science in the same way> Youcan'tdoit by lecturing every day or
giving long readmg assxgnmems with questxons to answer at the erld of the chapter.
Students this age literally won't sit still for it. :
If you're going to work with middle school students, let this t ught be engraved
onyour brain: They have a short 2 ttennon spanand anincredibly high energy level.
That's why they squirm so much when youdo all the talking. Try to find some games
or activities that will let them get up and move around the Yoom once in a while.
Keep in mind, though, that they're clumsy, like puppies thathaven't grown.up to fit _
. their feet yet. So don't leave a rack of test tubes in the middle of the floor. Use
movies, f:lmsmps, videotapes, dxsplayq and exhibits, individual and group projects,
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study guides, workbooks. puzzles, student demonstrations, drills, pop quizzes—
whatever it takes to keep things lively and moving.

While you want lively activity, of course, what you doso? want is destructiveness
and danger. So you will have to establish in the beginning thut you are the boss, You
are not their pal or their playmate. You are their host, and as long as they behave like
ladies and gentlemen (or reasonable facsimiles, as such matters g0 in 1978), they are
welcome guests in your laboratory. You have a lot of interesting objects for them to
look at and experiments for them to conduct, but they must obey a few simple
ground rules without question or argument. You convince them of all this through
sheer force of personality. You have to say what yoﬁ mean, say it clearly,and make it
stick, A science classroom can’t be run reasonably any other way. Let them know the
ground rules the first day. Then get on with all those exciting projects,

Science teachers as a group tend to be fairly well organized and tidy people.

- Unfortunately, middle school students as a group do not. Your youngest students are

apt to have a terrible. time just- getting their bodies, notebooks, pencils, and
textbooks all into the classroom at the same time. Be patient with them at tirst, but
make it clear that this is 2 minimum daily requirement. Then you can move on to
bigger and better tasks, like helping them improve their stud; habits. Ler them
know that standard cop-outs like “you know what I mean” and "that’s close enough”
are not acceptable in your classroom. Insist on proper termmoloby. correctly spelled,
forming exact and accurate’answers. :

1t’s hardly popular ir. educational circles today to speak of rote memorization, bue
let": be brave enough to admit that basic science courses require this skill. Shovt your
students how to memars. 1 list of terms. Tell them to say the word and the
definition, then cover up the definition, say the word, and try to supply the meaning

. without peeking. Then do it in reverse. Pair students off for this exercise. quk

around the room and listen. Shoot rapid-fire questions at them.

Of course, you're after more than good memory skills and high quiz scores. You
want your students to grasp some broader concepts about the very.things that
excited you about science in the first place. If you can get through the basics with
them- successfuily, you have a good chance of helping them cross over into this
wondrous ares. Your own enthusiasm will be the key and someday it will altfall into
place. You may not hear a click when that happens. But you could very well (over)
hear a hallway comment like, "1 can hardly wait for science class today.” And when
you can hardly wait to get to school'yours: 'f, then you'll know you've really arrived.
The demons are no longer demons, and the work is beginning to resemble fun.
Congritulations! Your bravery and determination have paid off.



Developmental Characteristics
- of the Early Adolescent

Early adolescents, 11 to 14 year olds,
are tnute varied physically,
intellectually, and socially than any
other school age group. The extent
of these variations suggests that the
goals and subject matter of science
education should be special for this
age group. Such a science education
program would take'into
consideration the intellectual and
social needs of these young people as
they progress toward adulthood.

Paul DeHartﬂHur‘d,vet al.
The Status of Middle School and
Junior High Schoo! Science
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Forma’ Operatlons and Middle/Junior
High School Sc1ence Education
Mnc.‘hael J. Padn}l!a

"If Piaget’s notions are correct, then much of the time spenton science instouction
in elementary and middle schools today is wasted. Eve:rt worse, if we cont/tiue to
insist t}3at students learn ideas that they zre unable to understand because they lack

_the logical structures necessary for undesstanding, they have little choice but to
resort to rote memory. As a result, they develop poor study hablts, poor amtudes
teward school and low self uﬂdge " (4)

The impact of Jean Piaget's writings on education has been considerable. Science .
education in particular has felt the influence of Piaget through the general philo-
sophy which promotes a "hands-on" approach to science as well as programs such as
the Science Curriculum [mprovement Study (15) and Science 5/13 (14) which are
based on Piagetian theory. In the last few years, a relatively large and controversial
body of literature regarding science teaching rad cognitive’development has
emerged. What effects could or should this research have on the classroom. teacher
of grades six through nine?

DEVELOPMENT REVIEWED

Piaget and lds co-workers defined four basic, sequential stages in the develop-
ment of logical thinking abilities. (12) According to Piaget's writings, the concrete
and formal operational stages are of greatest concern to the children and teachers of
grades six through nine becauss most children of these ages (11-14) can be classified
in one of them or in trapsition. i

Most important to understanding what Piaget really meant by concrete and
formal operations is a knowledge of his goals and methods. He made generaliza-
tions zbout the cognitive structures or network of operations that a child had
available for solving logical problems. Obviously, one cannot siripiy measure these
structures, but rather must infer their existence through physical and verbal |
responses to problem sltuanons These responses are the heart of the clinical
merhod, developed by Plaget, in which the child is asked tojustify his solution orally.
Thus, one often hears references made about students’ abilities with tasks, What
must be remembered is 'that the basis for success on a properly admmlstered task is
the cognitive structures available to the student. '

While there is some disagreement as to whatactually constitutes formal thought

- processes (7), several standard tasks developed by Piaget have been used exten-.
sively. These tasks are problem oriented and usually challenge a subject’s ability to
ideatify and contr91 variables, to use proportional thought, to apply propositional

logic, and/or to use a combination of reasoning abilities.

/
/
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RESEARCH FINDINGS ON FORMAL OPERATIONS

Starting with Lovell's studies in 1961, evidence began accumulating that not all
childrei move from concrete to formal operations at age 11 or 12 as Piuger asserted
In fact, a great discrepancy between research findings and theory has become
evident. Many college freshraen have even been found predominantly using con-
crete thought processes. Chiapetta concluded from several formal operational
studies that most (over 85 %) adolescents and young adults have nor fully developed
formal operational abilities. (2) In 1978, Renner tested almost 600 students from
grades 7-12 administering six tasks to each student. Only 17% of the seventh
graders, 239 of the cighth graders and 34% of the twelfth graders exhibited formal
thought processes. (13) While other research studies (5,6) show slightly different .
numbers of subjects at formal operational levels, the overall generalization that can
be drawn is that most children in middle and junior high schools cannot use abstract
reasoning abilities.

CONCRETE AND FORMAL CONCEPTS i

Lawson” and Renner (8) divided selected science content into- either concrete’
concepts (those that can be developed with firsthand experience with objects) or
formal concepts (those whose meaning is derived through the theoretical models of
science, not from concrete objects). Digestion and bulb brightness are examples of
concrete concepts; ecosystems and nuclear energy are formal concepts. After the
regular classroom teacher taught a unit, the students were tested for uriderstanding
of the material. For the purposes of this stucy, understanding was defined as the
ability to answer content questions at comprehension and application levels using
Bloom's taxonomy. Across all subject areas, formal thinkers performed considerably
higher than concrete thinkers. Especially interesting, however; is the fact that
almost no concrete thinking students showed mastery of formal concepts. While
formal thinking students did master some formal concepts, they performed much
higher on the concrete concepts. : '

Following up on these results, Cantu and Herron (1) explored the relative
efficiency of using illustrations, diagrams and models to teach formal and concrete
students. They concluded that no matter what kind of concepts were being taught
that formal students understood better than concrete students, that concrete stu-

“dents did not learn any of the formal concepts very well and that concrete students

did learn concrete concepts provided that formal reasoning was not part of the
teaching strategy used. Similarly Goodstein and Howe attemptéd to show that
concrete models and exemplars encourage better understanding by both concrete -
and formal learners. (3) ' v

Although these studies were conducted with high school students and high school
subject matter, it is likely that similar results would occur with children aged 10-14:
Certainly the data from these studies implies that science teachers at all grade levels
should be taking a long; hard look at their course content. If a great number of
students are not formally operational, even by grade twelve, and if concrete opera-
tional students do not learn formal concepts, then middle/junior high school
teachers should both concentrate on concrete concepts instead of the more abstract
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ideas of science and should attempe to<develop teaching procedurés that use concrete
examples, models and other materials as much as pussible.

TEACHING AND DEVELOPMENT
" Should teachers only reduce the complexity of science contentand notattempt to
raise the level of thought among students? No, teachers should continue to identify’
successful teaching strategies and to apply them in the classroom. In a review of
recent literature, Levine and Linn listed several variables relevanit o scientific or
formal reasoning. Among these are the number of variables ind given problem the
students*familiarity with the variables, the amount and quality of school experience,
the strategy for task completion and the students’ problem-ozganization skills. (9)
All of the above factors can be somewhat controlled Ly the classroom teacher. By
. organizing numerous experiences with experimental variables and situations with

which children are familiar and by carefully controlling the number and complexity
of the variables being considercd, the teacher can begin to shape the experiential
background of students. Also, teachers can present useful learning strategies, ones
which help to solve types of problems (e.g.,an emphasisona “fair" experiment) and
ones which help to organize and clarify information (written records and chatts).

These generalizations were made from numerous individual and independent
studies. None of these studies-was greatly successful at improving the level of ;
thought as measured by transfer of abilities on highly related tasks. But most used
only short term training sessions. While long-term effects of such procedures can
‘only be conjecture ar this time, these merthods offer good possibilities.

2y
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SUMMARY

These research results point to several conclusions for m:ddlc/]unlor high school
teachers. Most childrén aged 10-14 are not formally operational and no matter how
teachers teach, the students will have grear difficulty comprehendlng abstract
science concepts. Teachers should review curriculum topics and cull out the unneces-
sary abstratr concepts. Cont?ary, to high school science where formal concepts are
intrinsic to chemistry and physics instruction, there is no real curricular necessity for
teaching abstractions to children in grades six to nine. Enough important concrete
concepts are available.

Onc final note of imporiance to science teachers is that over the past twenty years,
much emphasis has been placed on the science process skills. This dimension arose -
out of the curriculum development projects of the 50's and 60's. Of enormous
importance is the similarity between the process skills and many ‘of Piager's lgglcal
abilities, such as identifying and controlling variables, hypothesizing, application of -
proportional reasoning in data interpretation activities, class tication, describing
relationships and many others. (11) Thus, when trying to emnance development
through science teaching, no new philosophy of teaching need be adopred. The
classroom teacher should continue to use concrete activities stressing appropriate
process skills. The only new awareness is that many of the process skill abilities are
developmental in nature and thus will not and usually cannot be learned overa short

period of time. /
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. Developmental Characteristics in the Concrete Operational Stage

* Cun solve logical problems through manipulation of concrete objects or
experience only

s Can mentally reverse actions and operations

e Can classify and order objects

e " Can understand that ubjects do not change in volume, weight, or number
when they are spatially rearranged (conservation)

o Cannocidentify and control variables, use proportional reasonmg or prop-
ositional logic or generate multiple possibilities

e Cannot reason in the abstract ’

Deveiopmental Characteristics in the Formal Operational Stage
Can interact in the hypothetical :

Can formulate and test hypotheses by identifying and controlling variables
Can generare multiple possibilities

Can' reflect on his/her own thought processes

Can solve problems using proportional thought processes

Vo
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Designing Science Lessons
‘to Promote Cognitive Growth

Harvey Williams
C. William Turner
Lucien Debreuil
John Fast
John Berestiansky

Jean Piaget"s view that a child’s degree of intellectual development results from
both maturation of the ..ervous system and experfence has lielped science educators
to understanid why John or Susan may not yet be able vo learn specific science

" concepts. It has been less helpful in showing us what, if anything, we can do to
enzourage tognitive growtl -—-largel_v because Piagct's analysis of logic is %o
complex. )
. What we hope to do here is to restate Piaget’s model so that it relates directly to

teaching and learning science. In doiag so, we will describe intellectual activities that o

are readily observed in the science classroom (we call them “legical actions™) and
show how specific science lessons for junior high and secondary students can be
. designed to encourage cognmve development.

Cur desceiption grows out of work we have conducted cooperauvely over the past
six years. We welcome reader comments and'suggestior ‘hat may help us furlher
refine our endeavor. .

Before describing our work, we feel it appropriate to  make a fow points about the
nature of models. Behaviorist theory, which has domirated much of the research on
knowledge and learning in the twentieth century, has focused on relationships .
between stimuli and responses, avoiding consideration of factors that might inter-’
vene between the two. [3] :

-Because the inadequacy of this approach has become more and more evident, -
.psychologists have recently increased their efforts to formulate models of mental
processes that mighi intervene between stimuli and responses. That is, just as
physical scientists formulate models that make observahle phenomena mote predic-
.table, psychologxsts have formulated models [ha[ may render humanbehavior more
predictable. ,

Piaget's theory of cognitive developm‘. nt, to consider the case in point,is a model
of the intellectual structures that develop from infancy to adulthood. But it can no
more be taken as an absolute description of intellectual development than can a
physical scientist’s description of the atom in terms of quantum mechanics.
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TWO KINDS OF KNOWLEDGE

Piager distinguishes between two kinds of knowicdge: figwrative and operative.
(2] Figurative knowledge relates to factual mztesial, such as names of parts of
speech, multiplication tables, and dates and descriptions of events. Operative
knowledge consists of the ablllty toapply [ogu:a! processes to what has been learned
figuratively. {1].

Obviously these two forms of knowledge are interdependent. For instance, in
order fo. a child to perform certain kinds of logical sperations with numbers, he'or
she miust have memurized the muitiplication tables. On the other hand, some kinds
of mathematical operations may be performed without knowledge th.=: the multi-

_ piication tables even exist.

The ability to learn figuratively seems to be. presem early in mfancy The
development of operative capability (or cognitive development) appears to pro-
gress through a series of stages, increasing roughly with age up toa level that varies
from person to person and is not completed until late adolescence, if at all. In his

“model of cognitive development, Piaget identifies four such stages: the pre- -verbal

sensori-motor stage, the pre-operational stage (dominated by perception); the
concrete operational stage (in which the youngster can solve problems related only
to concrete objects); and finally—the formal operational stage, which at least some
youngsters begin to reach at ages 11 and 12, and which is marked by the ability ro

~ bandle abstractions and hypotheses.

Cognitive development appears to result from a combination of the child’s
biological development and his or her efforts to make sense out of experience. While
the school can do little about biological development, it can stimulate cognitive
development by providing opportunities for operative as well as figurative learning:
" Although it is not known what constitutes an optimum mix of operative and
figurative learning, we belicve that there may be an overemphasis on figurative
learning. both in schools generally and in scicnce in particular. It may be that
teachers are nor sufficiently aware of the distinction between the two kinds of
learnmg Or it may be thar figurative learning often masquerades as operative
learnm g—especially when the learners’ verbal explanations of concepts deceive the
teacher into believing operative learning has occurred. The teacher faced with 30 or

" more students per class does not have time to probe beneath the verbal explana-

tions. But he or she should keep in mmd that dperative learning ocsurs only when a
youngster has solved a problem: or found ananswer'using his or her own reasoning
powers. ’ :

PERCEPTION AND LOGIC '
A second lmpormm distinction made by Piagct is between perception and ’ogtcal

. operation. At an early stuge of development, a child tends to respond to things
» percewed to that which is immediate and attention-grabbing. Piager uses the term

“perception-bound” 10 "dedcribe this kind of resporse. Later, the child begins to’
operate logically on his perceptions. :

To some degree, we all tend to be perccpuon-bound unléss we stop to reflect on

what we percmve One good example occurred recently ina seventh-grade class-

4,2 8
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room, where the students were shown a 1000-ml graduated cylinder and a 500-ml
beaker,and asked how many beakers of water would-be required ro fill the graduate.
Most of the class responded on a perceptual basis at first, focusing on the relative
heights of the two containers. Though they knew the volumes of the two véssels,
they suggested that it would take four or five beakers of water to fill the graduate.
Once the students paused to reflect, however, most were able to predict correctly
that two beakers of water would fill the graduate.

Closely related to the concept of perception-bound is thar of “centering. A
learner may cenrer ona single facet of a situation and be unable to expand the scope
of his perception or logical activity to encompass other aspects of the situation. In
the case of the beaker and graduated cylinder learners centered on the relative
heights of the two containers and had to decenter in order to take into account the
greater diameter of the beaker. -

Logical errors may be commirted by both children and adults when faced with
problems containing unfamiiiar eleme aits, too many elements, or elements that run
counter to their past experience. Under these conditions, the learner is likely to
center on those elements of the problem that attract his attention, though these may .
rot be essential to solving the problem.

An example of centering ‘was observed recently in an eighth-grade science
classroom, where the students were doing a worksheet in which calories were
computed -from a _given mass of water and temperature change. One child had
worked the problems on the first half of the sheet correctly by multiplying grams of -
water times °C temperature change. However on the second half of the page, he
reversed the operation and was dividing the water mass by the temperature change.
Whenasked why he was dividing instead of multiplying, he pointed out that in these
problems, the temperature had gone down instead of up. Therefore, it seemed
proper to him to divide instead of multiply. This student had centered on the
relationship between the arithmetical operation and the change in temperature.
The number of elements involved in the conceprt of “calories” (in the quantitative
sense) was apparenily too great for him to manage.

Discovering that the length of a pendulum determines the period-of its swingis a
popular activity in process-oriented classrooms; where it is used to illustrate scien-
tific method. By experimenting with the pendulum, the student is supposed to learn
to identify and control variables. But studies suggest that few junior high students
understand the logic of the experiment even after they have performed it and
arrived at the proper conclusion. We have. had students state the principle of the
pendulum correctly, then attempt-to “prove” it by demonstration. In theend, they

s

convinced themselvesthat the-mass of the bob determines the penduliith's’ périod:

The number of variables in the experiment; the dependent variable (swings per
minute or frequency, however it is stated); and the relationships between these
factors constitute an overwhelming number of elements to be encompassed by the
deveioping cognitive structures of many adolescents. The child centers on only one
or two of the possible independent variables (usually mass of the bob and length of
the pendulum or amplxtude of the swing), but is unable to think of others at the
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-same time ot to separate and control these variables successfully Even students who
s have just studied the pendulum and passed a teacher's written test (figurative
learning) are likely to become confused when asked to perform the experiment
- independently. We would wager that, a few weeks later, very few eighth-grade
students would be able to explain the activity successfully..

Piaget's analysis of the reasoning process is based on a form of symbollc logicand
Boolean algebra. What follows is our attempt to present his analysis in terms of
intellectual activities more readily observed in science learning situations. As men-
tioned previously, we have applied the term.“logical actions” to these intellectual
activities, and they have been illustrated by commonly zaught concepts and activities.
The Piagetian stage of logical operation attributable to such action follows in
parentheses. o .

_LOGICAL ACTIONS
: Actions Involved in Classifying :

" 1. Simple classifying—Icems can be grouped according to a single attribute
(concrete). Example: Rocks can be classified according to texrure (fine and coarse).

2. Complex classifying—Items can be grouped according to two or more attri-
butes at the same time (concrete-formal). Example: Inaddition to texture, rocks can
be grouped into dark and light so that four groups result (fme-dark coarse-dark,
fine-light, and coarse-light).

~-3. Hierarchical classifying—Items can be grouped according to a single attribute,
after which the resulting groups can be further subdivided by another atzribute
(concrete-formal). Example: Mammals can be subdivided into dogs and mammals
other than dogs; dogs can be further subdivided into poodles and dogs other than
poodles etc. Similarly, mammals other than dogs can be subdivided.

" Actions Involved in Seriating ‘ '

1. Simple serlaring——A single relationship between.items can be ordered (con-
crete). Example: Items can be arranged accordmg to size so that the smallest is first
and the largest last.

2. Complex seriating—A number of relationships between items can be ordered
(concrete-formal). Example: Items which have been arranged according to size can
also be arranged by mass, so that the llghresr is flrsr and heaviest lasr A figure such
as the following would result:

mass

) volume  (size)
I.

The concept of densnry is often taught this way. Density also involves proporuonal
reasoning.

30 'zo‘ ‘.
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Actions Involved in Inductive Reasonings

Making generalizations based on a number of individual observations:

a. Nonquantitative (concrete). Example: Discovering momentum by noting that
moving objects displace stationary objects when they collide. It may even be noted
that the amountof displacement is related to the mass and/or velocity of the moving
object and inversely related to the mass of the stationary object.

" b. Quantitative (formal). Example: Quamitying and generalizing results of the
experiment described under a.
Actions Involved in Probabilistic Thinking

Inferring from observations that are somewhat inconsistent by considering the
relative frequency of events or objects (formal). Examples: 1) Rain is usually
associated with clouds, though the presence of clouds does not necessarily meanrain. -
Still, the probability of rain is higher when there are ciouds. 2) The concept of
experimental errors.

Actions Involved in Logical Deducnon

. 1. Formulating hypotheses ( logical inference)—Using logic to deduce or infer the

~ consequences of a set of conditions (formal). Example: Conditions—Force acceler-
ates‘objects, the amount of acceleration being inversely proportional to the mass of
the object but dlrectly proportional to the magnitude of the force. Earth’s gravity
determines a force that is directly proportional to the mass of the object npon which
it acts. Hypothesis: Heavy objects (more massive)-and light objects (less massive)

- will fall with a common acceleration; that is, will experience the same set of speeds.

2. Testing Hypotheses—Considering all possible factors related to a hypothe-
sized event or relationship and:

a. Identifying relevant variables, .

b. Controlling variables in all possible combinations (combmatonal thinking) so
as to test them curt one at a time,

c. Eliminating contradictions by recognizing and eliminating varlables that result
in contradictions (formal). Example: The pendulum experiment described
previously. All possible independent variables must be considered, including:
length, mass of bob, amplitude of swing, impetus or push. Each must be tested
for at least two values while all others are held constant and their effect on the
dependent variable (frequency) observed. .

Actions Involved in Proportional Reasoning

Compensating {or change in one variable by changing another in the same
proportion: so that a system remains constant (formal). Example: Boyle's Law,
which explains the relationship between pressure and volume of gases; an increase
in pressure is compensated by a decrease in volu me so that the product (P X V)
remains constant.

<

PLANNING FOR OPERATIVE LEARNING

'In planning operauve learning experiences, the teacher must first consider the
level of cognitive development of the learner. Mosz children in junior high school
will be ina trammonal stage between concrete and formal operattom Thus, time
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spent having junior high school students perform and write up experiments in a
manner that includes a hypothesis and the other trappings of scientific research may

. be time wasted because most junior high students are not at the formal operational:

level.

Operative learning occurs only when a student solves a problem or finds an
answer by bis or her own reasoning. If the teacher has dictated the conclusion which
is recorded in notebooks at the end of an experiment, the students have notengaged
inoperative Iearning. (Students might benefit more from the old method of stating

“a principle and performing an experiment to illustrate the principle. At least they

would then have some idea what was going on.) } .

As good teachers have recognized for a long time, operative learning may be
provided for through such diverse means as class discussion, demonstrations, -
laboratory activities, media, written assignments, reading assignments, and field
trips. What is required is an interesting situaticn in which the teacher poses a
problem or asks a question that challenges the learners'to arrive at a solution or
answer that makes sense to them. ' ' :

The difficulty of planning for operative learning should not be underestimated.
Operative learning experiences tend to be less satisfying to students conditioned in.
the figurative learning tradition. And planning operative learning experiences
requires that the teacher be farniliar with Piaget's model of the structure of logical

. -thoughtas well as being well-grounded in science. Students in the same class may be

atdifferent levels of cognitive development. We have found students who appeared
to be functioning atan almost preoperational level in classrooms with students who
were functioning at the level of formal operations. Finally, an operative learning
experience is possible only if the learner is actively erzgaged'ip thinking, making
metivation ar. important factor. ) o

‘ ACTIVITY WITH “SHIFTING SAND”

Over the past few years, we have been devising science learning activities
designed specifically to provide operative learning experiences. In so doing, we have
tried to incor porate the logical actions (classifying, seriating, and so forth) identified
earlier. We have also tried to incorporate other insights from Piaget's model—that
is, we hope to encourage operative learning by giving students needed opportunity
to reflect and react logically rather than simply perceive, plus the opportunity to
expanc. che scope of their perception or logical activity. We also try to devise highly

moti :ing experiences that will actively engage students in learning.

One example is provided by an activity called "A Close Look at Sand Grains.”

In the activity, students examine sand with a hand lens and describe the shapes,
colors, sizes, and other characteristics they see. They then divide approximately 50
of the grains into two groups on the basis of any characteristic théy choose,and try to .
subdivide this grouping. Later they are asked to divide the grains into dark and light,
to calculate the percent of each category, and to observe the reaction between
hydrochloric acid and both limestone and sand. '

“}“32 ‘.22 :
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In the teacher’s guide (sée Figure 1) five elements to the activity are outlined: (1)
logical actions, (2) concepts and processes of science, (3) approach, (4) closure, and
(5) materials. Note that the reacher’s guide does suggest that effort should be
focused on the sand grains® physical attributes and alerts teachers to the fact that
pupils functioning at the concrete operational stage will be unable to reason in terms
of percentages. (Obviously, students should not be penalized for having only
progressed to a stage of intellectual maturity which is characteristic of their age.)

We hope thar the difficulties facing a teacher who would plan operative learning
experiences will not prove discouraging, though we do wish to underscore the
complexity of the problem and the degree of commitment required. Piaget has
provided educators with valuable insight into the nature of learning—it is up to us to
explore this insight fully and capitalize on it to help students learn science.
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Figure 1
A Close Look at Sand Grains—Teacher’s Guide
1. Logical actions. Simple classifying, proportional thinking, probabilistic
" thinking. '
2. Concepts and Processes of Scnence.
Concepts:
Sedimentary rock is formed from materials that have settled to the botrom
of the sea. Sandstone is formed from sand particles.
Sand particles are often made up of different minerals.
Processes: Classifying, using numbers, inferring, measurmg )
3. .Approach. The activity should be undertaken with a minimum of teacher
guidance. Pupils should be encouraged to make accurate representations of
the sand grains. The most difficult problem will be the calculations and
T interpretations of percents:t - - 0 v cc mmee smdes oo o
4. Closure. Effort should be focused on the atmbutes of sand grams The
most difficult cask will be assisting in'the interpretation of percentage.
Pupils functioning at the concrete operational stage will be unable to
reason in terms of percentages. : :
5. Materials. Sand, the more heterogeneous, the better. A pinch per pupxl
hand lenses, or dissecting microscopes.

.
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Reasoning/ About Spatial Relationships

Michael J. Wavering
* Linda J. Kelsey

Do your students still have trouble with maps, seasons, visualizing blueprints or
clothing pattgrns, origami, or coordinate systems such as longitude and latitude? All
these topicy/ require reasoning about objects in space. . -

Recent fesearch findings often characterize middle school students as “transi-
tional.” 14 a Piagetian sense, their reasoning parterns are assumed to be sometimes
upper h.[:'lel concrete and at other times formal in nature. However, such assump-
tions fhay not be valid for spatial reasoning. Research into specific areas of spatial
relatfonships shows that many middle school students have difficulty with even the
lowkr level concrete structures. Middle school students show a particularly wide
rafige of individual spatial reasoning abilities, consistent with their varied abilities in -

ther areas. ' ‘

Piaget and Inhelder® assert that reasoning about space requires more than just
perception. What students “see™ is usually determined by the mental structures t’h/ey ,
have, and not conversely. Three areas of spatial reasoning have been' delineated.
Topological space deals with nearness, separation, order, continuity and boundaries
of objects or groups of objects. Most middle school learners have developed the:
structures of topological space, but some may still have trouble with a continuous
figure being made up of a series of points (for example, points along a line).

Projective space involves “points of view" and the ability to coordinate different
perspectives'using above-below, left-right and before-behind relationships. Middle
school students may have trouble visualizing how a set of objects would appear from
the side (as in a mechanrical drawing class) or how lunar phases, seasons, or eclipses
occur. Projective space is also concerned with the idea of perspective where parallel
lines appear to converge in the distance, causing student difficulties in making and
interpreting perspective drawings. _ : o

Euclidean space deals with reference frames, coordinate systems and plane
geometry. Lengths, aress and volumes are constant regardless of point of view.
These notions are difficulz for most middle school students. They may be unable to

" locate objects in two or three dimensions, such as in graphing data or using maps or

~ coordinate systems. Reasoning about horizontals or verticals may also be difficult,

wwem— - and water levels in containers may.bedepicted as remaining parallel to the container
' rather than horizontal when the container is tileed. / '

Much of the content taught in science courses requires spatial reasoning, espe-

cially when presented in traditional formats. Textbook and blackboard drawings,

slides and movies all use a two-dimensional format to present three-dimensional

/

. *Piaget, Jean and Barbel Inhelder. The Child's Cuncepzi;m;r/‘of Space. W.W. Norton and Company, Inc.
New York, 1967. ' . :
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Art by Lydia Nolun-Davis

systems. Students who don't have well-deve'oped projective reasoning abilities
canrot understand the concepts being presented. Locating points on amap or graph
‘requires the realization that two separate coordinates-are needed instead of just .
distances. Interpreting three-dimensional coordinate systems (such as elevation
lines on maps or depth in a perspective drawmg) is nearly impossible for most
. middle school students. If traditional formats fail to gain student understanding of
these science concepts, are there alternatives? -

Piaget and Inhelder repeatedly emphasize that concrete level students must
mampula(e Ob]eC(S to develop spatial reasoning structures. The first step in the
classroom should be to provide activities where students can interact onan individ-
ual basis with objects. Students create their own mental structures by mentally
organizing their actions. Demonstrations and lectures by the teacher are not a
substitute. Activities should be designed to require the student to find the solution to :

a problem using the objects provided. For example, students tnay be asked todevise -
amodel to explain phases of the moon using styrofoam balls and a light source, or to
make 2 model of the classroom and predict what it would look like from different
points of view. The science classroom provides a unique setting for manipulating
simple equipment to provide oppor(unmes to help develop reasoning abilities, ____. _
especially in the spatial area. ln addition, middle school students are particularly
o " receptive to teaching strategies in-which they are actively involved. -
It is important chae middle school level students experience a wide variety of
activities. We may have to sacrifice “covering™ lasge amounts of content in order to .
provxde time for activities thatinvolve concrete level spatial structures which are af
essential part of intellectual develspment and are necessary prerequisites for formal
/(h()ugh(. - o . . T
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Your Child:
- Middle/Junior High School Years
INew York State United Teachers

One day she spells her name “Sherri” and walks into class wearing high heelsand -

a thick layer of makeup. The next day she s back to being the thumb-sucking
“Sherry” who wants to listen to a tape of “Rumpelstiltskin.” She is a seventh grader
and for her and her peers the Middle School years are indeed the best of times and
the worst of times. She is continually asking herself—and others—WhoamI? How
.do I fir into the scheme of things?

MANY CHANGES

As Middle School students, Sherry and her peers have moved from the security of
a self-contained elementary classroom, the comfort of being a closely knit, compact
group of 20 to 30 kids for whom one teacher supplies all needs, to the complexity of
a school day divided by 7 different classes in which they must learn to get along with
upwards of 1,000 students. Suddenly they must learn to work with many different
teachers and to share those teachers with hundreds of other students. They move
from an integrated day to one that changes continuously. Jurit a3 they get used to one
_ class, the bell rings and they must move on to'a diffz*:7r Jass.

Middle School students aren’t just changmg classes;
physxcal and emotlonal needs. Many demands 2 2:z placed on them: they are expected
to "grow up,” assume responsibility, become independent, make decisions. At the
same time, they are discovering their own sexuality and being challenged by drugs
and other shifting social codes. They feel inadequate; they want to be popular but
aren’t sure how to go about it. Middle School students are continually doing things to
make adults—and other students—notice them: they giggle a lot, run in the halls,.
pus- . . hother, wear funny clothes (Don't think your child is the only one wearing
3 puiss »f socks!). They laugh a lot; they cry a lot. The lives of Middle School students
are punctuated by times of great highs and great lows; enthusiasm changes to

despair in a flash. As one Middle School teacher put it, "Parents and teachers of

Middle School students need pauence positive reinforcement, and a good
handkerchief.”
4 /

MAKING THE MOST OF NEW OPPORTUNITIES
Parents should be aware of the opportunities the Middle School offers for

discovering what their child do’es best. For those who excel academically, accelerated-

/
courses are available. Clubs an/d special activities offer the chance for enrichment. All
students can take many classes in which they have a new opportunity to shine:

industrial arts, home economlcs, visual and;performing arts. Parents should be

aware of the opportun/lty of discovering extra-academic abilities in their children.
Parents should fmd what/the:r children do best and build on that. For example

ey are changmn in their

/ A
-3



success in cross-country running can lead the way to a new-found success in reading.
Once a Middle Sciool chiid discovers he can succeed in one thing, he is more likely to -
believe he can overceme failure in someth’ag else.

HELPING YOUR CHILD AT HOME
Parents can play a crucial role in their child's Middle School years in cther ways.
There are some specific things they can do:

@ Parents can put themselves at the child’s disposal at a set time every day, even if
it is just for 15 minutes. This can be a time to help with homework, help with
social entanglements—or just to listen. '

~ ® Parents can turn off the TV for a certain period every evening. It is hard for

Johnny to study if everyone else gets to watch TV. Moreover, Johnny is not

likely to read if Mom and Dad don'’t read.

® Parents can institute a “sharing time" with their Middle School students:

— Ask the child his opinion of an event in the newspaper;

— Ask the child to explain the metric system;

— Share a joke: you read me an elephant joke and I'll tell you a joke I liked as a

kid;

— Share an amusing poem (anthologies by David McCord, John Ciardi, Shel
Silverstein, William Cole, Nikke Giovanni are recommended). One Middle
School teacher gave poems as homework, with the instruction: " Your parent
must sign that you read this poem aloud Parems wrote back Please send
miore. We had a hilaricus time.” =" T T

® Think of ways the student can practice his skills: )

— If the family is planning a trip, ask the child to chart it on the map (he’s

learning map skills in social studies);

"~ — Ask the child to make out the grocery list, fmdmg ‘best buys” in the

newspaper; -

— Encourage the child to write notes to family and friends in other towns;

— If you order from a catalogue, ask the child to make out the order blank.

These types of activities are interesting and even enjoyable ways for parents to

share time with their chi'dren and to help children see the practical importance of
what they are learning in school. The Middle Schooler is developing a social and

- ethical sense: he is interested in justice, in right and wrong, in politics. Encourage

him to write Letters to the Editor, letters to his Congressmen. One nice thing—they

.usually answer.’

- WORKING TOGETHER
If your child frequently tells you he has no homework, phone the school. Middle

" School students usually have a tremendous amount of homework, and most teachers

place considerable importance on its completion. Your child will benefit most from
the education he receives during these critical years if you play an active role.
Children need the support of both.teachers and parents. Get to know each of your
childs teachers. They are trained professionals, and realize the importance of your
active participation. : .
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Teaching Strategies

Becoming a teacher is largely a do-it-yourself job.

Walter Farmer and Margaret Farrell
Systematic Instruction in Science
for the Middle and High School Years

Knowledge acquisitioh for this age group (early
adclescents) will involve helping students to gain
information through the printed word, through direct
observation of objects and events, and through use of-
community resources. Teachers need to learn how to
facilitate knowledge acquisition in ways that are meamngful
10 a diverse populaticn of students.

Paul DeHart Hurd, et al.
The Status of Middle School and
Junior High School Science

The best hope for the teacher is to do for her students what
she likes done for herself in university classes: to be
intellectually engaged, challenged, and excited, as much as

the infant is when he explores a wooden block or a toy, or
as a scientist is when he studies the atom.

‘Milton Schwebel and jane Raph
Piaget in the Classroom
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Classroom Management

Johanna Strange
Stephen A. Henderson

For two decades science educators have encouraged teachers to use activity-based
science instruction in their classrooms. Even at the elementary level, science instruc-
tion is considered ineffective unless students are investigating with hands-on
materials.

So why are some teachers still reluctant to implement activity-based science

programs? The biggest srumbling block to the success of laboratory science has been
teachers’ fear of working in unstrucrured, disorganized, undisciplined, noisy, chaotic
classrooms. Hands-on science may, at times, appear unstructured, noisy, and even
chaotic, but it is well-designed chaos. Organization and classroom management are
the keys to success. -
- Where can we acquire the necessary managemet skills? How do we create a
classroom that is attractive and stimulating? What procedures aid in the manage-
ment of an activity-based science program? The model presented here combines a
less restricted environment, with enough organizarion and structure to maintain
order during activity-based instruction.

THE CLASSROOM
Psychologist Robert Gagne emphasizes that "the essential task of the teacher is to

arrange conditions of the learner’s environment so that processes of learning will be

activated, supported, enhanced, a~d maintained.” (3)® In the classzroom, this means
providing a bright, well-decorated environment, enhanced by interests centers,
bulletin boards, posters, and other visual displays.

Students need opportunities to interact, share ideas, and draw upon each other's
discoveries. The physical arrangement of the classroom must encourage student
interaction. Straight rows of desks all facing the same direction, for example, impede
the development of strong, activity-oriented science programs.

Although exrremely important, the physical setting is acrually secondary to
classroom management, the heart and soul of effective instruction. The manage-
ment procedure described here includes five phases: teacher/student preparatior:,
pre-activity discussion, distribution of materials, experimentation, and dlscussmn
and clean-up.

PHASE 1: TEACHER-STUDENT PREPARATION -~
“To begin, define your instructional objective and select an appropriate activity.
Scrutinize the activity you have in mind for pitfalls and problems; then collect the
materiale you will need. Give thought to the room arrangement and loglsucs
required for the acuvxry ’ g

" *See References.




Once you have decided onan activity, divide the class into teams. Teams of two to
four seem to promote good verbal interaction and involvement in classroom
investigations. Even if the explorations are pursued individually, students need a
group with which to identify. Ty to divide students equally by sex and seat team
members close together. -

Assign each person in the group a number and give each group a name: Newton's
Team, Einstein’s team, or a title of the group members’ choice. Naming che teams
encourages participation in group investigations and aids the smooth distributinn
and collection of equipment. '

Before the activity, organize materials at four stations around the room. Team
members should share responsibility for gathering and returning materials, thus
eliminating confusion and expediting delivery of marerials.

PHASE 2: PRE-ACTIVITY DISCUSSION

During the second phase, students identify the problem, design an experiment,
determine data-collecting and record-} eping procedures, and decide what equip-
ment they need. Discussing the activity, explaining procedures, exchanging expe-
riences, and even arguing with each other promotes learning during this phase. This
allows students time to des¢iop their ideas and form associations. -

Effective questionir.g plays a vital roke. Design questions that are open-ended to
stimulate a creative exchange of ideas, ye: directed toward goals such as experimen-
tal design or data collection. It is mosr impureant to establish a reason for doing the
activity. As students agree on investigating procedures, list the necessary equipment
on the blackboard. This equipment should already be assembled ar the collection
stations.

PHASE 3: DISTRIBUTION OF EQUIPMENT
Assign students collection tasks by numbers such as: ones collcet paper towelsand
vials, twos collect plants, and so on. If the activity requires more than one piece of
equipment, note the quantity on the board. Students should not begin to collect
equipment until all have received their assignments. Set a time limit for gathering
materia's. After the equipment is collected, check to be certain each team has all
necessary supplies. : :

PHASE 4: EXPERIMENTATION

With all teams and equipment in place, experimenting can begin. Review the
process with the students. If the team is to work as a group, assign tasks by numbers
to ensure group involvement. Stress the importance of thorough observation and
record-keeping. All observations should be noted on the record sheet designed
earlier. Your behavior is very important. Move about the classrnom, asking ques-
tions, stimulating thought, and keeping students on task. ' :
" "During these phases, teachers often worry about the noise level. Teachers should
expect and enccarage communication 4mong students in- activity-oriented pro-
grams. Starxi b‘ack listen to the activity in your classroom. Rank the noise level ona
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scale of one to ten: one for silence, ten for bedlam, and identify the expected noise
level range. Praise students who cooperate rather than criticize those who do not. If
certain children cause problems, remove them from the activity and let them watch.
They'll soon want to participate. :

PHASE 5: DISCUSSION AND CLEAN-UP
. The final phase incorporates review, compilation of the students'data, and
discussion. Data can be graphed, discrepancies discussed, and consensus reached. Be
sure conclusions are understood by all. Afterward, students clean, disassemble, and
return the equipment to its original locations. Allow time for thorough clean-up, it's -
best not to excuse any student until all complete their clean-up msks

~

. THE TEACHER _ -

While organization is critical to activity-based instruction, success also depends
upon the teacher. Enthusiastic, flexible, energetic, humanistic teacl.ct's best suit the
methods described here. Teachers also contribute to the students’ willingness to
learn and sense of security by showing respect, speaking politely,-and listening
unhurriedly to each child. _ :

' These are important traits in any teaching situation, but they zre vital to success in
hands-on activities: Science programs flounder when students grow passive or
bored: Effective activity-based programs combine stimulating environment with
skillful management to make children active learners.

r
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g Leadershlp Strategles in the Mlddle School \
Science Classroom -

Carlton W. nght II
Gary E: Dunkleberger

Worrying about student behavior can have an inhibiting effect upon' the quality of
science taughit in middle school and junior high classrooms. Although a high level of .
verbal and physical interaction is usually desirable, teachers are often reluctant to
conduct student-centered science activities for fear of being unable to control
disruptive pupil behavior. Whether faced with excessive enthusiasm generated by
dramatic demonstrations ¢~ :he malicious destruction of equipment, teachers may
feel ill-prepared to handle these behavior patterns, and the science lab will not be
presented. Thus, both students and teachers are deprived of worthwhile activity-
oriented experiences. .

Effective student control, where studems have the freedom to inzeract and yetare
under the guidance of the teacher, is not the result of using any specific procedure or
technique. Positive control comes from the successful interaction of many compo-
nents, ifcluding personalities, nonverbal communications, attitudes, classrcom
rules, weather, dress, room color and arrangement actnvxty procedures, and leader-
ship strategies.

The leadesship strategies requ:red to esmbllsh and maintain the Zesired student
behavioral staadards should be given major consideration. Yau 2« the teacher are
thé leader of your classroom. Because of your position, students usually challenge you
todefine the strength and parameters of your leadershlp Students try todetermine

- whether you mean what you say. Does “quiet” really.mean quiet, or does it mean-

"lower your voice™? Dogs “please get to ‘wark” mean get towork, or “sitquietlyand -
don't bother me'? When homework assignments given Monday are due on Tues-
day, does it mean’ Tuesday, or is Wednesday also acceptable? The effectiveness of

* many science activities depends ultimately upon your ability to maintain thedesired
behavioral standards in class. . .

The relationship besween teachers and their classes often begms witha periodof = -
peaceful coexistence, when teachers and students réact friendly, but passnvely, while
each seeks more mformauon about the other. This stage of goodwill may mislead a

. teacher into a false sense of security. Initial challenges to the teacher’s leadership are
usually subtle, seemingly mconsequenual often overlooked. By assuming a firm
relationship has been established and nor reacting to mmal challenges, teachers
allow gradual undermining of their authority. - _
*'{i zach day your science class takes longer to begin, lab materials are stored less’

" orderly, and homework assignments are turned in at increasingly later dates, it is
time for you to reflect on how you could have prevemed these behavior patterns
from developing. Some teachers might be reluctant to counteract these minor
infractions because the class relationship is seeniingly off to a positive start. But




initial incidents can progress in frequency and seriousness until teachers lose
effective -control of the classroom. Science lessons and labs are conducted and
students learn, but not at the optimum level. Unfortunately, it is sometimes easier to
lower standards rather than expend energy to maintain them

T ' éreafe an
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. Art by Lydia Nolan-Davis

o TEACHER STRATEGIES '

_ Here is one strategy designed to help you gain positive pupil behavior by using
initial student challenges to your advamage Rather than waiting until these
incidents become major tests of power, be prepared to react to students’ subtle first
challenges. .

In the science classroom where the rule, 'When the bell rings, itis a signal for the
teacher to stop, not for the students <o leave” applies, the initial student challenge
may occur during a busy lab when you are conferring with.a team in the back of the

- room, unaware that the period has ended. The bell suddenly rings and, before you
can finish your conversation and give cleanup directions, half the class leaves. the
room. Now you must salvage the remains of an unfortunate situation. Although the
students’ intént was not malicious, your leadershlp was successfully challenged and
has been weakened.’ .

v
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A more desirable circumstance is to plan the initial lab using minimal materials.

'l.Carefully monitor jthe clock so when the period ends you are near the door,

conferring with a s,tudent team. As soon as some of the class tries to leave, you can
easily block thelr,exlt and_politely .remind them of the rule. Because minimal
equipmentis used there is sufficient time for students to clean up and be on time for
the next period. A gentle reminder and strategic positioning turns a minor student
challenge intoa Ll'ule remforcement experience. You control the challenge process in
a posmve, pre- planned way rather than hastily reacting to the unexpected. '

" Another example is the starting time of the science class. If a specified time or bell

: desngnates when socializing ceases and the. class begins, an important issue is

whether or not the class will respect the rule even if you are not present. If you
intentionally wait outside the door talking to another student after the designated

‘time, you can observe theclass and if necessary politely remind the class of your rule.

The altérnative is to wait until a hall emergency demands your preserice and hope
the students will remain quiet during your absence,

The same strategy can-be applied successfully to science homework. If the flrst'
few assignments are simple and require minimal time to complete, everyone can.

easily do them in a few minutes after school. Because excuses for not doing
homework are ‘less valid, you are in a position to encourage punctuality and
responsibility’If the initial assignments are complicated and time consuming, it may

-be difficult to determine the validity of the excuses and your leadership credibility

may suffer. By -‘onditioning students to be on time at the beginning of the term, you
increase the probability of|the same behavior contmumg once assignments become
more difficule. = -

The preceding examples |llustrate how being aware of subtle studem challenges,
and reacting to them, can help establish effective standards for student behavior.
The point is to show that you expect 5pec1f|c rules or policies to be followed not to
entrap or intimidate students.

Effective control allows the talkihg, questioning, equnpment handlmg, and mov-
ing inherent in early adolescents. It is the teacher’s responsnblllty not only to teach
the science curriculurn, but to-do so in an environment where pupil interaction
enhances rather than llml[S learning opportunities. !

———
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Respons:.blhty Dlsc1plme In51de-0ut
‘Nancy Doda

PRINCIPLES OF RESPONSIBILITY-TAKING
Admit it! You have-caught yourself daydreaming about students who are inde-.

pendent, dependable, responsible or fantasizing about teaching in a high schoolor -

wishing you could close your eyes, whisk a magic wand and have your kids suddenly"

transformed into responsible young adolescents. Don't feel badly, because you're not_

_ alone. Anyone who works with middle school kids shares the same plaguing )
preoccupation with responsible behavior, and how to get it. Parents echo teachers
with their comments about their kids: They won't do their homework unless 1

nag,” "They are lazy,” “They won't do their chores.” What parents and teachers

-really want to know is how they can get youngsters to take responsnb:llry wnhout
havirg to threaten, nag, or entice them.

Unfortunately, there are never easy dnswers to hard questions, but there are’
answers, nonetheless. Before tackling the question of how to promote responsible
behavior, I'd like to set forth some assumpuons about responsibility and its
development: . .

1. Takingon responsnblllry is rlsky, SO mlddle school youngsters will only ﬂ[[empt it
when they. feel in control, on top of things, and safe from guaranteed failure.

2. Responsnble behavior is behavior that demonstrates concern for others. Middle -
schoolers will learn to be responsnble in the context of a fellowship of caring
relationships with teachers and peers, where mterdependence is as important as
independence; :

3. Responsibility emerges from personal success in responsible roles Middle school' o

learners need opportunities to be successful and productive in authentic ways;

4. Responsibility is holding up your side of a commitment. Middle school kids need

 practice in making and being held accountable for their commitments,

5. Responsible individuals take initiative. They're independent, rather than
dependem Middle school kids need the time, opporrumty and éncouragement to
take initiative; to go it alone!

6. Responsibiiity matures slowly and publlc schools are not necessarily designed to
promote real responsibility taking, so teachers have to fight both nature and the
system. Believe it ornot, though schools can become places where kids grow in

" responsibility.

v

GROUNDWORK: CHANGING THE BIG:PICTURE
Overall school features. play an important role in the teaching of responsibility.
Some schools are organized in ways whicty promote re;ponsnble student behavior;
others are not. If middle schools want to make a grassroots effort to promote
responsible behavior in students, then three priorities deserve.their attention.

~ . . : . - Lo o J



Firse, middle school youngsters are perpetually uneasy about themselves, others
and their surroundings. This uneasiness is problematic when it comes to helping
them towards responsibility taking. To reduce eatly adolescent uneasiness, and to
increase middle school students’ sense of personal control, middle schools should be

* organized so that each student sees his school world as reachable and controllable.
Large and anonymous school environments produce kids who often feel alienated,
powerless and ineffective, who shun responsibility and choose apathy and deviance. -
instead. Smaller, more. personal communities make it possible for students to be
known and acknowledged as unique persons and meaningful contributers. Interdis-
ciplinary teams or communities have provided large mlddle schools with .one
extrémely viable orgamzauoml alternative.

Second , significant opportunities for decision-making responsnbllmes should not
be. limited to an elected' student council designed to represent the whole school.
Smaller communities must be accompanied by smaller more relevant governing’
hrr.m;,c.mc.nts so thiat youngsters in middle schools do, in fact, contribute to the
shape of their immediate school world. Student governing opportunities should be
year-long components of instruction provided by the learning community. As an
example, community decisions could be fed through community meetings run not

" " only by teachers but by students as well. Students should be able to see the results of
their personal co ntributions to the school community. They should be close enough

- to participate and to apprecnate the products of their participation.

Third, middle schools need to make a once and for-all commitment to involving
the community in the teacking responsibility. Whether it takes place inside or
outside school walls, youngsters must have opportunities to connect what they doin

- . school with what's imporrant in the larger society. Kids who spend aftérnoon upon’
afternoon watching TV, only participating vicariously in responsible social roles,
desperately need authentic responsibility-taking experiences. The school could

". solicit help from individual community- members and/or parenrs to provide -
apprenuceshlp experiences for its children. By cooperating with paren: . and com-
munity, such experiences could enrich curriculum, boost cow ¥ ity-. chool rela-
tions and yield more responsible young adults. oo .

These three priorities represent new horizons for middlz schools. As we consxder '

" future organizational changes, we should examine ways in which our middle schools

_ could be smaller, miore personal communities, settings for parucxpatory democracy
and doors to the real llve community.

BRINGING OUT THE BEST IN KIDS: TIPS FOR

" TEACHING RESPONSIBILITY

Rules: Reasons for Responsibility
Every classroom has procedures and expectations which provide structure for the
learning situation. Often teachers generate reasonable and logical classroom rules,
present them to students, and then are dlsappomted when kids ignore the rules. For
middle school kids, snmply obeying the teacher’s rules yields very little personal
satxsfacuon Kids will only see rules as reasons for resy  -ibility when they have had

i
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a chance todesign the rules. Then, following the rules involves sticking to their word
and not someone else’s, )
In addition to involving students in the creation of classroom rules, insist that..

"every rule be understood in terms of the consequences it was designed to prevent.

When the final llstofrules is thoroughlydlscussed refined and understood, posutas-
"We: Agree” statements. .

Even with well- -developed rules, VlOlathﬂS are inevirable. Ther~ are, however
several recommended measures teachers can take to further stimulate responsi-
bilicy- -taking when such violations doorcur: . - '

L Curbyour temptation to demand "Quiet” when noise is the dlsrupung behavlor

While such demands and related threats may produce immediate results and may
be ar times almost necessary, they do not encourage responsnble thinking and
behavior. When possible, teachers should try to use ardy rule-violation as an
opportunity to refer to the "We Agree" statements and their uriderlying reasons.
Simply reminding students that they've made a deal dnd thar they're responsible
is far better than assuming the responsibility for c/ontrollmg the change yourself.
. You shouldn't be the only one in the classroom who' s on the lookout for rule
violation. Every student should have a rule buddy or coworker to assist him in
following classroom rules. Students can often prevent problems from growing
worse and they can help in making a classfoom.run more smoothly. Teacherscan /..
empower this rule buddy role by making reference to the rule buddy when a/
partner is at fault. Holding kids accountable for one anuther is a new concept for
) many, so go slow ar first! ' T /

o

Teachers that work together on teams should try to coordmate classroom rules s so
that students on a team can expect the same structure from class to class. This can
work wonders with responsibility if the students are in on the rule writing!

. ‘/"‘
What To Say, When and How? /

. Classrooms are fitled with conversation. Teachers are continually. talkmg to
students, with students and sometimes even for students. Narurally, with so much

instructional time devoted to talk, what we say; when and how, really smakes a

difference! ' .

If we're concerned with developmg more responsnble students, we ought to be as
careful with our use of pralse as with our use of demands and threars./Praise may,
sound much nicer but it’s not necessarily any better. In fact, research suggests that
the extensive use of praise may promote student dependence, rather than indepen-
dence. Students tend.to learn vety little about personal sausfacuon and intrinsic -
rewards when they rely on teacher praise for guidance and support. ' As an alterna-
tive, teachers should work to initiate student self-appralsal sharmg in the pleasure
that students find in their own successes. : .

In leading class discussions, conducting group lessons or. just managmg classroom’
affairs, teachers are more likely to encourage responsible behavior if they talk less, '
have students talk more and use student ideas in strucrurmg the dialogue or
discussion. Slmllarly, teachers who wait longer for a student response after askinga

“ . 947/
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question encourage students to assume some resp0nsxb|1|ty for thinking of an
answer. If the teacher asks a question, pauses; and then almost immediately callson
someone else or answers the question for the. student, students will learn to sit back,
relax and wai for someone else to get the ‘job done. .

There are other kinds of daily verbal interactions which can carry the responsibil-
ity message to students. In particular,’ ‘teachers have to model independence and .
_responsibility and cando so in a few ‘simple ways. When you are really angered by -. -
students or-other everyday happenmgs try to take responsibility for your feelings.
Try using what Gordon calls an I Message™ (Teacher Effectiveness Training,1974).
State how you're feeling, what's making you feel that way and what problem is

caused for you by what's happer,ung Here's one: ’
“Tim, I get very frustrated when you keep tappmg on your desk, because I can't
concentrate while teachmg this readmg lesson The responsible expresslon of
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" feelings conveys an important message: I am feeling badly because of what you're

doing and nor because of who you are. Students won't feel crushed but will feel
stimulated to respond, by.changing what they’re doing. That's a step toward
responsibility.

Respons:blllty in Learning.
" Students vary in their ablllty to work successfully on independent learning rasks.

To some, freedom is enticing; to others, it is mumldaung As a result, standard

prescriptions for independent learning are rarely appropriate. Teachers need an

.array of options from which to choose, Here's 2 modest list of approaches- that

encourage responsibility: :
1. During the course of a school year, give every child at lei.st some chance to learn
something on his own and in his own way. It may be that you select some small

objective which the child learns using his own choice of resources in his person- ‘

ally created learning activities. Be sure that there is flexible classroom time so
that students can, in fact, try out independent learning.

2. Have students work in learning teams with common learning goals. The team
should be responsible for its members so that everyone must be sure that
everyone else understands the ass:gnment completes the assxgnment and suc- .
ceeds on the test. Evaluate the team’s success.

3. Peer-teachingis an extremely useful way to encourage responsibility in modestly
independeént learners. Students can rely on their areas of expertise, can prepare
for the actual reaching and can feel rewarded by the real respensibility inherent in’
someone else’s learning.

4. Have students kzep records of completed work so that they learn how to monitor

" their own progress. Make a checklist for each week or term and hold students
accountable for accurate record keeping. Send a copy to-the parents so that
responsibility is reinforced at home.

5. Don't grade everything! Let students work in teams to grade or proofread work.
Do this regularly so that it's a serious and continuous classroom activity.

6. Learning centers or stations for review, reinforcement, enrichment ot explora-

- tion are perfect for beginning mdependem learners. Students don’t have o™~ .."

decide what to study, wher tostudy it, and how to study it, but they have to apply
themselves in a self-instructional serting;

7. Studems should have a chance now and then to set thexr own. due daté for an
assignment. Give ¢hom a spin of rime, let them pick a date and then no excuses
for late work!

‘ RESPONSIBILITY RESOLVED? . _
Encouraging responsibility is serious business. Our success or failure is critical to
the lives of the children wé teach and to the survival of a'healthy and productive

‘society. In this new year, please include in your resolutions the following: "Be

responsible for teaching responsibility.™

I3
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, Orgahizing the Middle/_]uniof High
 Laboratory Classroom "
Terry Kwan :

INTRODUCTION _ »

Most of today's middle and junior high science educators are pretty wellsoldona
laboratory appreach to teaching with concepts developed in carefully prepared
sequences of investigations that the students are to perform for themselves. Instead
of learning to memorize scores of facts from an encyclopedic science text or relying
on the teacher for lectures and demonstrations, the student is increasingly urgedinto

.active participation. The laboratory program is an open invitation to see, to feel, to
smell, and to do for oneself, to substitute hands-on experiences for vicarious ones.

It is easy to conjure up a picture of an ideal science class'in operation. Small groups

of students are randomly situated around the room working busily with numerous -
pieces of equipment. All are totally engrossed in their work leaving the teacher free:
to interact with kids-individually. However, after a hectic day the picture may seem
more like mass confusion, with all the students needing help at once, no one able to
work the least bit independently, equipment broken or lost; all resulting in frustra-
tion for both students and teachers. The problem is not with the approach, nor with
the lack of good intentions. What often happens is that ideals and theory get ahead
of the practical problems of management. :
- For the new teacher, the;task may seem even more overwhelming. One leaves
methods and philosophy courses convinced that one should run a lab-oriented
program involving active participation by students. Yet, faced with old élas_srooms,
lack of the equipment pafkage shown in the idealized curriculum, at least a hundred
youngsters waiting to “try out” the new teacher, and an unbelievable amount of
paperwork todo, it is ve/ry easy to put off doing the first lab and just do a little bit of
talking and demonstrating. More often than not, the'slight delay turns intoa month
or more, and when finally the first lab is undertaken, the ‘confusion leaves: the .
teacher vowing never t do another. '

Managing a clas§/room labo'r:}tdry with 30 or more active middle/junior high
youngsters is a big/job and requires not only good intentions, but careful planning
and organization/Just s there is an orderly process by which one can developa. -
concept, there is likewise an orderly process by which one can develop an efficient
and educationally wholesome, active laboratory classrodm. -

~ The intent of this article is to help put a little order into the organization of a
< junior high school laboratory classroom, to make the task somewhat less over-
whelming, and thereby, to encourage beginning teachers to try the first lab with less
apprehension and trauma. Included are ideas that have worked in poorly outfitted
classrooms as well as ideally designed ones. As with most teaching techniques, these
are a conglomerate of ideas stolen, adapted, and invented. Hopefully, you will feel
free to adapt and rework them, adding inventions of your own. '

Ty,
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_ CHOOSING THE FIRST ACTIVITY
" The most commgn error in introducing middle/junior high school youngsters to
laboratory activity is to assume.too much. Particularly for new teackers recently
completing thorough college science preparation with plenty of lab experience,
there is a strong tendency to take many of the common laboratory techniques for
granted. Remember that the average middle/junior high student’s experience with
laboratory activity is relatively limited in both-depth and scope.

The first lab activity should be as simple as possible so that you can spend time’
establishing the routine and basic ground rules you wish followed, and 50 th.at you
can get an idea of what the kids know or don't know and caf: or canziot do. 1n many
cases, the student is really not aware of what constitutes an inwestigation or how one
goes about logically solving a problem. For this reason, simple activities such as
using.red cabbage juice to produce color changes or observing a burning candle work
well as an introduction. The manipulations called for are simple: Using cabbage juice .

" to produce color changes. The ideas taught are basic: how to recognize a problem,

hypothesize, isolate variables, take observations, interpret dara, and draw
conclusions. . " . : L .

As you are going through the first investigation, teach basic techniques. Proce-
dures like weighing and measuring, pouring and heating may be second nature 1o
you, but are generally not well learned or remembered by the kids. The same is true
for basic safety procedures. Do not presume that studeats will recognize whtseem
to you to be obvious safecy hazards. o '

As students begin todo more lab activities,don’t hesitate to review: rechniques
and procedures. Pertinent safety precautions siwould be reviews! eve.y time a
hazardous operation is performed and general techniques should be checked and
reviewed if they haven't been used for awhile.

: " SEATING ‘ , .
The following factors should be considered in devising seating arrangements in
the laboratory. classroom: T " '

1. Keep groups small. It possible, put only working partners or teams together.
Avoid seating more than one team at a table and grouping too many tables
together. This prevents teams from distracting each other and allows you to
work with the teams individually without having to move or disturb neighboring
teams. :
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2. Leave room for chairs to be pulled in and out. Make sure students do not bump

“

2

into each other's chairs or tables when getting up (’Tﬁ—t‘ a closer look at an -
experiment.

. Avoid putting tables against walls or other tables so that students can work at

their equipment from all sides, not just from in front.
Allow as much of a "buffer” zone as possible around each student group so that
things which might boil over or pop out are not aimed directly ar another team.

- Keep aisles free and directed toward sinks and supply areas.

Keep student work tables away from sinks, suppl; areas, deors and other areas of

- heavy traffic.
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. Remain flexible with furniture arrangements. If one arrangement doesn't work,

change it. Even if you share the room with other teachers, remember that most
furniture now is not bolted to the floor and without t00 much effort can be
changed from period to pernod

CLASSROOM STORAGE

i
Keep the following mles in mind for equipment storage:
o1

Feep small objects in trayc or shallow boxes below eye level for quick and easy
checking,

. Spread out equipment. Long shelves slnghtly below eye level are more convenient

and safer than tall stacks of shelves confined to small areas. A longer storage area
relieves congestion when students get and return equipment.

. Store glassware in areas closesl to sinks. preferably on drymg racks or open
shelves.
. Label shelves so students can easnly find and return things. If larger ob]ects are

numbered, number- the assigned shelf spaces also.

. Putas much as you can into trays. Trays (cafetena or planter), tote drawers, shoe

boxes, or corrugated boxes with sides -». lcw are a real boon. These keep
equipment in order and make it easy o . out large quammes of materials at
one time.

- Label all the trays, shelves and storage areas of the room. You ¢an use: (a) snmple

numbering or letter system; (b) name of equipment that belongs on the shelf;
and (c) name or number of experiments thar use the material or any combination
of the above. Then put the same wording on all equipment.
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PREPARATION OF CHEMICALS
If you are unfamiliar with a chemical you are abour to use, check one of the
“standard chemical references for special properties and precautions. The following
guidelines will help.

- » Dry Chemicals .
1. Transfer materials from large bottles to small, wide mouth jars (baby food or jam
jars) for classroom use.
2. Label all new boctles clearly. If the bortle is to be stored ona speqflcshelf or tray,

/ put the shelf or tray number on the label also.
/ 3. Keep bortles of chemicals less than one-half full. Students will waste less. If you
“ have enough bortles and room to store them, make several small botles for each

" chemical you plan to use heavily. Keep some of the botths in storage to remove
when needed.

4. Use wooden splints, tongue depressors or plasuc spoons for each dry chemical
bottle to reduce contamination. Cut these implements down so they will fit inside
the bortle. If i it is not possible to store the dispensing instrument right in the
bottle, try to get one spoon or scoopula for ezch chemical and label clearly.

Solutions : :

1. Polyethylene bottles of different siz 2s may be purchased for the preparation and
storage of stock solutions.. Howen er, for the preparation of large volumes of
solutions, it is much chea; er to recycle large plastic bottles such as those in which
cider, windshield washer fluid, and fabric softener come. Old bleach bortles also
work, but are not as convenient because they are opaque. Have students onate

empty plastic bottles from home but make siire they bring’the caps also. If you -

can obrain a number of the same kind of bottle, transfer measured volumes to

graduate one bortle, then simply stand it next ro the others to mark all the rest.

For the preparation of most stock solutions, gradations made this' way are
- accurate enough and cur down greatly on preparation time. -

2. Before preparmg a solution, check the directions and the purpose of the solution.
Determine, how quantitative you must be in youg preparation. You can be less
accurate if the solution called for is to be saturated (e.g., limewater) or is to be
used merely to show the presence of some substance (e.g., barium chloride to test
for sulfate or tincture of iodine to test for starch) or is intended only to
demonstrate gross reaction (e.g., lead nitrate and porassium iodide to show
precipitation). In the latter cases, you can shortcurt by adding enough reagent to

tip rather than exactly balance the scale. Then make a note of how many
scoopsful approximate the correct. weight and label such.information on the
stock bottle for subsequent use.

3. There are times when accuracy is a must. Make the solution exactly the first time *
and every time. This is essential for solutions that are used for any type of -

-titration or for experiments requiring studerits to obtain quantitative results. Itis
best to follow exact measurements in preparing solutions with more than one
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component (e.g., Nessler's Reagenr). Cost of the chemicals is also a factor,
Preparation of indicator solutions requires more prudence than the preparation
of sixdivm chloride ar magnesium sulface solutions.

£ W the ehietieds happer to come in small quantities, and you have an unopened
bottle, save some time by taking irito account the weight of the full botele. For
instance, if you need S00 grams of a substance which comes in 1 1b. bottles, use an
unopened bottle without weighing and just add another 46 grams from another

" bortle. (This is not a totally accurate procedure and should not be used for .
preparation of quantitative reagents). :

- 5. Li the preparation of saturated solutions, decanting is often more convenient
than filtering large quantities of solution. Remember nort to shake up the stock,
botzles before transferring to bottles for classroom v se and you can use the excess
from old stock to make new stock. :

6. Check the condition of your tap water before preparing solutions. If the water is .
relatively mineral free, and the pipes don't add their own specizl seasoning, you
may be able to make most solutions with ordinary tap water even though the
directions call for distilled. It's worth the time to prepare a small sample solution

“ to see if tap water will work before going through the trouble of ordering and
trying to store 50 gallons of distilled water or installing a deionizer. On the other
hand, you may find the tap water is so bad, you will have to do everything in
distilled or deionized water, even if the “recipe” doesn't specity it.

7. Once you have prepared a stock solution, be sure it is properly labeled. This may
be done with marker or masking tape, but first make sure there is no old labeling
left on the bottle:. Makc sure that new labeling is not merely obscurmg old
labeling. ‘ j

General Procedures for Preparing Chemicals
1. After preparing an expenment or fresh stock solutions, test the matenals o
avoid unhappy surprises when 30 students are waiting to do an experiment.
Reserve red labeling for safety précautions and hazard warnings.
3. Date chemicals when they are received or prepared. Date the chemical bortles
again when they are opened for the first time and indicate wnt_h a mark the fill
line of the new bottle. This allows you to determine how fast youareusing them.

o

PREPARING FOR A LAB

1f most of your equipment i3 stored on open shelves and students are familiar
with the locations, you may be able to run labs without a lot of special setting up.
However, you can also put things out in a central supply area for the particular
exercise beingdone. In semng up acentral supply table, keep in mmd the followmg
guidelines:
1. List all the materials that will be needed for the lab.
2. Gather trays, tote drawers, or shallow hoxes for each type of equnpment needed

{cafeteria trays and shoe boxes are approprmte)

" 3. Label each tray or box with the name of the equipment that is to be kept in it.
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Count out the pieces of equipment needed. Write the number of articles in the
tray on the tray label. If you are simply pulling a prelabeled tray from the shelf,
you can count our just the pieces needed and store the spares somewhere elseor
simply use the whole tray.

. Itis betzer to have an accurate count of materials that easily disappear than to 'put

out a whole trayful. Check your materials after the experiment before the class leaves
the room. - L

a LAB TEAMS
Assign numbers to the lab teams either permanently or for each labdepending on

how often you intend 0 switch partners. Use these numbers to assign special tasks
or equipment. This way you can make assignments with a master list of only 10 or
20 numbers rather than trying to keep track of 150 or 2NQ sepdrate student
assngnmems

Assign a special task to each tga:n accordxt 4 to team. number Much of this can be

special jobs to help'speed clean-up. Post a list of team assignments conspicuously in

C\\J-JS:\NN

~

‘the room so that you and the students can refer to it quickly at any time.
L.
. Sink clean-up. .

. Demonstration or supply table clean-vp.

. Check floors for paper and stray equipment.

. Check equipment shelves for proper return of all trays.

. Collect and store unfinished projects for the next session. (Check to see that each

Check and refill alcohol burners.

piece is clearly labeled.)

. Check and refill solution and chemical bottles
8.

Countaequxpmem that has been set out in special numbers.
Other assigned tasks can be custodianship for special of easily misplaced equip-

meént such as safety glasses; balances and weight sets for balances; books (texts, lab °
manuals, instruction sheets, and lab reports); dissecting kits; and microscopes. This
equipment should be numbered and the numbers should appear both on the
equipment and on the shelf space or hook where it is to be stored. .
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If there are fall class sets of the equipment, students should be instructed to use
only the piece that corresponds to their team numbser. If each team uses more than
one piece of the same equipment (e.g., safety glasses), then number with the team
fiumber followed by A, B, C, etc. '
. When there are only a few pieces of the equipment (not enough to assign one to
each team), set up a signout system and make one team responsible for the item.
Number or letter the equipment, and providesignout sheets. The team in charge of
the equiprnent is responsible for signing it out and givinga final accounting at the .
end of the period. :

-SAFETY PROCEDURES

1. Keep the rules short and simple. This makes them easy for students to remember

and_ easier for the teacher to enforce.
. Teachérs and guests should follow the safety rules just as carefully as the students.
ju nior high and middle school students tend to learn safety more by imitation and
repetition than by logic. Therefore, iz is extremely important that the teacher get
into the habit of following safery rules consistently, even when students are'not
around. .

* Label everything clearly. Reserve red for safety cautions.

4. Check the proporties of unfamiliar reagents in a good reference. Teach your
students how to use standard reference manuals as well and get them in the habit

. of using. them.

5 Give a general lab safety lesson as early as possible. Point out locations of exits
and safety equipment (fire extinguishers, showers, fume hoods, etc.) and give
instruction on emergency procedure.

6.. Special safety rules such as instruction on the handling of acids are much more

_ effective when tanght just prior to use. Review pertinent general rules.and
special safety instruction immediately before each lab involving hazards.

! 7. Have the students write their own copies of the safety rules and inssst that these .
be brought to all lab classes. When special techniques are taught, the accompany-
ing safety rules should be added to the original list.

8. Establish a signal to get imimediate attention from the whole class-Use a whistle, .
bell, buzzer, or flick tHe lights. Make it clear that the signal means all activity is to
come to an immediate stop. '

9. Enforce the safery rules strictly and consxstently Contact parents dlrectly and
immediately in cases of habitual or deliberate disregard for safety regulations.

IN THE LAB
- Some general pomts to keep in.mind whlle working with students in thelab
mclude the following: : :
1. Keep moving. Don't spend all or most of your time with one or two groups. If
you haven't changed areas in 5 minutes, you are probably so wrapped up in the
team with which you are workmg that you don t really know what the rest of the
class is really doing.
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2. Keeplistening. Even when working individually with students or teums, listen ro
what is going on elsewhere ar the same time.

Make use of mirrors. windows, and other reflecting surfaces to check behind and
around you while working where your direct view is obstructed. No marter where
you are in the room, keep eyes and ears open for signals from everywhere else.
4. Encourage students to help each other. iustead of answering each question
scveral times, refer students to other students whom you helped with the same
probierm.

Respond to quier calls for help before noisy tantrums.

Encourage use of reference materials for factual information.

Establish a signal to get immediate full class attention.

. STAY CALM!

® N o v

BREAKAGE

In a working lab, it is inevitable that things break. This usually occurs with an
audible crash followed by dead silence or possibly a cheer as the class waits to observe
the teacher’s reaction. Regardless of the reason for the accident, a good immediate
response is to'quietly give instructions to clean up quickly without further disrup-
tion. This gives the teacher time to determine the cause of the breakage and deCrde
what to do about i,

Different schools have their own rules abour breakage fees, so it is best to check
the general procedure first. One method that has worked well is ‘to charge the
student the current cost of the item if it is broken because of carelessness and double
the cost if iris broken on purpose or while doing somerhing specifically :»rricted.

In any case, keep a record of all the items that are broken along witii date and
name of the student who broke. You may find some consistent patterns and want to
take some time to <heck on the rechmque of students habitually breaking things or
change a procedure if a lot of children keep having similar accidents.

CLEANUP
‘Cleanup can ma.e or break a laboratory program. It is imperative that the room
be cleaned up and putback in order ar the end of each period, not justoncear theend
of the day or when you can no longer stand the mess. Classes entering a messy lab

tend to work more sloppily and leave the lak in worse shape at the end of the period. ’

A number of factors contribute to efficient and relatively stress-free cleanup periods:
1. Insist on proper cleanup from the very first lab. Don’t wair until the sloppiness
obstruces progress. Continue to check cleanup in every fab period, not just
intermittently,

Make each person responsible for his or her own area and materials but don't
hesitate to ask students to help each other as well. Likewise help them and ask
that they help you. * .

3. -Assign individuals or teams to take charge of common areas and to chcck on thc

return of various items.
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4. Scan common areas such as sink and supply tables several times during the
period. If things arc unsatisfactory, stop the whole class right then and have the
mess cleaned up before allowing anyone to continue regular work.

-5, Store glassware on drying racks or open shelves. Let the natural process of

evaporation take care of drying. This saves time and paper towels.

6. Plan for cleanup time in the regular lesson schedule. Don't just squeeze it in
between the dismissal bell and the rext class. Initially, this may take 10 to 15
minutes, but time can be shortened to less than five minutes in a lab where
materials are clean and easily located. Give a warning 1-5 minutes before cleanup
time sd students can wind up their experiments or get them set to store
overnight.-When cleanup time arrives, stop all lab wérk and get everyone to
straighten things up and put things away. .

7. Use plenty of labeling. Label shelves and materials, trays and bottles, so students
can rell where to purt things even after forgerting where they got them.

8. Have everyone return to seats after cleanup. Then take a minute to scancommon
areas, desks, lab benches, sinks and equ_ipment. Don't dismiss anyone until all is -
in order. 4 v

9. Don't forger the compliments. If things look good or cleanup was qunck and
efficient, reward the students by letting them know you noriced.

WASTE DISPOSAL .

For ecological as well as economic reasons, consideration should be given to waste
disposal and the possibilities of recycling. Solid wastes are usually the most trouble-
some, particularly if they are also wet and only partially congealed. If the material is
relatively dense, a pail or deep container- in the sink works well. Students can be
instructed to dump and rinse directly into the pail where the solids can be collected
and prevented from stopping the drain.

Thought should also be given to the possible reuse of matenals 'In some of the

" new science programs, many of the solutions can be reused, even after they have

been diluted or slightly.contaminated. Remember to keep separate containers for
fresh stock and contaminated stock. Sornetimes the end products of ofie experiment
are used as reactanes for another experimens.

Provide separate waste containers for broken glass, used matches and organic
wastes. As with everything else, mark waste disposal containers clearly and place
them where students are most likely to dump materials, near the sink or supply
tables. :

IMPROVISING EQUIPMENT
Improvising equipment can be both challenging and satisfying. It is a concrete
way to boost ecology and demonstrates thar goud science does not require stainless
steel laboratories with rows of flawless test tubes. lmpmvnsanon 1.2y trim quite 2 bit
from a tight science budger and be a lifesaver ifyou just can’t find what you need. For.
example, test tube racks may be improvised by cutting holes in shoe boxes or milk
cartons or by drilling holes in a piece of wood.
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Students are quite good at improvising equipment. Often they are able o -
construct sxmple devices that perform the same functions as more expersive pieces
of specialized ¢quipment simply because they see the problem first and not the
classical apparatus. Good sources of ideas, help, and material are’ other science
teachers, custodians, the cafeteria staff, and shop teachers. Some of thelr clutter may
bej just what you need. ! . .

Good luck with your next lab. Try to relax and enjoy it!

HANDBOOKS . -
Somc ‘good standard réferences for the laboratory classroom are:
'Handbook of Chemistry and Physics, Robert C. Weast, ed. The Chemxcal o
Rubber.Co. Press Cleveland, Ohio (yearly).
The Merck Index, Paul G. Stecher, ed. Merck & Co., Inc,, Rahway, NJ. 1976.
Handbook of Nature Study, Anna’ Borsford. Comstock, Comstock Publishing
Co., Inc, Ithaca, N.Y. 1939.
" Safety in the Secondary Science Classroom. NauonalSCxenceTeachers Associa- - .
tion, Washington, D.C. 1978 (rev. 1983). -
Laboratory Waste Disposal Manual. Manufacturing Chemnsrs Assocnanon,.
Washmgton DC 1969 (rev. 1973)
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Creativity—Nurture and Stimulation
Rodger Bybee ‘

-MARY, MELVIN AND JOHN

“Mary, why are you late for school? Did you leave home o time?”

"Yes,1did.”

“Then why are you late?”

“I guess [ walk too slow.”

“But [ saw you looking at something across the street.”

"Oh yes! | was walking along looking at the sidewalk when I saw moss
growing in the cracks. I started looking around to see all the placésI could find
moss. You should have seen some of the places I found it—on a brick wall,
under a tree in a garden, on the street by the curb.”

“But Mary, we must start school on time."

“Yes, but it seemed important to me to look.”

“Perhaps it was, Mary, but it’s time to start class.” -

Melvin was staring out the window at the snow.
“Are you daydreammg, Melvin? We're talking about community helpers :
Were you thinking about helpers, Melvin?"
"Yes, I was helping track down a giant Srowslake. The story is Melvm and
the Monster Snowflake." I was sent to capture the Monster Snowflike, but
whenever I got close, it would melt and become invisible; the white would go
away. Then the Snowflake, disguised as water, would go somewhere else and
‘reappear as a snowflake. I was having a hard time because the Snowflake
-would change into water and become invisible, 24 'Vhen itcame back i it would

be different. All snowflakes are different, yov .lww,” ‘

"That's an mteresnng story Melvm but it 1eally i lsn trelated to what we're
studying.”

John was wandering around the classroom, me.,smg with varlous ob)ects
* distracting other children as he walked around.

“John, what are you doing?"

"My lunch is gone,’

"Didn’t you leave i l[ in your desk"_’

"Yes, but it’s gone.”

“"Where js it?” : '

“l was wondering the same thing.”
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Art by Robyn ]olm.wn-koui :

Are these cHildren’s behaviors creative or .disruptive? Some will think the
children are inquisitive, original, unique, and bold. They will see the children as
being creative/ Others may considér the children neglectful, inattentive, trouble- '
some, even djsobedient. Still others will decide some of the-behaviors are creative
and others are disruptive. This ambiguity is intentional. Children’s creative behavior
is not alway$ well-defined when considered in the context of the teacher’s percep-
tions, the cJassroom rhe curriculum, and the administration. .
Creati'vi(y is one of the paradoxical issues in American education. It is valued,
‘ cherished, and recognized as an important goal. Yet in actual practice, creative ' _

poremi::}r’is sei.Jom actualized. In a time of concern for the basics, it is also important -
to consider children’s creativity. Individual development is a basic goal of education. .
Much rc/:search,on creativity supports a position that the creative process is an,
impor' nt Rar't/of each person, We should, then, accept creativity as important and
work fo develop it during the formal educational process.

Krjowledge of your own creativity will help in appreciating creativity in others.
- Try some of the experiences in the box. Try them alone and with your class.

, 6l
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Experiencing Creativity
These activities are designed to help an individual realize some of his or her
own creativity. They don't include all aspects of creativity nor will they insure -
your becoming a more creative person. Experiencing creativity takes a type of
giving up of oneself to the process. These activities can provide a catalyst,

‘Unique in the Common :
Look around. Can you see something unique ina common ob]ect> Are there
“colors and relationships among shapes you haven't seen before? What about
patterns of positive and negative space? Watch a sunset, a child at play, look at
the buildings on your way home. Try to find something uncommon in a
common place or thing.

Past and Future
" Take some deep breaths. Sit back, relax, close your eyes. Imagine your
favorite flower. In your imagination, stare at the flower. Give yourself up to
your thoughts. - '

Appreciation and Joy
Do you have a picture or pictures of somebody close to you? Take out your
plcture(s) Think about the person, experiencing the freshness of apprecia-.
tion and en]oyment this person brings to you.

Awareness and Inslght
" Many people have someplace that is very special. In this place, proprietary
milieu, we are at peace with' ourselves. Facades are down. There is no role
playing. Where is this place for'you? Is itat home, out-of-doors? Are you alone
or with someone? What are you doing? What is going on around you?

Changing Perceptions

Imagme being where ycu are now andonly 5 cm tall. What does the world
look like? Now imagine you are 3 m tall. How do your perceptions c‘nange’

" What does the world look llke now?

Fantasy /
Join the story of "Melvin and the Monster Snowflake Be the snowflake.
You can mele, disguise yourself as another snowflake, freeze, evaporate, and
subliniate. Where would you go?. What would you do to get away f_gé)m

. Melvin? ' ’
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Creativity is sometimes defined as a product whether it be a new idea, a painting,
or a story. Creativiry is also an internal process made up of puzzlement about
sorhcthing. thought abour the problem, an incubation period, illumination, and
finally verification or refutation of the solution. Both process and product must be
considered in the definition. An act, such as creativiz_, needs referen:e to an object.
One characteristic of the creative process is directedness. The process results in

something, an object, 2n idea, even an unspecifiable thought. To reverse this, if

creativity is only the product. how did the product come to be? These ideas are
important in recognizing and develéping creativity. Both process and product must
be considered. In the end. it is the child or adult who does the creating.

' RECOGNIZING CREATIVITY .

It is difficult to observe asingle act ¢ hehavior in a short period and say whether it
is creative or not. The rendency to re .juce and analyze in an attempt to understand
often leads to trouble, especially in areas such as creativity. Teachers can observe
students in their classes over some length of time. Bringing together 1 holistic
picture of children in light of the characteristice discussed is a better =ay. to view

classroom creativity. I will cite one imaginary child, Alfred, as a continuous example’

to allow an image of a creative pérson to form'in the reader’s mind.
Openness is a fundamental characteristic of a creative person. These people are
comfortable in a position of ambiguity; at these times many inputs that catalyze new

ideas and different ways of thinking abour old ideas are realized. Jean Piaget's (10)!

discussion of disequilibrium and the subsequent process of equilibration and John
Dewey's (2) discussion 6f thinking thar results from experience and problems are
both processes by which ideas are considered, changed, and contribute to growth.

Being open to suggestions provides opportunity for'creative thinking. Alfred
could take a simple idea and stretch, expu::d, and modify it into a more elegant idea.

Pare of this type of creative thinking is use of imagination.

For chxldren like Alfred, all teachers need to do is ask questions such as, “What if

you were . . .” "What would happen if . . . 2" These questions bring forth contmu-_

ous response that slowly drifts off to fantasy land. Sometimes the questions do not
have to be asked, as in the opening example of Melvin. Most teachers recognize
imagination, fz ‘uasy, and intellectual playfulness. o ‘

So far, creativeness has been talked about as inspiratic., illumination, or working
through inspiration. Melvm, for example, had an inspiration for a story about a

monster snowflake. The difference between this idea and the/final story is persis-
* tence, dedication, a willingness to work, and continued enthusiasm for the idea.

.Fluency, flexibility, and originality are likewise traits ofcrez{ti\'/ity. When asked an
openended question such as "How many ways could you use 3 plastic spoo1?” Alfred
could produce a continuous flow of ideas: to eat with, to laupch paper missiles with,
to make noise with, to melt. Fluency is génerating ndeas of responses relevant to a
paruaxlar question.

1
See References.
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“Can you think of different uses for magnets?” Alfred could produce unique ideas
such as holding false teeth or a wig in place..Flexibiliry in thought is changing of
categories, varying production of ideas to let unique ideas emerge.

"Can you think of a new kind of alarm clock?” Orxgmalu:y, thinking in .xovel or
unique ways, and clever ideas are all recognizable qualities of creative children.
Alfred was always coming up with unexpected responses, wild ideas, and unusual
ways of seeing the familiar. For an alarm clock, he designed an elaborate computer-
ized system with many pleasant experiznces to awaken the sleeper, such as the smell
of fresh coffee, the sound of soft music, the voice of a friend, vibrations in the bed.
The pleasant experience could be programmedby the person who bought the clock.
One would be randomly selected each morning by the computer, so the person never
knew what to expect, but would always be pleasantly awakened. But “alarm clock™ is
not a good name for his device, since it is associated with warning or danger. Canyou
thmk of a name that better describes Alfred’s clock?

" Credtive people also show courage, complexxry, and curiosity. Mary's response to
wiiy she was late, "It seemed important to me,” typifies the self-assertive, confident
student. Alfred was- not afraid to guess ar expose his ideds to criticism. This
pioneering, risk- taking spirit often put him in pasitions where he stood alone from

his peers. Seemingly, this did not bother him. He was not influenced by the group; . -

he had the courage to stand up for his ideas. Alfred’s behavior also showed
complexity. He was introspective, immersed in his thoughts and ideas. His courage
to the outer world was complemented by the examination of his inner world.

Mary’s curiosity caused her lateness for school. Stopping to take a closer look,
preoccupation with problems, following a hunch just to see whar happens, are all
important to creativity. It is as though Mary were following Rilke's advice toayoung
poet, "Try to love the guestions themselves.” (11)

Fluency, flexibility, originality of ideas, openness to experience, courage, and
imagination are characteristics all children exhibit to some degree. Recognizing
them as creative is an individual judgment. What I have described is not the special
talent creativity; it is creativity you can see in students everyday. Teachers should
recognize creativity's primary processes; spontaneity, insight, fanrasy, originality. If
creativity's early processes are accepted, the secondary processes—the working
through, the testing, and finishing the product—are likely to occur.

ACCEPTING CREATIVITY -

Were the children in the anecdotes creative or disruptive? Obviously, that is the
wrong question to ask. All the children showed some creative behavior that also
caused disruption in'their classes. The degree towhich a student’s behavior is seen as
creative depends on the teacher’s recognizing and accepting creativity as an educa-
tional goal. Children's behaviors must be looked at in the larger context of education.
> John may have been disruptive, Still, he shows elements of mdw:dual creauvxty
What are they? :

Acceptancc is the heart of the matter for classcoom teachers concerned about
creativity. Teachers who, for the most part, recognize creativity in their classrooms,
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sometimes do not accept and value it. The creative child is seen as maiadjusted, a

_misfit, out of the mainstream. A study by Torrance asked teachies to note how far

they would encourage or discourage isolated characteristics. Creative behaviors
generally ranked low. (12)

Calvin Taylor has used a unique way of approaching this problem: Design an

educational entironment that stifles creatsvity. 2 Sadly, the-description paints a fairly
accurate picture of too many classrooms. Included are conformity in lessons, com-

pliance, restriction, punishment for creative behavior, appeal to authority, “cook-
book™ approaches, emphasis on answers, intolerance of mistakes, suppression.

What do we mean by acceprance? A/l behavior in a classroom is not acceprable. If
Alfred ran around banging chairs, disrupring the class, he is not being “creative.”
However, teachers can decide to accept creativity as a purpose of education and
develop an atmosphere for encouraging creativity in the classroom. )

DEVELOPING CREATIVITY
What type of classroom best nurtures creativity? A rich, stimularir.» classroom
environment is warm and exciting and offers elements conducive to creative
thought—bulletin boards, colors, books, plants, animals, blocks, interest centers, and

“tools that invite curiosity and act as catalysts for creativity. Such an atmosphere

encourages children’s spontaneous and original expression. The stimulating envi-
ronment is also characterized by the warm, trusting interpersonal relationship
existing between teacher and students. Students realize the teacher is'interested in
their ideas, and accepts and encourages creative. ideas.

: CREATIVE LEARNING ACTIVITIES
Activities to stimulate creativity should have a base in reading, art, language,
science, and social studies lessons. Creativity should be an extension or sequence

within the lessons. As a group, children should have opportunity to inquire,

question, search, forecast, guess, hypothesize, and abstract during the lessons with-

out fear of teing penalized for wrong answers. Teachers should ask openended

questions and present unsolved problers, puzzles, and brain teasers. Some activities
should encoarage imaginative, fictional thinking. Gray offers ideas for encouraging

“creativity. (4,5)

‘TIME FOR CREATIVITY
Set aside a time to be used exclusively for development of creative activities.
While other studies would be involved, their emphasis would be secondary. Having
a special time for creativity does not imply it cannot occur at other times. I am
talking about a special time when any creative behavior, within limits, is acceptable,
First, introduce and practice skills and techniques of creative thinking. Group

activities such as brainstorming, synectics (3), making up stories, and discussing

*Calvin Taylor used this activity at a creativity workshop mndu}cgcd at ¢he University of Urah.
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yuld be activities. During these times spontaneous expression
, art or speech, fantasy, and speculation would be encouraged.
cognize the importance of private time, Students need time to
ect.

reative, but all students” behavior is not creative. Through
eful listening you can identify the creative talents of your
wivity. Be willing to work toward actualization of children’s
akes “courage to creare,” (9) This is true for students—and for
teer. It takes courage to change perceptions of student bekavior -
and to try to develop it in our téaghing -.ad students.

-/

/
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Rating Your Individualized Program
James A. Shymansky

The push toward individualization in recent years has been felt in all areas of
education, especially in science. Administrztors and teachers often feel compelled to
individualize their programs—of at least t¢ claim that they have done so—to avoid
being ostracized or considered old-fashion:d. Why the big push? Does evidence
show that instruction is improved when it is individualized? This question merits a

‘long, hard look. Individualized science programs have been around in one form or
another for about 15 years, so the question can be debated.

The major rationale for individualizing instruction is clear. Students will do better
when instruction is raifored to meer individual needs. The teacher's role also seems

,clear. The teacher should create an environment in which all students can realize
their individual potential. The technique is often referred to as “facilitating” student
learning. But what does facilitating look like? How does facilitating or individualiz-
ing instruction differ from just plain teaching? Depending on whom you ask, the
answers to these questions vary greatly.

Unfortunately, most research studies of individualization in science instruction
tend to gloss over what the teacher does or doesn’t do to effect the process.
Occasionally there is casual mention thar the teacher should move from student to
student, that the teacher should ask open-ended questions, or that students should
appear to be working on their own. Bur for teachers who want to start an
individualized program, these observations offer little help. Unfortunately, without
guidance, the teacher may develop misconceptions abour individualization in the
classroom and what it can or should be. *

-

TEACHER'S ROLE :
_ Let's look at the teacher’s role and planning as important elements of individual-
izing science instruction. If teachers don’t understand what their own roles in an
- individualized program are or if they don't properly plan activities that complement
individualization, instruction may be less effective in meeting pupils’ nzedsandend” )
upas/ess personalized than in the more traditional large group setting. In one study, -
dara concerning individualization in junior high schocl science programs were’”
gathered. (2)* The purpose of this study, done at the request of teachers and sc_h(')/ol
- administrators, was to provide a profile of each school's science instruction in terms
of kinds of teaching materials and methods being used. In the schgol"using a’
sn-called individualized approach to teaching science, some startling.Gbservatioas
were made. Four teachers were observed spending up to 78 perceat of inclass time
managing the instructional program—checking assignmcngs;"iecord‘ng student

. .
*See References
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selection of activities, administering pretests, posttests, makeup tests, and perform-
ing clerical duties. Little or rio time was spent with pupils in aa individualized
setting to accomplish the goals of the science of the activities. One of the major
strengths of an individualized program is that students receive more personal
attention from the teacher through small group interactions. The individualized
classrooms in this study were not meeting this criterion.

Moredisturbing than the large amount of time spent by teachers on ma2nagement
tasks was the fact that the students were caught up in the managetnent aspects of
instructiont as well. Althongh no formal data were collected on hew i-iidien time was
spent in these classrooras, the observers’ informal written commwris noded that
students spent as little as five minutes of the 45-minute class on seence-related
activities. As might be expected from the previously mentioned teacher profiles,
students spent inuch time waiting in line to check out activities with the teacher,
handing in agsignrﬁér;ts, or waiting to use certain equipment.

This situatior: is probably not that different from other individualized science
programs throughout the country. On the surface, the programs appear good.

“ Students are working on their own projects or contracts zt their own rates. Many

instructional media are being used. Major ingredients fer good instruction are there,
but there is one serious deficiency—the teacher and the teacher's role. Somehow the
teachers and the roles they play got lost in the shuffle. Instead of more frequent and
meaningful interactions between teachers and students, these classrooms are caught
up in management and mechanical activity.

Individualization is mor a panacea. It is possible, in fact, that the quality of
teacher-student interactions and the overall instructional quality may diminish.
Pitf2lls exist. So do opportunities for learning émprovement. But giving up and
reverting to large group lectures where science is taught by reditation and an
occasional laburatory experience is not 2n acceptable alternative, There are prob-
lems with individualizingsscience instruction, but this does not mean that the idea
should be discarded. The ratiosale behind individualization is still valid. The
challenge is ty make individualism a real part of the classroom and to make it more
effective than other instructional modes. Until now, this ck:allenge has been largely

__metatthe materials level, The next step is to meet the challengeat the teacher and

instructional level.

WHAT TEACHERS CAN DO
What can teachers do to improve their individualization efforts? "Start with one
practical step and work toward the ideal.” (1) Sound advice, but there is a second

 part, Every so often, assess where you are in the journey. By adding the assessment

componert, chances are less that you will lose sight of the reasons for wanting to
individualize in the first, place. Chances are greater that you will not stop short of
your goal. The decrease in one-to-one teacher-student contacts due to a preoccupa-
tion-with management aspzcts of individualization is the first pitfall. Self-pacing can
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be a s#ond pxtfa I The idea uf students workmg at their own rate srarted out as a
_step toward individualization for munj classroom reachers. Buy, in fact, self-pacing
“too often becomes-an end in itself. Even though it has taken on this status in many
schouls, self-pacing is not individualization. Think, for a moment, about the differ-
ence. Is self-pacing an aspect of mdlvxdu:alxzmg> What does research suggest as aset
of guidelines that teachers can follow inan attempt to individualize? Here are some

suggesnons to consider: '

1. Severing ties and rotal dependence ona sm;,le textbook laboratory manual, or

program, There are many resources available. Increasing the number of sources

- of activities and ideas increases opportunities for students to make desisions

-about what will be learned and how it will be learned. This is a key factor- in
individualization. )

2. Varying the instructional modes available to students, .making sure to offer
several different ones simultaneously. For example, provide science learnmg
centers that offer opportunities for individual selection and deslgn of activities.
Access individualized work with core activities and offer options for student-
designed excursions. Involve students in long-term and short- -term projects.
Encourage small- -group activities with opportunities for student-initiated work.
‘These are all ways to move instruction toward che individualized end of the _

" continuum. A key factor in all of these is.to allow students to take parc in
‘determining objectives.

3. Movi ‘ing aromzd Make an effort to spend time working with individual students -
.and small groups. Spend less time teactiing the group as a whole.

¥}

e

A. Streamlining your record-keeping system. This will minimize the amount of
class time you and your students spend checking materials and assignments.

S.. Mom/ormg your activity and the activity of individual students perxodxcally Find
out how much time you and your students spend in productive, sciencing activity
and how much time. you spend on program mechanics and administration.
Audiotapes of class fctivity can provide a good picture of producnvxry Daily
student Jogs are also a good source of (hlS information.

-

6. Examining. reex .lmmmg, and evaluating your role. You should be tcachm},

differently in an individualized setting. Don't be concerned if you aren’t the -
center of .mc-nuon That's the way it should be
. 69
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Here is a system for mumtorm;, your mdlvnduallzauon efforts. Where do you
»o stand?" :

1 1s your instruction based on one textbook and/or laboratory m:mu:«l>
O No - score 1 0O Yes- score 0

2.4n class toddy, were differént students learning through different media?
. O Yes-score | :E-NG - score 0 : °

3. Were students give;l the ‘option of working on ditferent topics or activities? -
0 Yes -'score 1 O No - score 0 (Skip to No. 5)

4. Who designed the activities that students worked on?

, 0 Seudent - score 1 O Teacher - score 0

o

5. Did you spend more time intéracting with individual students or_ﬂsmall~grou}'5§'6f1
less than six than with large groups? » . \
O Yes - score 1 (go to No. 6) 0O No - score 0 (stop) . ) T

6. Did 'you sp:sui rwore time today checking on ‘materials, checking and making
assignmersi, 2o grading work ‘than you did working with students on the
. science acmu v, individually, in small groups, and large groups: combmed>
O No - score 1" O Yes : score 0

Add up your scores. If you gor six puints, your science program is individualized. '
" You've got a handle on the basics. Now refine other efforts such as questioning
skills; If your score is three to five, you are headed in the right direction and are ready
to take the next steps. If your score is less than three; yet you: think you have an »
individualized program, you need to take a closer look. Thar's nothing more than
you'd expect your students to do in the event they t00 achieved less.
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‘Organizing an Outdoor Education Field
Tr1p For Junior High Students

, Pnerce F. McCabe
Gail Novy Kleisner

; INITIAL PLANNING
~ In Augusrof 1976, two teachers from Godwin Junior High, Cicero, Illinois, visited
the Cloverleaf Girl Scout Camp near Sheridan, Illinois. They were immediately
struck with the idea of an outdoor cducational program for the eighth-grade
. students of their school. They visualized an overmght campmg trip durmg the
following spring.
When they returned to school in September, they talked to fellow staff members
to gain support for the trip. They explained that staff participation in such a
program would require a great deal of time both before and during the trip.-—time
spent preparing lesson plans, visiting the camp, and spending several nights.with
the pupils. Three teachers and the assistant principal agreed to try such a program.
Thus, a team of six teachers. was formed who took responsibility for planning;
coordinating, and teaching classes on the field trip. The team was made up of three
science teachers, a physical -education instructor, a social studiés teacher, .and a
language Arts teacher. Most had had some camping experience and one teacher had
extensxve first aid training. b
. The next Step was to approach the admmxstrauon both at the school and at the .
districe level for obtaining approval. After having secured tentative approval from
the school admirfistration, formal approval was sought and obtained from the erl

Scout Board as well as from the district admmxstrauon : v e

OBJECTIVES .

As a starting point, the six teachers began the task of outlining the outdoor
program. Usmg several books as guides on outdoor education, the planners devel-
oped program objectives, in-school orientation, program activities, and i in- school
followup.

The overall program ob]ecuves included the following:

. To enhance science education

© To enhance conservation education .
e To enhance outdoor recreation

® To enhance camping knowledge

¢ To enhance envxronmental education.

In-school orientation included activities in each discipline:

Science: building a terrarium, dxagrammg food chains, identifying rock types,
learning how to use a hand leve], and usmg classroom charts. to xdennfy major
_constellations. - :

o
N



Phnycal Education: learnin? proper outdoor dress, practicing outdoor safecy, :
and learning how to make and pack a bedroll.

Social Srudies: reviewing map skills, learning how to use a compass, and
discussing man’s use and misuse of the environment. ‘ '

Language Arts: reviewing letter writing skills, reviewing notemkmg, learning
- proper labeling, and discussing listening skills.

Mathematics: using the metric system of measurement, learnmg to figure one’s:
own pace, learning estimating skills, and figuring the finances of the trip.

Home Economics: learning proper ‘menu planning for the trip, as well as
outdoor tips on cooking, and proper table serving techniques.

MEETING WITH PARENTS -

In iebrmry, the trip was first mentioned to parents, but only in general terms.
The teachers met with the parents in early May to give them the final plans,
equipment list, permission slips and emergency slips (signed, if possible, at this
time). Parents were instructed on the correct way to make and pack a bedrolland the
proper way to pack. This participation resulted in parental appreciation of the need
to elxmm.xte some ‘supplies. e

DIVIDING GROUPS
In order to keep the adult-pupil ratio as low as possible and to facilitate housing
accommodations, it was decided to divide the students into two groups with the boys
. going to camp on Monday and Tuesday, and the girls going on Thursday and Friday.
Those remaining behind were expected to attend school and were supervised by
remaining school - personnel. Regular classes were held for all students on
" Wednesday.
* Before leaving for camp, two alphabeucal lists, one of boys and one of girls, were-
compiled. The lists contained important data taken from the permission slips:
name, address, address and phone number where parent could be reached in an
emergency, and any medication being brought to camp or additional parental
comments. The list was mxmeographed and distributed to administrative personnel
remaining in town as well as faculty members participating in the trip. (Only one
emergency occurred when a parent needed to be contacted, and the emergency list
. provcd_l\nv‘lluable )

~

MENUS
Students were instructed in home economics class about menu plannmg, cost,and -
quantity. With the estimates of transpormuon and food, the cost of the trip was set
at $10 per student, which included $.50 per student for use of the campground
Students voted on the menus for the three meals (supper the first day and
breakfast and lunch the second day). They dined on the followmg
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' ~ : F irst Day:

Snack at 3:00 - apple '

Supper - sloppy joe on bun, salad banana pudding, potato chips, mxlk »

Snack at campfire - “s'mores" -
Second Day:

Breakfast - orange juice, bacon, pancakes, milk

Lunch - hot dogs, potato chips, lemonade, carrot and celery sucks

‘Snack before gomg., home donu_ts cookles mllk or lemonade

All food was purchased by a faculty member and students. It was taken to the
. camp prior to the trip and refrigerated and stored,.

TEACHER PREPARATIO\T AND EQUIPMENT

Prior to the trip itself, the teachers made two or three trips out to the camp.
Armed with maps of the area, they hiked around the camp to check on where they
were to teach, set up an obstacle course for the physical education.classes, and, in
general, familiarized themselves with the area where they would be camping. They
knew that some of the girls had been out to the camp as members of the Scouts, and
wanted to make sure that they knew the layout as well as the girls did.

The staff began to secure the necessary equipment after having seen the camp.
One of the hardest items to obtain was a long sturdy rope used for climbing, which

was eventually borrowed from the Chicago Fire Departinent. A horn was securedto

use in.announcing the end of each class. (The horn was also used to awaken the
pupils in the mornmgs and ro call the group together for any announcements. Many
students listed the horn as the thing they liked least about the trip.) Other’ itéins
secured for the trip which were not on the students’ equipment list included
compasses, meter sticks, gallon jars (obtained from the cooks in the cafeteria), a first
aid kit, watches, whistles, alarm clock,” flashlights, knives, cameras, film, and -
walkie-talkies. = :

Teachers began preparing students for the trip in the ciassroom by discussing
what they would be doing and what they would have to know for the trip. In science,
students worked with various charts for plant and tree identification. In P.E. class,
they learned how to make a bedroll and how to pack all of their gear inside of it.

Each teacher who participated in theitrip also had to prepare lesson plans for the
students who remained behind. These lesson plans dealr with items that related to
the environment, pollution, conservation, and other subjects which were closely tied
to the trip itself. : .

CAMP SCHEDULE ' :
_ When they arrived at the camp, the students unloaded their bedrolls and chose
. their sleeping quarters and partners. After the boys had selected their tents, the male
‘teachers moved into those tents where they thought there might be a problem. On
both camping trips, there was only one accompanying female teacker. On the trip
wich the girls, she chose a centrally locatéd tent to sleep in. The men slept at the
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summer troop house which was in carshor of the tents in the event of an emergency.
After arriving and setting up. the students had a sack lunch that they had brought
from home. After lunch the groups were divided for classes. The boys were in six
groups of about five each, and the girls had five groups of about nine each.
The following represents the girls’ schedule which was slightly refined from that
of the boys, in that fewer classes were planned for longer time periods. This'schedle
" seemed to work best for both students and staff.

. " Thursday
9:00 - leave school
10:30 : arrive at camp
©10:30-12:30 - ° set up and have lunch
12:30 - 5:00 three 90-minute classes
5:00- 6:30 supper and log writing
6:30 - 8:00 " visit pig farm
8:00 campfire and snack
11:00 bed '
. ) . Friday
6:00 arise, shower, and pack
7:00 - 9:00 breakfast
9:00 - 12:00 two 90-minute classes
12:00 - 1:30 - * lunch
1:30 - 3:00 - final class
3:00 - 5:00 “clean-up, tug of war, snack
.5:00 v . -leave for home .
7:00 - arrive at school

- A'neighboring farmer invited both groups of students to visit his pig farm. The
students hiked two miles in the evening to his farm and were able to hand feed his
pigs, as well as see his beéef cattle and ponies,

All students shared in the cooking of the three meals over an open fire. First, they
gathered enough firewood for the meals, They used matches to get the fire going.
Each student was assigned a task to do to prepare the meal. After the cooking and
éating, there was a clean-up which also involved everyone. Each student had been
asked to bring a "dip bag” (an old nylon stocking or wash.cloth’sewn together) to
wash their dishes. There were vhree pails of water for washing dishes after each -
meal. The first one was warm water with soap for a wash. The second was rinse with -
_ hot water, and the third was another rinse with hot water and several drops of
bleach for sanitizing. The dip bags were used for both rinses. The large pots also had
to be cleaned in this manner. When finished, the dip  bags were hung from a'tree so
the dishes could dry and be ready for the next meal. -

Before leaving camp on Tuesday, th~ first group performed a general clean-up of
the area. The supplies for each class were stored and food which could be saved for
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the next group was refrigerated. When the second group left camp on Friday,

everything had to be spotless before the camp caretakers would check the students

out. Everyone was given clean-up chores (buildings, grounds food packing, etc.)

with the teachers supervising the packmg of their own supplies and the van and
_ camper.

Equipment List for Carﬁp

In addition to what you wear to camp, you will need the followmg

Sleeping bag or bedroll toothbrush

raincoat or poncho A * tooth paste

boots ) comb ,

1 pgir’s’mrdy shoes d dcodo;'unt (stick-no spray) -
2.clean shirts : handkerchief

I clean pair pants - jeans plastic bow]

clean change of underwear plastic cup

2 pair clean socks spoon

. sweater or SWCJtShlrt 2 pens :

- jacket - . 2 pencils .

hat ] notebook

wash cloth - < work gloves (if you have)
small towel - ’ dip bag (old nylon stocking, clean)
bar of soap : , envelope with stamp on it

. These things may not be brought under any circumstances:

gym shoes vair curlers

suitcase . ' ' anything electric or battery operated .
flashlight : . radio ’

pillow ' ' shampoo

purse . knife

make-up ' "+ drugs

jewelry ' cigarettes

candy or-gum fireworks

Famlry mast be notified of all mcdxcanons brought to camp.

PROGRAM ACTIVITIES
Camp activities were planned by each of the six participating teachers. The
following are the activities, listed by discipline, thatwere carried qut by both thebOys
and the girls during each two- day trip. :

Physical Education: Students travelled the length of the creek leading to the Fox
River. They crawled, fan, jumped, climbed, and walked over, under, or through all
objects in their path. They were instructed to leave nature as they found it. This was
a “follow the leader” activity with the instructor leading the.way. When the students
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reached the river, a "stoné skipping” contest was held. The second day’s P.E. was
devoted to climbing a large tree and traveling across a suspended rope hanging from
one tree to another. This proved to be the most daring camp activity and the most

talked abour adventure of the trip. A steep "hill climb” race was held with each .

contestant racing against a stop watch.

Science: The assistant prmcxpal conducted a class on phms He wanted the
students to recognize common plants and know their characteristics; to learn about
the uses, peculiar qualities, and interesting aspects of different plants; and to
uiderstand some of the interrelationships of plant and animal tife. To accomplish
this, he rook students on a nature hike and identified different types of environ-

menzs (forest, swamp, river bed, cultivated, sandy, rocky, etc.), and the life forms

occupying each ecosystem. He and the students located edible fruit bearing plants in
the ares, looked acevidence of animal and insect habitars (ants, squirrels,birds,deer;
insects, snakes, etc.), and examined examples of plant and insect effects on decom-
position of plants

Another science teacher-exposed students to’various aspects of stream ecology.
The students observed and collecred specimens to be cataloged. Two stages of the
stream, mature and old age, were investigated to discover the relationship of plant
and animal communities to the topography of the ecosystem. Students used rmicro-
scopes, slides, test tubes, hand lenses, minnow traps, lugol's 'solution, taxonomic
keys, dip nets, forceps, and needles in their stream study.

A third science class was concerned with creating a woodland terrarium. Materials
included a gallon jar, woodland soil and plants, and collecting tools. To begin, each

group held a discussion about the interdependence of plants and animals in the

environment. Students were taken on a short walk to collect typical woodland plants
such as mosses, ferns, pine seedlings, fungi, wild strawberries, violers, erc. While on
the hike, the teacher pointed out poison ivy ind discussed its-similarity to Virginia
Creeper. Upon returning to the troophouse, the students built individual terrariums
which were later displayed at the school. - ¥ '

Social Studies: The social studies teacher worked with students on pace, direc-

tion, the compass, mapping, measuring, and’ estimaring. In order to measure the -

'height of a tree and the width of rhe river, students had to find their pace for three
meters. Students also found direction using the shadow of the sun and i watch.

_ Students next learned how to use the compass, reading direction as well as degrees.

After mast‘ering these skills, the students made a map of the area. .

Language Arts: The pupils kept a log of their activities, wrote a letter home and
listed descriptive words to define natural surroundings. They also discussed the

meanings of some old sayings, went.over some plant and animal identification -

charts, took notes, wrote and followed directions, worked on figures »f speech, and
studied modifying words. The students also wrote Haiku poetry.

76

- 60



f .
Art and Music: Although there was not a specific art class, art projects were
" included in other classes. Some of these projects were sand casting, leaf prints,

spattér prines, finger painting, and nature drawings. Music in the form of group
singing occurred around the campfire in the evening.

Sample Activity -
by Bob Facklam

How to Estimate Heights Using the Shadow-Ratio Method

Procedure:

. Plage stick of known length (yardstick or meterstick recommended) per-
ndicular to the ground and measure the length of shadow.
2. Me_asure shadow cast by object to be measured (tree).

-Svlve this proportion:
Shadow of Object—Object’s Height
Shadow of Stick—Stick’s Height
Example: 3 fr. yardstick casts 2 ft. shadow
Tree casts 10 fr. shadow -
10 = _Tree's Height
2 3
Tree’s Height = 15 fr.

STUDENT EVALUATION .
A questionnaire was given to each student v+ - had attended the field trip. The
following are some of the questions and results irom the survey.

1. In past years, the eighth-grade field trip has consisted of a trip to Sprmgfneld a
tour of Chicago, or something comparable. Did you prefer the outdoor educa-
tional trip or would you have preferred the usual trip? Why? Every student
résponded that he'preferred the outdoor trip and some of the reasons given
were: . . . becausc it was outdoors; was not the regular tlass; met peopleona
different level (especially the teachers); enjoyed the tearn work; and had never
doae this before.” : :

7
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10.

Had you ever camped like this before? If 50, when and how many times?
Sixty-three percent of the students had donc some camping. Of these, the
number of times ranged from one to a hl;,h of fifteen. The average number of
times seemed to be zbout three.

Pledse list the new experiences you had at the comp. Those listed included the
following: "measuring the height of a tree; measuring the width of a river; A
finding direction from a watch; making a campfire; learning the different types
of trees; vxsmng a pig farm; using a compass; sleeping in a platform tent;
climbing a rope over the river; building a terrarium; walking in the creck or -
river; climbing trees; seeing a different side of the teachers; cleaning the
latrines; cooking around a campfire; writing a Haiku; sleeping outdoors;
skipping stones; drinking well water; cooking over an open fire; seeing and
touching a stinging nettle bush; learning about poison ivy; building a fire; and
learning what ecology and conservation are abopt.” '

4. Which classes did you enjoy most? Why? The students seemed to like the

classes in which they were physically challenged; that is, physical education,
social studies, and science classes. Their comments were: "It was daring; we

“were like the explorers; enjoyed the climbing; it was rugged.” Many liked tlie

language arts class because it was: “peaceful, relaxing, and restful.” A large
number of students said that they enjoyed every class because all were different
and learning was made fun. "We didn't even know we were learning
something!”

. Had you ever been to a pig farm before? Please hst new sights. or learning

experiences. Of those responding, 679 had never been to a pig farm before.
Some of the new experiences listed were: “touching a pig; the smell of the farm;
touching the electric fence; and seeing a real white horse.”

What did you enjoy most abour the trip? The large number responded that they
enjoyed the hikes the most. Others listed i in order of preference: "the campfire

“at night; everything; cookmg, sleeping in tents; classes; rope climbing; team

work; farm; and terrarium.’

. Whatdid you enjoy least about the trip? Students listed the following: "nothing;

the ride home; the horn in the morning to get us up; classes; going home;
breakfast; bugs and mosquitos; getting up at 6am; cookmg, and going to bed
early.”

-8. If we had time to go again, would you go? Why or wl—iy not? The results were

'1009% "yes!" The reason given br most of the students was “because it was fun.”
The next highest reason was “because it was educational.” Others listed:
“because it was outdoors; our of the city; out of school, and peaceful” One
student responded that this trip hadcreated a desire to join the backpacking and
wilderness club-in high school. '

Do you think next year's exghth-grade class should take the same trip? Over—'
whelmingly the students said, “yes!

Is there any way the trip could have been improved? Of those replymg, 54%

vy
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said “no.” Others listed the following: “allow flashlights; more free time; sz
ionger; better syrup ar breakfast; not so many classes; and more sleep time.”

The last section of the questionnaire was for additional comments. Some students
had suggestions for things the staff might do to improve the program and others

used the space to compliment the trip. The remarks included, "I wish we could have

gone swimming. It should have heen longer. Let's do itagain! The trip was a blast! It
was really nice of the teachers to take their time with us. There seemed to always be
something new to learn. I enjoyed it. It was fun!”,

STAFF RECOMMENDATIONS |

The six teachers 1ttendm& the Camp came up with some recommendations of

-their own for future trips.

These included the following: Do not try to take both groups to the camp within
the same week. Take one group on a Thursday and Friday and theu ralze the second
group on the following Thursday and Friday. (The staff was exhausted after two
trips in one week!) Keep the classes small with a ratio of no more than ten students
to one teacher. Another suggestion was that the school district should hire some
substitutes to cover the classes thart stay behind. The classes were too large for those

‘teachers who did. not go on the trip.

Finally, if the camping program is continued, the staff would like to go twice—" '
once in the fall of the year and once 2gain in the spring, so that the students could see
the major differencus that occur over the winter months.

Allinall, the trip was a great success anc a rewarding experience for both students
and staff.
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Creative Learrung Environments for the
Middie School

Robert S. Jones
C. Kenneth McEwin

Built environments for children are usually designed by adults, for adult use and
for adult convenience. Consequently, such environments may not meet the needs of
the shildren who inhabit them. This has been particularly true of schools used by

“children in the transescent stage, which begins prl()r to the onset of puberty and

extends through the early stages of adolescence.
The transition from the primary classroom to the middle school almost always

- requires a major psychological adjustment for children. Yet school designs seldom
_serve to support the child during this transition. It would appear that educators plan

activities and design curricula independent of their envirenmenta] seiting.

Indoor space designs for transecents are patterned after those provided for high
school students. Consequently, they fail to fit the behavior patterns of transescents.
They tend to ignore psychological needs for small sp;nces that accommodate

‘independent study, learning and social interaction, as we | as the need for solitude
‘durmg quiet time.

* The transescent, no less than the young child, needs adequate space for move-
ment and exploration. Classroom designs that require pupils to remain seated for
long periods of time are unrealistic in terms of what we know about early adolescent
growth and development. :

Transescents have need to touch, explore and manipulate, to become intimately
involved in encounter with their environment. Too often educators proceed as -
though all middle school youngsters have reached a formal stage of intellectual
development characterized solely by abstract reasoning. On the contrary, abundant

- data support a primary need for hands-on activities that facilitate the-learning

process. An excellent starting point, and perhaps a major safeguard for designers of
middle school learning spaces, is w create environments responsive to human
needs. A responsive environment allows children (1) to explore freely, (2) to be
aware of the consequences of their behavior, and (3) to learn at their own rates.

-

A nccessary smrtin;; point in planning middle school learning environments is
coricern for the wys in which transescents learn. The following su&gest ways in
which erivironmeties may re pond to le.nrmr.g styles:

Transescents learn through doing. Provide ample space for movement involved in
exploration, manipulation and experimentation; provide s pace for activities related
to hobbies and interest groups. :
Transescents learn through conversing and mteractmg with peers. Plan space
design that allows for places to accommodate small gfoups
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“I'ransescents learn through reading. Provide carcfully designed reading areas with
a viiricty of reading materials in such & way that each classroom has its own
“mini-library.” z
Transescents learn through <ecing and listening. Provide a media center, study
carrel, listening center with earphones and small projection rooms.

Transescents fearn through role-playing and fantasy. Include space in school
design for dramutic activities that provide opportunities for trying out for roles, for
gaining insights into the behaviors of others, and for exploring feelings. In a major
sense, suzh space helps to create a psychological environment that allows for healthy
personality development.

Transescents learn through independent thinking and investigation. Provide
quict areis and small spaces for individual study—an important mode of learning,
Transescents learn through exploring natural and created environments. Expand.
classroom walls to include the world outside, thus extending the transescents’ world
and cnabling grearer undersranding of ecological and sociological concerns.

" T'ransescents learn through vigorous body movement. Provide large spaces,

indours and outdoors, for movement and release of substantial amounts of energy.
Transescents vary greatly in development, needs and learning styles. Plan learn-
ing environments that are flexible enough to respond to individual differences.

CHECKLIST FOR TEACHERS
Given the particular psychologizal and behavorial needs of transescents and the

- wide variety of learning styles identified here, there is a need for some systematic

evaluation of school environments. To be effective, the learning climate must be
based on the characteristics of the students who inhabit ther. The following
checklist may serve as a useful and simple means by which teachers can determine
how well their own classrooms rate as a good place for learning,

Environmental i o No Pro-
Feature : Good Average . Poor - visions

1. Ample space for
_movement :

2. Aieas for
exploration

3. Wide variety of
easily accessible
materiils

4. Activity areas for
hobbies and interest ]
groups —_
5. Activity areas
castly defined

6. Bulletin boards »
and work displayed
7. Places for small
groups
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8. Mini-library
9. Reading areas
10. Private carrels or . ) ' 1 -
listening center _
11. Media center . “

12. Areas for drama 9 ‘ ' '
and role play i
13. Quiet areas

14. Availability and
access to outside
areas

15. Large spuces for
vigorous body
movement, both
indoors and
outdoors : .
16. Environmental

flexibility -

CONCLUSION

Althoubh the checklist above focuses on physncal features of the environment, a
number of other factors associated with the learning climate are equally significant.
Without them even the best physical facility will fail to provide an appropriate
climate for learning. Donald Eichhorn* su~sests some that seem essential. The
envionment must be: (1) learner-centered, 12} creative, (3) industrious, (4) flexible,
(5) dyfamic, (G) friendly. (7) exploratory, (8) loving/caring and (9) disciplined.

The need for focusing more closely on learning envircniments in middle schools is
apparent as we move toward realizing the most ideal places in which to educate
transescent vourigsters. School planners and administrators, linked in their thinking
to traditional and conseevative ideas of school classrooms, must now take the
leadership ins designing environments that most accurately respond to our present
knowledge of the behavioral needs and learning styles of transescents. Any delay in
narrowing the gap between knowledge and practice does serious irijustice to
children and to those who have sought to create exciting and rewardmg, middle
schools.

Very few plants thrive in infertile soil. Very few middle school students will reach
their full potential in rigid, noncreative learning environments. It is hoped that the
brief, and certainly limited, ideas presented here will (1) raise the level of awareness
among those responsible for the development of middle school education and (2}

‘stimulate widesps€ad. interest in jnvestigating further the learning needs of

transescents and the-environments provided for them.

'ng/: Schools, 1979.

*Eichhorn, Dorald H. “The Power ()f.m ldta * Journal nf the North Carolina Leags. of Middlesjuiior
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Self-Assessment of Your Mid‘d_le/]unior |

High Science Program*

The purpose of thie instrument is to -assist yov and other members of yolir

department to obrain general information about the s*song aspects and the arzas in

*_peed of improvement in your middle/junior high science program. Information

from the data should assist you in making long-range plans for program improve-
mem dnd identifying possible solutions to problem areas.

In completmg the assessment, you will need to duplicate the matrix grid so it may

. e2used to rate each statement. The grid has been reproduced here only once in order

"> conserve space. ? .

. Rate”éach of the followmg statements on the matrix dccording to the two

parameters: Desira’ ility for your schooland then Achievemerit in your school. Each

scatemnent should first be evatuated for its Desirability. The scales used for each are:

Desirability ‘ o K .
4—verv desirable | '
3-~desirable - ‘ ' - e
2—moderately desirable - S . S A | .
l—unimportant s Zi.3 i

-1—undesirable - g2 ﬁ
o ) 3 e Sk e

Achievement _ ‘ il T - T

~ d—excellent c L A --

© 3—vepy good ARSI E RN NS
2—moderate ., . . ACHIFVEMENT
I—low

.1 —avoided

* - studenis-to take more science.

® The science program in our.school undergoes major change or modxfxc:mon e\fery
’ - five 'years

‘. Suentqwurscs reveal a variety of career opportunities, re;,ardless of sexxor ethmc

“ background, in science and cther related occupations.
. ® Science provides opportunities for students to have experiences similar to thosé of
-practicing stientists, i.c., to identify problems, use the library, design methods for
the scudy of problems, carry through projects using equipment and write reports.
® The skills lcarned in mathenatics are uszful in solving problems in science
LJUTSEes. : : v

°

'f\ddp(td from the N moml qLIL :nce Te.ldurs Association publication Gmdu/murfor&z// Astessment of
Yuuud.u) Sehoed Science Prog; Spamns. The wmplcu five part "Guidelines” is available for $10 from NSTA
S;‘cu.ll l‘Jbbcgtlons. 17:42 Connecticut Avenue, NW sthm),ton DC 20009.
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..., The mn;or purpose cf science education in our schoot is to lay the foundanon for.
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Our science zeachers know whar they. are <doing and why; they have goals and

plans for their courses; they come to each class meeting well prepared.

® Our science teachers realize that -..'cience study has different appeals and values for
different students. They do not “turn-off” everyone not plannmg to become a
scientist or engineer. ,

¢ Science courses have helped to nmprove the students’ basic skills (readmg,wrmng,
inathematics). .

® Our teachers encourage students to make suggestions for strengthening the
-science program and improving instruction. They evaluate the suggesuons and -
make ar cffort 10 use them. ‘ :

® Our school guidance counselors know a fot about science-related careers and the

school science program. The) yve helpful advice in the selection of science

courses.

& The science courses offered in our school include the requirem(:nrs fer every
student to spead at least 20 percent of the roral class time in individual or small
group laboratory investigations. ‘

® ‘QOur science program extends science study beyond the school into the nearby
community or beyond (e.g., field trips, visits to industry, camping experiences).

e The sciénce courses tend to be abstract and thecretical rather than applied or
practical.

® Literature assigned in English courses mcludc.s topics about science and/or -

“technology.

.Science teachers show genitiine, personalized interest in tke students.

The effects of science and techuciogy on our socnety are dealt with in social studies
courses. »

¢ The science program development in our school is ‘nfluenced by the continuous
“evaluation of the scierze curriculum.

e The most intense pressure for science program chang’ or me-:ification comes .
from the central administration of our school district. :

. 'Science courses should prepare individuals to utilize science for impre -ing their

" own lives and coping with an increasingly technological world.

:# The stience program provides students an opportuiity to study the effects of
techrological developments on:society.

& Science courses provxde an opportunity for students to apply thexr knowledge and
skills to attempt 1 solve real problems in the community.
e The science program includes topics cf curzent events, future problems, issues,
and needs confronting socxety : : I
e The conient and nature of specific science courses are mﬂuenced by "mlona’
curriculum development projects carried on during the past fifteen yéars or so.
e Science includes discussions of abuses of science and technology. by humans. *
-® The science program develepment for ‘our school inciudes consideration of
. -recommendations from a K-12 curriculum committee for our school district or
“from the other elemeatary or secondary schools attended by dur students.

:,‘._- .,{,; | -_ - " 74.‘ 84
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The science program decelopment includes consideratic. : of ideas, suggestions,
and criticisms solicited from interested, concerned persons other than the staff
and administration; e.g., current and former students, parents, prospective

“emplovers, and others.

® Science program dev elopmcnt includes provision by the school district for specml—

ists, expert leadership and/or counsel to assist staff and curriculumn committees
with their work.

° Prcp.u atory steps are taken prior to general adoption of courses or innovations;

g., pilot testing and €vaiuation; inservice programs for teachers; explanation’of
proposals . » -tudents, parents, and concerned citizens.

e Our science teachers are knowledgeable about the total science program of the
district and the various student activities completed at each grade.

® The Board of Education of our district is aware of the current status of the science
program and future needs.

o-QOur science program includes multidisciplinary aspects through joint planmng
with other mmwlum areas such as English, social studies, mathematics, indus-
trial arts.

e Scicnee program development has resulted from curriculum work accompliéhed
during school vacation time or release time. '

e The majority of science teachers have attended within the past three years at least
one meeting conventios, or conference held by a national, state or citywide
. cience education or},am?anon

e A formal evaluation of the science program has been conducted within the past
SEver years by_ anoutside science consultant such us yroma college,-smte education
department, or county board of education.

¢ Science enrollment statistics are gathered and examined to determine whether
any identifiable groups of students are not well served by the program, e.g,, low
achievers, minority students, females, students for whom English is a second
language.

¢ In evaluating a student’s progress, care is taken to ménimize the effect of such
factors as culeural bias of instruments (and teache . .. ading difficulties, and

___——Thyzical handicaps

o Studiénts are involved in evaluation of curriculym, courses, and acrivities.

e Each science course evaluates the psychomotor skills developed in the laboratory
portion by means of & practicum. ’ '
The science staff has visited other schools to establish standards of ec<r-parison.
Alinost all of the science class time is involved in teacher lectures, : -:zstion-
answers, and textbook readings. .

Almost all laboratory. activities arc conducted as teacher demonstrations.

Our science facilities include classroom and laboramry activity areas which adapt
well for each course that is taughr. © - ‘
® QOur classrooms and laboratcry areas are adequate in number and size for the -
" number of students who take science courses.

.o -

s
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The size of individual laboratory work surt 1 is adequate; i.e., approximately one
square meter per student. '
Each classroom area includes a demonstration table provided with essential
services and located so that demonstrations can be viewed by the entire class.

e Anoutdoornature study area is available on or near the school grounds or campus.

3

Storage areas are adjacent or readily accessible to the clussrooms or laborator s
where the maternials are used. '

Special storage facilities and security measures are provided for items and mate-
rials that are particularly costly, delicate, or that are hazardous, poisonous, or
flammuble.

Evaluation of teacher performance is followed up through discussion of observa-
tions and other data, culminating in recommendations for professional growth
activities to improve performance. "
Released time and substitutes are provided in support of teachers who participate
as officers, as committee members, and in the meetings of science teacher
organizations. - '

In our tota! science department, at least one person has been designated chairman
with un adjusted teaching load to provide at least 20 percent of the school work
week for administrative and supervisory duties. : '

The allocation.of funds for the science department budget recognizes .that a

_threshold amount is needed to supportany science course, as wellas a per student

allucation. : v

When items are cut from the science budget, the teachers detetmine what is to be
cut. :

The scicnce department has a priority list of capital outlay equipment which

- should be obtained during the next few years.

1
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Science teaching may have become astronomy without the
stars . . . botany without the flowers . . . geology without
the mountains and valleys.

Frank Press, President .
Mational Academy of Sciences

Content should be relevant'to the students’ lives and should
be material that can be oiganized into meaningful and
participatory learning experiences appropriate to the
developmental level of these students. '

Paul DeHart Hurd, et al. "’
The Status of Middle School and
Junior High School Science

... learning has to be an active process, because knowledge
is a constriczion from within, :

Constance Kamit
Piaget in the Classroom
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The Rockshop
David J. Quartropani

Students ar King Philip Junior Hig,H Schooi have a2 reckshop as an alternative to
the tradizional study hall and science club. The rockshop gives them a chance to rake
part in a creative endeavor wiile learning. Rock tumbling, making of cabochons,
facuting, and making finished jewelry are part of the daily activity.

This program evolved partly bezause many students do not make fuli use of their
time in treditional study halls; also, science is often seen by this age group as a subject
fit only for the laboratory, having lietle relation to other areas. The rockshop has
helped climinate this attitude. There were parts of two rock remblers and a lapidary
muckine in our science department, ~ollecting dust and s«rving no purpose. A

tooperative principal, a teacher with high interest and motivadon, asd higl: student

interest led to the concepr of the rockshop.

First, helped by interested students, we assemblea the rock rumblefb set up a
water supply, and started tumnbling the first stones. After the first ba:~h of stones
was polished we saw student reactions to the beauty of the stones un# began 0
realize the potential for stimulating interest in geology. Srudents could see the
similarity between rock tumbling (an artificial process using grits) and weathering
(w natural process). They could learn that some stones, because of hardness, take
longer to tumble than other, softer stones. While students were selecting stones to.
work with, they could learn about mineral content. Furthermore, they learned they
could create art forms from commoe= rocks. Soon the rockshop became popular and
we required more equipment and supplies.

Soon we bought a diamond saw. With the help of a lecal technical school, we set
up the lapidary machine thar could be used for grinding, sanding, and polishing, The
process could now be expanded from mere rock mmbling to cutting and shaping
slab stone. When we set the shaped stones into jewelry settings, enthusiasm and
interest blossomed among the students. We applied to the administration for 2
mini-grant to spend on a program with the following ob;cctives:

1. To have siudents appreciate the art and stience of jewelry making )
. Tofoster a relationship between the art, industrial arts, and science d. rartments.
. To provide students with an alternative to study hall. "
. To let students become acquainted with the basiz concep:s - geology.
. To foster an appreciation fcr jewelry miaking as both r.n 3:t f\ sm and a way of
creative se!f-expression,
6. To allow and encourage students to pursue and complets -h . iwn projects.
7. To have students work in a one-to-one rﬁlanonship with o reachier er'with otner
students.
The mini-grant money allowed us to buy laghts a iaccnng machme, two more
lapid_:r;> mact.unes, and a grinding arbor. Our equipment was supplied without .
n‘.u-.bxa we visited washing machine repair shops to obmm free or mexpensxve

AT SR (8]
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motors. Stedents, teachers, and ot,hxwlpcd to get the new machines operable and
safe for use. Soon, we had 1 well-equipped #nd functional rockshop. '

When the shop came into full operation, students learned about the geelogy of
rocks, how to create beautiful jewelry, how to run and care for machinery, and how ¢
instruct new cockshop participants in the various szages of the jewelry making
process. Our tbjeztives were being met. The school also has special classes for
students with learning diszbilities. Some of these students have become involved in
the rockshop program. All stidents have experienced success and ~1ioyment.

Success of pru_rams often generates new problems. The rockshog & becoming
expensive, Science departmeint funds can buy grits, sanding discs. and grinding
wheels, considered rimintenance items; bur jewelry settings and good slab stone,
which become student property, are expensive. We are curreatly considering a new
phase.in our program wh.th may solve our financial problems as w-'t < pre “ide
students some carcer and life education. In this phase, studenrs wh + ar . cipate in
the rockshop program will elect off'vers and a board of directors. T +. -“nup may
issue stock inour re - kshop company. Local merchants, parents,and s < xs netin
the program have e.cpressed interest in buying our jewelry. A certain percentage of
our production. may be sold to generate funds so we can declare dividends and
-reinvest ‘unds into nceded supplies. If business is good our stock value might even
goup!t . . Co . -

‘Besides relieving our economic concerns, this new aspect ¢f vur [rograrn wili
expose students to the world of finunce, the laws of economics, and the functioning
of a company. - : ‘ '
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Archeology In the Classroom
Lois M. J. Danes

Last year was the first year of the Danes Schoo! Archenlogy Project (DSAP). The
project offered grades six through nine a hands-on situation involving scientific.
investigating, reasoning, and problemr solving. The intent was to devote time daily
for one month to acquiring the basic skifls of archeologists on a dig.

New Bern, the original capital of Nortii Carolina, and its surreunding area hold
much history that remains uninvestigated. A local landowner permitted us to digon
her property in search of historical remains. '

Forty students would work on the site 6ae and a half hours a day for a month. The
size of the site was definied by the staff; within the larger site, hou-2ver, students

_marked off several 3 * 4 meter (m) sites. Students worked in .eams of two

throughout the dig.

The first day of the program was spent in the classroom, familiarizing students
with the project and equipment, identifving each team’s responsibilities, and mak:
ing sure the students knew the steps required in an investigation of this type.
Students were cautioned not to scavenge. Isolated artifacts are not helpful when
seeking historical information abour an area. '

Our first trip to the site revealed problems. Tree roots, rocks, and wash gullies
prevented digging in parts of the designated area. Despite this, each team chose a
site, and, working around obstacles when neces: ary, plotted out a rectangle. No site
was less than 3-m long or 2-m wide.

Once the are was plotted, each team drove stakes into the ground to mark the

" corners of the site, and strung heavy twiné at ground level to define the area and

puide digging. .

Next, four screening tables were built. The tables measured 1 mx 1 mx* 75 cmand
were built out of pine. Fine mesh acreening 1 m * 1 m covered the bottom. The
tabies werz used to sift dict in search of artifacts. '

/, The dig proceeded. Each team had its ows: artifact bag, metric ruler, pencil,

knetling pads, and gleves. _

Dipging to 15-ctacepths, the students soon learned to scrape with the edge of the
trowel to create a smooth tabie with perpendicular sides. The depth ar which
artifacts were: found helped us determine their age and the conditions surrounding
their deposit. One member of each team troweled, while the other scooped out
lousened soil (grubbings) for screcning at the table. ;

UNCGVYERING ARTIFACTS
Eventually, the students found a few bones and. other artifacts. In classroom

‘sessions, ~tudents examined items found on the site, cleaning the finds and identify-

ing them as bone or non-bone. If the item was a bone, what made it distinguishable -
as such and from whar type of animal did it come? If not a bone, what was it? (See

chur;.) o
- 30.

-



O

ERIC

Aruitoxt provided by Eic:

Bone Chart
Bones in different parts of a body have different shapes and sizes. To get some
ideu of where a bone is from, look at its shape Here are a few general rules:

Bones of feet and hands tend to look like shortened copies of long bones.
Small, dense benes with many sides may be from the wrist or ankle.

Bones of arms (or wings) and iegs tend to be long and slender with knobs or
depressions on the ends. They are called long bones.

==
v,
By e -,

Flat bones usually come from the head (cranium), hip (pelvis, innominate) or
shoulder blade (scapula). In large animals. rib pieces may be broad and flat.
Bones from a skull (cranium) may have jagged edges cailed sutures where two
bones come rogether. They may have branching grooves on the inside for
blood vessels. ] '

Vertebrae are complex, many sided bones with flar, knokby and/or spiny
portions. Ver:ebrae from different types of animals differ in appearance.

Art by Robra Jobusen-Ross

$1
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Wedet. =% hvpotheses regarding the artifacts. Some of the hypotheses were
verified by ._:Xing with the property- owner; many had to be left unanswered
pending further research.

Inone of the dig's most exciting moments, the students uncovered charred bits of
wood buried ir: the second and third layers. We hy pothesized (and verified) that the
area had once suffered a minor fire.

In two cf ~he plots vutstanding soil changes had occurred. Soil texture and color
differed from cther areas. Students theorized that znimal burrows had caved in, or
holes had developed d¢ to rain run-off and had filled with sediment. Neither theory
coould be verified.

In addition to bones and bits of wood, the students unearthed pot shards of the
Early Woodland Indian period and pieces of 18tk, 19th, and 20th Century china and
pottery.

At the cluse of the sessions, students wrote articles about their experience for the
school paper, and asked that the dig be repeated next year.

Hearing about our school project, the local historical society asked some of our
students to participate in a special dig at a local homesite. Six students who had
demonstrated skill and understanding of archeological techniques volunteered and
spent mornings for one week assisting a state archeologist with the project.

The value of the opportunity for students to experience a dig, work with a
professional archeologist, and apply new skilis for the benefit of the community
canuot be over-emphasized.

: BIBLIOGRAPHY
1. Zovarcheoligseal Field Guide. Foundation of iHinois Archeology, Kempsville, 1. 1976.
2 Gallant, Ray, "Who Were the First Americans?” Saence 81, 2:94; April 1981
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Classroom Planetarium
Paul Ankney

Teaching star constellations and planetary motion is not easy, particularly because
stars are not visible diring normal school hours. While star patterns may be drawn
on the chalkboard, projected on a screen or on the ceiling, or pictured in photo-
graphs, most children have difficulty applying what they sce in the classroon: to the
night sky.

Why do students find it difficult to transfer classroom instruction in astronomy to
the night sky? Children are generally unable o deal with:

o Higher abstractions such as dots on a chalkboard, which represent stars in a
symbolic wzy only;

o Large differences inscale (the contrast between the sizes of star patterns on a star
map and their sizes in the night sky is immense);

o Orientation (many children have difficuley with compass directions in the day-
time:, let alone at nigho). :

These difficultics are compounded by the Earth's rotation, which makes stars appear

to rise and set, by gradually changing orientarions of the constellations from hour tw

hour, by the Earth’s annual revolution around the sun, and by our planet’s 2372°

axialtilt. The latter two factors produce a slowly changing set of stars from nenth to

month. In addition, the planets move across the sky at diffevent rates, and even

seem, at times, to move backward; both phenomena are generally incomprehensible

prior to high school or college physics. : '

Thus, children and even some adults might seem incapsble of learning much
about planctary motion and the n.2ht sky. Certain sky constellations, however, can
be learned easily, and students can use these as reference points for further learning.

THREE-DIMENSIONAL MHMODEL

With assistance from the teacher, studerts can build a low-cost, three-
dimensional model of the night sky which can he!p them undérstand constellations.
The model is a lightweight dome thu: hari;;s from the ceiling. Papier-mache and
chicken wire mesh make a fine dome but substitute marerials are possible. The dome
need not be exactly hemispherical, since our view of the night sky seldom extends all
the way down to the horizon in all directions. Any arching shape will suggest the
three dimensionality of the sky, but the larger the dome's diameter, the berter.

Figure 1 illustrates a suitable shape for a classroom night-sky mode, or planetar-
jum. After the model is constructed and hung overhead, place compass direction
markers around the rim, with north on the same side of the model as actual north in
the environment. The nost prominent star group in the Northern Hemisphere,
the Big Dipper,* is then marked on the interior surface f the dome with reasonable

*The Big Dipper is poc itself a constellation, but fn;n')s purt of the constellation Ursa Major. The Little
Dipper-forms almost the entirety of Ursa Minor.
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accuracy of Size and :.h.:pc? Orient the Dipper as it would appear 2t 800 ¢ mo during
the cerrenmt month A clanisphere (such as Philips’s and a star map iavailible in
govd bookstores, mas:, astronoms books, and Scierce und Children’s monthly Sky
Calendar, assest g catly in this. Next, glue white beads or other small round objects
onto the dome to represent stars. Larper stars can be represented by larger beads,
and s, on, so that the beads correspond to each star’s apparent magnitude.

OBSERVING THE SKY

After each child has had =n unhurried opportunity to stand or sit zinder the moded
and review what is overhead, the class should look for the Big Dipper in the night
skyv. An 8:00 p.m. viewing time will match the 8:00 p.m. positions of the stars or. the
classroom model, making it easy for students to relate the nighs sky to the model.

Once children know the Big Dipper and it= sister star group, the Litte Dipper,
they cun add nearby star groups to the model. For realism, the students might use
beads of difierent colors for stars of different colors—pale blue for Rige! and Sirius,
red for Betelgeuse, yellow for Capella, etc. Suggest another 8:00 p.m. stargaze, so
students ¢ again compare what they sce in the heavens 1o the model. As the weeks
£o, 0y, add constetlations to the model one at a time, moving outward in arcs from
the Big and Little Dippers. Students can continue checking the model against the
night sky until they feel satsfied with their knowledge of the sky. The visible planets
should 2lso be placed on the model * 2 their present positions. The students need not
learn every constellation, since the niajor objectives of such instruction are to help
chuldren learn to appreciate the pleasures of knowledgeably observing the stars, of
being able to orient themselves atnight, and of comprehending to soime extent the
motions of planetary bodies.

REFERENCES
1. Zam, Hetbert S, and Robert H. Baker. Stuns. Golden Press, New York, NY 1975,
2. Mayall R Newton, Margarer Mayall and Jerome Wyckoff. The S&y Obserter’. Cuide Golden Press,
- New Yors, NY. 1971 '
3 Victor, Robert C. "Spectacular Triple Conjunction.” Sesosce und Children, 18:3, November /December
1080
v Gallant, Rov A The Comsecllations: How They Came To Be.Four Winds Press, New York, NY. 1979.
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Figure 1
How To Construct the Dome

1. Form a circle that will be the rim arcund the bottom cf the dome.
{Suggested diameter is 0.9 to 1.8 meters.) Bend one or more rods inzo
curved pieces to form the rim. Fasten the ends of the rods together by
binding the overlapped ends with a strong yet flexible wire. Use pliers to
tighten the wire securely. Bend any sharp erds over.

2. Form arches by bending metal rod into curved pieces. Attach each arch by

binding the ends of the arch to the rim with wire. (Tiree arches should

“provide a good framework for the chicken wire mesh.)

. Wrap wire around the arches where they cross at the top of the dome.

Tighien the wire securely.

4. Usinga coathanger or other stiff wire, form andateach a hook (or loop) at

" the top of the dome.

5. Hang the dome framework at a convenient working height. Cover it with
chicken wire mesh. Bind the mesh to the arches and rim with wire.

6. Papier-mache the outside of the dome. When it is dry, take down the

dome, turn it over, and papier-mache the inside.

Paint the inside of the dome black with Tempera or other paint. Several

coats may be necessary.

8. Rehang zhe dome at workmg height az.d paint the outside (your cheice of
colors ;.

9. Hang the dome high enough to stand unuer for viewing but low enough
so that the children can atrach beads (representing stars) while scanding
on a stool.

10. Using a compass, glue direction markers on east, south, west, and north
locations around the rim.

11. Consultastar map to determine the proper orientation of the Big Dipper
for the current month. Hold the star map over your head with north
corresponding to the north marker on the rim of the dome. Mark the
stars of the Big Dipper on the inside of the dome. Glue beads onto the
dome ar these locations. (Locate the Big Dipper very carefully. It is the
reference poiut for all other star groups to be added later.)

Y
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Science Activities—For Thmkmg
Michael J. Padilla

The word "activity over the years has become synonymous with those things
“that are good in science education. New science teachers leave teacher training
programs rezdy to change the svetem, 16 call on the mystical powers involved in
.mi\ir} oriented science. Publiars promote their textbooks .nd programs as
“activity centered,” often “with little re;,ard 0 actuai content. Profession.. journals
support activities through first person success stories and how-to-do-i: articles.
What is the rationale behind rhis “hands-on” approach? Why are activizies consi-
dered more appropriace than other methods for achieving science objectives? Just
what is an activity? Is it possible that certain kinds of acdvities might contribute
more t learning science in the middle school than others? These questions are the
major focus of this drticle. Afer discussing several salient arguments for inclusion of
activities in the curriculum, different kinds of activities wiil be defined and one
special type—process skill activities—will be analyzed anid illustrated.

WHY SHOULD ACTIVITIES BE ADVOCATED FOR “
MIDDLE SCHOOL AGED STUDENTS?
Doing and Understanding
One of the most common ustifications for promoting activities in science,
classrooms is embodied in the axic.

I hear ... and I forget
I'see. .. and I remember
Ido...andI understand
Ancient Chinese Proverb quoted from
The ESS Reader
(Elementary Science Study, 1970).
The iffipiication of this saying is thasghe learner will better underscand and retain
knuh ‘ledge when first-hand, manipilative experience is possible. This seems quite
l’(:.l})n ~bie especially when an activity is performed in the proper context of a uait.
/’P\ar is, uctivities appropriately connt.cn.d to previous and future work can enhance |
2\ knowledge acquisition.
- Development :
Science educators have long used developmentzl arguments for utilizing science
acuvities. With the increased popularity of Piagetian theory, the view thar.children
learn through activity which allows them to discover, internalize, and build their
own understandings and meanings has emerged. Piaget states "It is absolutely
necessary that learriers have at their disposal concrete mazerial experiences (and not
merely pictuz tes), and that they form their own hypotheses and verify them (or not
verify them) themselves through their own active manipulations” (in Schwebel and
Raph, 1973, pp. IX-X). -
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Recent findings relative to the onset and development of formal operational
abilities tend to reinforce e need for an activity orienied curriculum. Evidence
(Lovell, 1961; Chiapetta, 1976) indicates that mosi early adolescents have not begun
to develop formal abilities at age 11-12 as Piaget origirally hypothesized, Renner, et
al., (1978) found only 17 of 7th graders and 255 of 8th graders operating ar a
formal level. Piaget {1972) Teassessed his earlier work and hype..sized that his
orignial subjects may have been a privileged group that displayed accelerated
abilities. Whatever the reasen the fact thar few middie school children exhibit
formal abilities indicaies a very strong need for using an activity approach in the
middle school. P

Nature of the Transescent

The very nature of the transescent supports a sStrong argument for activiticsia-the.
) VITIe ——

middle school. Physical growth during these _qars.i's.l;ighl)*’irrg‘gﬁ!éf.mﬁus_cular and
body framework-development often take place disproportionately, resulting in
awkwardness and self consciousness. Increased physical activive 15 often a product of

the typical high energy level of children this age. Thus the physical aspects of

moving and manipulation during an activiy fit their developmental needs. Similar
changes are oceurring-emotionally, with individuals simultaneously manifesting
both adult and child-like behaviors. Self assertion and independence are regulasly
mixed with insecurity anid instability (Georgiady and Romano, 1977). Activizies can
provide an important outler for these energies and feelings. Inaddition the inherent
group interaction can allow individuals o explore different roles among their peers,
especially those involving leadership and cooperation.

Affective Goals .

Certain affective goals might also be better accomplished by an activity centered
classroom. If activities focus upon problems pertinent to the students’ interest and
needs, then the boredom often seen in a teacher centered lecture-discussion class-
room can be much less a problem. Too, activity science offers everyone a chance at
being successful, even if only in a manipulative way. This success can *!
future positive feelings and attitudes toward science and schooi in gencral. As
Simpson (1979) states, "Success breeds success.” .

i form

¥
’

WHAT KIND OF ACTIVITIES CAN BE DEFINED?

While the general arguments stated above imply that all activities are equally
worthwhile, a logical analysis refutes this idea. On one extreme is the recipe lab
approach in which students perform a specified séquence of steps, uncritically, to
obrain a desired result. Often recipe labs are done to " prove” the truth involved ina
statement made by a teacher or textbook. This type of activity does little to stimulate

thinking and probably only serves to break up the boredom of listening to the,

teacher or reading the textbook. At the opposite'extreme are activities which begin
with a question or problem and ask tke students to participate in the solution. The
steps to this end are not necessarily set and the answer to the problem is not known
in advance. Thinking is a major part of the participation. The active attempt to

resolve the question is often more important than getting a correct answer.

w297
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Acuvities which szress the solution over the merhods of ataining the solution are
generaily conrent oriens=d; activities which stress the ™ process * of getting answers
generally are process skill development orienced.

The prime focus of the remainder of this arricle will be process skill activities. A
list ¢f these skills ususlly includes observing, quantifying, idenitifying and controlling
variables, designing experiments, hypothesizing, defining operationally, organizing
and collecting data, graphing and generalizing,

. THE IMPORTANCE OF PROCESS SKILLS

Inaddition to the reasons already given for the importance of activizies in general,
there are several strong arguments for inclusion of process skill activities. One is the
generalizability of these skills to life. Many life problems can be analyzed and
solurions proposed by applying process skills. Which brand of soap or corn flakes
provi-les the best value? Are frozen, canned or fresh green beans more ecoromical?
Should a hydroelectric, coal burning or nuclear plant be built in the local communiry?
Which candidate better reflects an individual's viewpoint? All these questions can be
sxmphfled bycollecting and organizing data and drawing conclusions from it. The -
skills of identifying and contré]lm;, appropriarte variables, designing experiments
and defining operationally are all i xmpowt/parts in this process.

Another importanr reason-for-ificluding process skiil activities is that these
activities more _accurately reflecr the nature of science and the typical activity of
scientists. Science is a dynamic enterprise; it is a search for answers. Science is 7ot
just a collection of facts and conclusions. Atany one time the information conrained
‘n a "textbook represents Gnly our present conclusions about a body of scientific
knowledge™ (Hurd, 1970). Most students do not understand the true nature of
science as an ongoing and tenzative search, unless it is approached as a search and
not the solution. Process skill activities provide the perspective necessary for middle
school students to begin to view science in this light. Each student will be actingas a
scientist. He will be- actively observing, hypothesizing, collecting dawa and
experimenting, '

Another argument for process skill activities involves the development of formal.
operational abilities. Piaget operationally defined (through his asks) several
abstract thinking abilities that together comprise formal operations (Inhelder and
Piaget, 1958). Prominent among these abilities is the identification and control of
variables. "The formal'operational thinker inspects his problem data, hypothesizes
that such and such a theory or explanation might be the correct one, deduces from it
that so and so empirical phenomena ought logically to occur or fior oceur in reality,
and then tests his theory by seeing if these predicted phenomena do in fact occur”
(Flavell, 1977). Insimpler language a formal thinker can set up and make a fair test,
precisely the sante activity involved in performing a process skill experimenting
activity. Although the research is a bit unclear, there appears to be great potential for’
developing formal reasoning abilities in middie school students through the use of
process skill quvmes over a long period of time. .

L 8 98
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WHICH PROCESS SKILLS IN MIDDLE SCHOOL?

The major skill to be developed in middle school is conducting a fair experiment
or fair test. Many, if not most, of the other process skills can be thought of as
components of this superordinate ability. Observing and quantifying are often used
for dara collection. Hypothesizing, identifying and controlling variables, designing
experiments and defining operationally are all parts of setting up a fair experiment.
Graphing and generalizing are skills used in interpreting results. i

IMPLEMENTING PROCESS SKILL ACTIVITIES
The first step necessary for implementing process skill activities is choosing an

. appropriate unit topic. Some topics can more naturally involve students in collecting,

and analyzing data. Others, while they mighr 5 of great scientific interest or »f
interest to a particular science teacher, do not provide appropriate opportunities for
manipulating materials and variables. Units involving measurement of certain
aspects of the five senses or those stzessing pollution assessment in the local school
area or measurement of local weather conditions with home-made devices can work
exceedingly well. Others such as theoretical electricity, atoms and molecules, and
black holes are extremely difficult. :

Topics which stress abstract properties or laws are more difficult for middle
school students for at least two reasons. Fivst it is often difficult to identify concrete
experiences or activities that can lead to sencess skill development. Either the
activities themselves or the conclusions that are to be drawn involve abstractions
that are difficult for students to grasp. Secondly, research has so far shown that only
formal operational students (thus not many middle school students) appear to truly

vnderstand abstract concepts taught via traditional lecture-discussion techniques

tl.awson and Renner, 1975). Even more disappointing is the tentative findirig that
the use of illustrations, diagrams and physical models helps only the {srmal students
(Cantu and Herron, 1978). While these studies used secondary students as subjects,

“the implications for middle school students appear to be clear. If one desires to

develop process, skill abilities, the avoidance of abstract topics as a vehicle is
important. There are enough interesting and significant concrete topics available to -
mlddlc school teachers so that this should not prove exceedingly difficule.

After unit topics are selec c.d, the students must be given opportunities to practice

‘the process skills. If process skill activities are new to students, then skills such as

observing, graphing, collecting data, using tables, forming appropriate hypotheses
and operationally defining variables should probably be practiced individually before
being combined in‘a true experiment. Initial training should also stress appropriate
strategies for mastery of these process skills. For example, brainstorming tech-
niques can work well for identifying variables and defining operationally. A check of
the bramnstormed variable lists would also indicate whether ail variables have been
controlled except the manipulated and responding variables. Soon students should
be combining these separate sknlls and performmg the superordmate skill of

39

conducting a fair test.
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Inicially fair test activities should involve relatively simple or familiar problems.
Situarions involving a smail number of variables and which deal with commonplace
problems within the srudents’ environment are important starting points. After a
reasonable facility with singular skills and simpler problems js atrained, then the :
teacher can proceed slowly w more complex situations.

- CONDUCTING A FAIR EXPERIMENT—SOME EXAMPLES
+ .The Sense of Touch ‘
The first step in setting up a fair experiment is asking an appropriate Guestion.
Many such questions can be posed relative to the sense of touch.

® How accurate is touch in telling temperature?

® How far apart are touch receptors?

® Are some parts of the body more receptive to touch than others?
® Are some individuals more receptive to touch than others?

® [s the hair on the neck as sensitive to touch as leg or arm hair?

One of these questions must then be chosen and an appropriate hypothesis formed,
for example, neck hair is more sensitive to touch than either leg or arm hair,

Variables must then be identified, perhaps by braxmmrmxng alistof those which

might affect the hypothesis. The manipulated or ind- - zndent variable (e.g., type of
hair) and the responding or dependent variable (e.g., :scnsmvxry to touch) must be
chosen. Both of these variables must then be operationally defined so that they can
* be measured. This can be accomplished using brainstorming techniques again. To
continue the example, one appropriate operational definition for sensitivity to
touch might be the ability to perceive touch. Type of hair might be operationally
defined as hair on different parts of the body, e.g., the arm, neck, head or leg. All
other appropriate variables shouid be controlled, if possible. In our example the
instrument used to touch the hair, the pressure applied to each hair and the number
of hairs touched could-and shonld be standardized. A sharpened pencil, the lightest
possible rouch and one hair could be the operarional definitions of the.controlled
“variables. A S

Once variables have been identified aad operationally defined an experimental
design must be chosen. How many trials should be performed? In what order should
the tests occur? What specific data should be recorded? Questions like these must be |
answered before data can be collected and organized. Five trials and a staggered
-order of testing the body parts might be appropriate for our example. These choices
allow for experimental error and a fair comparison ofdxfferent body parts. Once the
design is chosen, the data collection can begin.

Dara organization can be expedited with middle school students by dlscuasmg a
suitable table before data collection begins. At first the ;c/acher might recommend an
approprmte table, however, students should soon bc suggesting their own. Class
data‘might be further organized by using a class chart upon which all results are

. . placed. This allows for a smooth transition from data organizing to the important
step of generalizing. One significant aspect of this step is that generalizations can
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take ‘many forms. Certainly some investigations provide relarively clean results
which allow for a statement of the relationship between the manipulated and
responding variables, for example, neck hair is more sensitive to touch than either
arm or leg hair. Other types of generalizarions 5xmplv pose further questions to be
answered through future experiments, for example, would neck hair still prove

r/nure sensitive if more than one hair were touched each time? This second type of

/bener.zlnz.mun is very important if middle school students are to begin to understand
/ the true nature of science. Teachers must not only allow further questions, bur
/

¢ncourage them. :

i

Dandelions

A simple flower or weed such as the dandelion can provide another example for /

generating a fair experiment. Several appropriate questions are possible.
® What proportion of dandelion seeds will germinate in 2 wet paper rowel? /
® How docs temperature sffect.the germination rate of the seeds? /
® Will pre-soaking or refrigeration of dandeiion seeds affect their germmanun
rate?
Once a question 1s chosen, a hypothesis is formulated, e.g., a temperature above
25°C will adversely affect é,ermmauon rate. Appropriate variables must then be
-identified: )

e Manipulated variable (e.g., temperature)

* Responding variable (e.g., germination rate)

e Controlled variable (e.g., amount of water, age of seeds, etc.)

Each varisble must then be operationally defined.”

The experiment must then be designed. How many and which temperarures will
be tested? How long should the seeds be subjected to a particular temperature?
What lengrh of time will be allowed for germination? After these questions are .
answercd and the design is set, the data can be collected and organized using charts
or graphs. Generalizations from the ()r;,.mlzed daca in thc form of conclusions or
questions can then be made.

Other Questions
Once the above method is somewhat internalized, performing a fair test becomes
a matter of generating appropriate questions through which the process skills can
be further practiced. Examples of appropriate questions for consumer aff~irs and
the senses are listed below. It is important to note that many researchable questions
can be generated from other appropriate, concrete topics.

- Consumer Affzurs
L)ocs one fast food chain provide more meat in a hamburger than others?
o Is one brand of paper towel stronger than the others? or more absorbant?
® Will one brand of dishwasher liquid wash more dishes per unir cost?
® Is it more economical to buy boreless meat or a piece with the bone in?
® Docs one brand of antacid neutralize more acid than the others?

. | o 101
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The Senses

& Whart factors affect the blinking rate of various.individuals?

How Joes the sense of sight or smell affect taste? . . .

What effect does the sense of sight have on hearing?

Is the minimum threshold for hearing different for certain individuals?

How does the size of the outer ear affect the hearing threshold for individuals?™

SOME FINAL CONSIDERATIONS

Muny teachers have erroneously inferred that a ceaseless array of activities is best
for middle school students. However, teachers wishing to implement a productive,
activity centered classroom need to spend an adequate amount of time explaining,
diswséim; and integrating activity resuls. Activities, by themselves, confer no
nuagical unde crstanding to ali children. Teachers must help students by spending the
necessary class time gettng studenits ©» make sense of their experiences and by
helping them connect activities to past und future sciencé knowledge.
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Graphing
Michazel J. Padilia
Danny L. McKerzie

Methods of condensing and interpreting data are becoming increasingly neces-
sary for intelligent survival. Yet, produciag graphs and interpreting data from.them
does not come easily to most stitdenis. There is an abstract quality in stating the
relationship between two variables from a line drawn on a paper. Indeed, a r~cent
study found a .77 correlation between formal reasoning ability and graphing skills.
(2)* Certainly more research is necessary before teaching mechods z2nd ideas, shaped
to individual developmental needs, can be produced. Meanwhile, the claisroom
teacher, dealing with early adolescents involved in process skill activities which
in-lude dara collection, needs effective methodologies that can be used today.

PREREQUISITE KNOWLEDGE

Many kinds of two-dimznsional graphs are appropriate for early adolescents
from bar graphs and histegrams o line graphs. But whar does a student need o
know before he or she can graph? One prerequisize is learning the difference
berween responding and manipulated variables. Graphs describe the: relatic nship”
between a variable that was manipulated (e.g., the amount of water given toa plant)
and another that responds (e.g., plant growth® to the manipulated variable. Students
should identify both types of variables fr.,m a description of an experiment. (3)

A second prerequisite skill is the ability to construct and read a data :able. The
manipulated variable is always placed on the left hand side of the table. Values of this
variable are organized in either ascending or descending order. Values of the
responding variable are recorded in the right hand column and must correspond to
the appropriate value of the manipulated variable. Students can pracrice construct-
ing dara tables and graphs by collecting their own daza.

BAR GRAPHS AND HISTOGRAMS .

Because of their simplicity, bar graphs and histograms are the logical cheices for
introducing graphing. Bar graphs usually dispizy the. occurrence of two or more
objects or events (e.z., apple and orange production 1n 1980). Histograms generally
display the occurrencé of one objecr or event through a continaum, such as time

1. apple production © ver a period of tcn vears). In bar r7 -phs, the bars are

pwrated from each other by spaces, Elimin. the spaces between bars in a
histogram facilitates identificatior »f trends.

Constructing axes is a basic step :n both bar graphs and hxstoyams Remember
thar the categories under examination are located on the horizontal axis 2nd the
frequency of occurrence is located on the vertical axis. Remind students to label

8

*See References.
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properly tachaxisand to make the whlihs of the bars constaag su they do notanppear
«tr be of different wvalues.

Finally, scudents shouid include a descriprive title o complete their graphs. Titles
should zlfow other students to interpret graphs withovr addirional information.

LINE GRAPHS ’ -

Axis conseruction for dine graphs is similar to that of histograms The manipu-
Lired variable appears on the horizontal axis; the responding variable on the verrical
axis. Label each with the variable being measured and the units used to measure the
variable.

Nexr assiga a numerical scale zo each axis. The scale must include the entire range
of valuss for chie particular variable. Students may subtract the smallest value of the
variable frorn the largest value. Nexe, divide the difference by five and round off che
answer ) the nearest whole number. This number becomes the incerval for the
seale, ’ 4 .

Plotting goints is important for correvt graph conszruction. Sorme students,
however, have difficulty keeping imaginary lines straight. Using two rulers or

- dashied lines to locare the proper point may be helpful.

Next, construct a best fic line which approximates the trend of the data peints. It
is nor a dot-to-dot connection, Rather, it is a line among the dzsa points which
represents the general refationship between the variables. Equal numbers of points
should fall.on each side of the best fic line. This step might preve difficulr at first, bur
15 helpful in data interpretacion.
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INTERPRETING LIN.* GRAPHS

Interpreting line graphs is perhaps the most imporrant—and the most
difficult—step of all Begin with simple straight line relationships. Try having
students use he same semtence formar for verbally interprering graphs. An
example is, “As the {manipulated variable) increases, the (responding variable)
increases, decreases.” For example, in an experiment which tests the time (respond-
ing variable) it tikes to heat differenz amounts of water tmanipulated variable) toa
spedific temperature, & stedent might conclude, "As the amount of wacer 10 be
hezted increases, the amount of time needed o heat the warer increases”™ More
complicated relationships where the values of the responding variable decrease as
the manipulated variable increases should not be introduced until simpler relation-
ships are mastered. ’

Curvilinear graphs are more difficult to interpret. For example, inan experiment
thar measures the effect of different amounts of water (manipulated variable) on
plant growth (responding variable), an upside down U-shaped graph is constructed.
Students must use a compound sentence to interpret tize graph. For example, "As
the amount of water increases from 0 to 30 mL per day, the plant growth increased,
and after 30 ml. per day, the plant growth decreased.” Again, by using a similar
sentence structure cach time, the student will begin to learn the meaning behind the
words.

Graphing skills are important to success in many school subjects. Science offers a
unique opportunity to practice these skills in a meaningful context. However,
teachers must be aware that certain stucents will have difficulty especially with
interpreting relationships between variables. To best help students, goslowly from
sirnple to complex and provide many L}pp(;rtunirics for practice.

REFERENCES :
CoFers ev, B el H Jans, and C Sprague. Learneng Satcice Process Skl Kendall-Hunt
Lmpany, Dubuque, TAL 1979, ' .
Paiiic. M ] Okey.and E. G, Dillashaw. “The Relationship Berween Scienee Pre wess Skill and Farmud
Thinking Abihities.” Paper presented at the Nutional Association for Rescard i Suere Teaching
Annual Mecting, New York City April 1981 :
3 Padidba, M "Usiag Consumer Science to Develop Experimental Tehosques”™ Science an -« hisdren
18,2223, Laiwary 1981
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Using Consumer Science
to Develop Experimental Techniques
Michael }. Padilla

One way to develop a scientifically literate sociery is to cultivate in the young the
shilities involved in scientific thinking processes; i.e, the abilities to identify, control
and define variables, ro vonstruct hypotheses, to collect, graph, and interpret data,
and to make generalizations. Middle-school youngsters do not master integrated
process skills easily, however. Many find this type of thinking “unnatural,” perhaps
because they usually think in concrete terms. Often they do not see the connection
between experimenting and the real world. Thus, it is a major function of the middle
school science teacher 1o give srudents multiple experiences with process skills using
sirnple, highly relevant problems. Consumer science is useful for introducing many
of the integrated process skills and is a simple and relevant topic area.

A FAIR EXPERIMENT

First consider the methods of conducting a fair experiment or test. Srudents :nust
choose a question to be investigated. One consumer science example is "How does
the amount of detergent used affect srains in dothing?” Have srudents identify
vatiables relevant to the question and designate the manipulated variable, the
responding variable, and the controlled variable. In the example; the amount of
detergent is the manipulated variable. Students might choose three or more
amounts to test. The degree to which a certain kind of stain is removed by the
detergent is the responding variable. Variables to be controlled are the amount of
water to be mixed with the detergent, the amount of "washing action” to be applied,
the type of stain to be removed, and others. Each of the variables must be
operationally d=fined so stidents can measure them. In the example, defining 30,60,
and 90 milliliters (mL).of detergent is an appropriate operational definition.

Students should next organize the experiment. How many trials are necessary?
Which specific amounts of detergent should be tested? How long should the
material be washed? Students must answer these questions and others so that a fair
procedure is followed, , ' "

Once students have organized the experiment, they can collect and display duta on

" bar graphs and simple data tables or make frequency counts, Students just learning

to experiment may find line graphs difficult to interpret; they should use other
methods in the beginning. Data display techniques are important because they
facilitate the next important step in an experiment—generalizing. Learning that
both over generalization and under generalization can lead to errors and that further
questions and experiments are often the only result of an investigation are impor-
tant steps in understanding rhe nature of experimenration, '

Refining individual skills apart fro -1 an experimenit may be necessary at firse, but
the svoner students experience the entire process, as in the above example, the more

o i ‘)(1.1{)6
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relevant and easily understood rhat process will be. Autonomous use of these skills
might take many months (or even longer) for middle school students to acquire.
What is important is that teachers supply nonfrustrating opportunities for students
to practice the skills over the school yzar. Acquisition will come with time.

.

CONSUMER TESTING FAST FOOD CHAINS

The fast food chain can provide opportnities for conducting a fair experiment.
Students can compare hamburgers in many ways. For example, how does the
amount of a hamburger from chain A compare to that of chain B? How does the
weight per unit cost of hamburger compare? Before cooking: After cooking? What
percent of total weight of the hamburger is the meat, the bun, the filler?

Euch of these questions can be investigated using procedures similar to those
already outlined. To test the quesuon of which chain serves the "best " hamburgers,
students might perform separate experiments or collect data on various facets of
hamburger excellence. A tally of points accamulated in each category would indicate
an overall winner.

Students can compare other food items. They czn measure which chain gives the
greatest weight or volume of french fries per unit cost and the relative economy of
smuall, medium and large orders of fries. They can compare greasiness by spreading
the fries over paper towels and weighing the towels befere snd after to obtain the
weight of absorbed grease. Srudents can measure the amount of salt by soaking the
french fries in water for a short time and then evaporating the water and weighing
the remaining; salt. Cherry pies can be compared on a cost basis or by counting the
number of cherries supplied in each pie. They can test shakes for taste. If they warm
them so that the air whipped into the shakes dissipates, the true vokime of the liquid
<an also be compared. ’

Teachers should point out the subtle difference berween th< manipuiated variable
in the detergent example and that in the fast food examples. Technically, the
experimenter is not manipulating the values of the independent variable in the
latter example, but only choosing vilues that already exist (e.g., the weight of the
hamburger). While this rmakes only a small differeace in how the experiment is
conducted. it might cause some logical difficulties for the more precise and brighter
students,

OTHER EXAMPLES

Testing product claims such as “absorbs more water than any other paper towel”
or “cleans as it disinfeas” provides opportunities for many good experiments. As
avid TV watchers, the students can suggest many products to be tested. Here are a
few statements to verify about soap as topics for exploration:

® Facial soap A leaves the skin softer and more youthful than soap B.

® Deodorant soap A surpasses deodur.mt soaps B, C,and D ineliminating odors.

e Dishwashing liquid A cuts ;,rc.nse more effectively than all others available in

107
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® Dishwashing liquid A is gentler on the hands than liquids E and C.

® Shampoo A mends split ends berter than its competitors.

® Shampoo A produces more suds than shampoo B.

® Liguid derergents wash clothes more effectively than granular detergents.

With a bit of creative brainstorming, teachers and srudents can identify other
consumer prublems and develop processes for fair experiments. Good luck and good
experimenting! ‘

Art by Lydia Noln-Daris
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Focusing on the Senses
Michael J. Padilla

Adolescence is a transition berween childhood and adulthood. Rapid growth and

maturation often lead to awkwardness and self-copsciousness among middle and -

fit into thatgmup. Questions like"Am! dxfferent from others my age?” "Why can’t 1
control the pitch of my voice?" and "Will I ever develop bumps and curves the
others have?” are the heart of reality for early adolescents. Working against or
ignoring this behavior can cross teachers’ and students’ purposes. As Nancy Griffin

stated in the first "Early Adolescence” article (Science and Children, September
1980), "Nothing the teacher cando will chang. w any significant degree the special

priorities of this age groap.”

If reachers accept the inevitability of self-centered t/'hawor the only sensible

solution is to try to match the science curriculum to the special needs of middle
school students. One important aspect of this match should emphasize activities.

Ph)Stcal movement, as well as the group interaction skills necessary fora coopera-

tive venture, are important types of learning for early adolescents. A second virtai
component is studying science topics which are meaningful to the ¢arly adolescents,
for instance ecology, pollution, consumer science, and energy. The theme of this
article, the senses,’is meaningful, has the potential 1 help stadents learn about
themselves and their bodies, and will strengthen their process skill abilities. .

A uniton the senses offers students an opporrurity to be involved in many kinds
of activities like conducting experiments, developing models, and collecting and
displaying data. Science content about how the eyes, ears, nose, tongue, and skin
transmit sexisation to the brain is plentiful.

Uniquely, the senses offer a personal opportunity for early adolescents to explore
their own attributes. The concepts of variation and “normality™ naturally flew from
these explorations, leading to a better understandm[, 1 of “what is happening to me”

and "how | fit in with the others.” Don'r overlook the many cpportunities a senses

unit will offer for fun in the classroom.either.

SIGHT
Usm;, y standard eye charts and color blindness tests, students can successfully.test
their own eyesight. Thesé tests are available from the local public health service or

an optometrist. Investigate peripheral vision capacity by measuring the point at

which a student can see the upright thumb of his or her outstretched arm moved
slowly from the side to the frontof the.head. I ikewise, determine depth perception
by havmg students identify which one of a pair of pencils is in front of the other
when held ciosely together ata distance of six meters {m). Measure:the minimum
difference in depth that can be perceived by both one and two eyés. These 7. “:vities

will necd planning to insure fair tests, correct data collection, and recording

s



methods. Be sensitive to individuals with extreme scores, acknowledging the expec-
terion that most individuals will vary from the average.

Content-orieated activities emphasizing the parts.and functions of the eye and
how lenses can be used to correct common eye problems also are easily incorporared,
Compare the parts of the eye which parallel those parts of a simple camera. Observe
how the iris reacts o light and durk and how the upside down image of a birthday
candle is reflected on the retina. To expand the study, have a local sptometrist or
opthomologist demonstrate how lenses correct typical eye problems.

TOUCH _
Touch also offers opportunities for sense activities. Map the locations of receptors
for different sensations like hot, cold, pain, and pressure on the forearm or the back
of the hand. Collect mapping data by drawing a 4 x 4 centimeter (cm) grid on'the
forcarm and testing cach square  with the head or pointofa pin. As data for the
entire class are u)mpxled patterns emerge that imply there are different recepto.s
for cach type of “feel. "Research in reference books can offer background informa-
tion on the types, relative positions, and number of differen: receptors. Furcher -
exploration with touch can compare the relative sensitivity of different parts of the”
body. Are fingertips, the forearm, the lower part of the leg, or the back of the neck
more sensitive to cold, to heat, to pressure,.or to pain? What is the minimum
distance over which students can feel both prongs of a paper clip bent in a "U"
shape? Does this vary from one body part to another? These questions provide
_ ,e\ccllent problems for research.

| : SMELL .

" Measure the amotint of time necessary for a strong smell (like perfume) to travel

| various distances and directions in the classroom. Construct a model for dxspersmg

- scents to determine the nature of aromas and how they travel.

Identifying common substances by smell is a fun activity and good expenence in
observation, description, and classification. It is not tied to the sense of sight. Use
common household items like cinnamon, vinegar, garlic, oranges, peanut butter,
coffee, and perfume. Develop a smell classification system that groups -individual
items. : K , . :

N TASTE = . : _— .

. Ask blindfolded students (care should be taken to avoid transmitting germs of the

, eye by using separate blindfolds or tissue liners) to identify several foods by taste, -

/ both with and without the aid of their sense of smell. Use foods, like apples, pears,
and potatoes because their similar textures will challenge students. As with smell,
~various foods can be identified by taste and classified into broad groups. -

Test parts- of the tongue (back, front, and both sides) to determine which is
sensitive to each of the four basic tastes. Prepare water solutions of vinegar (sour),
~ salt(salty), sugar (sweet), and aspirin (bitter). With a fresh'toothpick, apply minute

-quantities of each to the four parts of the tongue. Rinse the mouth with warer after

each taste. Again, the eéxperiences of collécting data, using properly -constructed -
tables, and gerieralizing results from the data are meaningful process skill activities.
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Art by Lydia Nolan-Darss

. HEARING

Hearing can be tested much like sight excepr that a specific noise must provide
the stimulus. Move a ticking clock or a metronome toward and away from each
student to establish the maximum distance they can hear the sound. Eliminate
extraneous classrom noises for this i investigation to be meaningful. To test depen-
dency of hearing on sight, have blindfolded students point in the direction of a sound
or name the direction of a sound when using only one ear. Measure the effects of
extraneous classroom noises for this investigation to be meaningful. To testdepen-
dency of hearing on sxght have blindfolded students point in the direction of asound
observation, have students’identify mystery sounds from an audio tape you have
made. Most important in studying the senses is placing the-emphasis on the

individuals, and how one individual normally varies from others. A well-constructed

senses unit can accomplish this major goal and other goals in process, content, and

B

affective areas.
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Science Bowl Stirs School Spirit
Karen E. Reynolds

The final whistle blows, and the Havenscourt Junior High auditorium fills with
cheers and applause. A team sporting the name of "The Professors” has won the -
annual Science Bowl! -

For years, ninth- gr;lde science students at Havenscourt have presented the
Science Bowl as a schqol- and community-wide assembly, a'science event wlmh
combines academics with the kind of spirit usually reserved for sports events.

"Tradition” Las long played in our Science’ Bowl's favor. First, after an initial
investment of time and effort to establish procedures and make:basic supporting
props, only minor ad;usrments are required in years followmg And second, the
event has gained in prestige over the years, so that it is now a-highlight to which
students look forward—especially during the year of their active participation. This
coming spring will be our thirteenth annual Science Bowl.

Presentation of the Science Bowl as a public event mvolves a number of direct and

" indirect benefits to studeats, including the following:
¢ In preparing for tlic competition, students review course content; . ¢ -
o Science is seen as worthy of being "on stage,” and studems receive experxe‘xce in

" helping with a theatrical production;

———..__®_Members.of the audience can_feel.a_partof the.action as they attempt.to, answer.
"+ questions for themselves and keep up.with the score;
e Parents, other community members, teachers outside the department and
administrators are invitad to attend or to participate as officials;
e Because the event represén;s a special time for science to "go public,” it provides
- the opportunity for our department to make awards to students or adults who
have been particularly active in or supportive of the science program.
Havenscourt's first Science Bowl, in 1968, was patterned after TV's Col]ege Bowl};
it involved panels of students, competing to answer objective-type quesuons .Score
was kept on a chalkboard, a series of bells and buzzers provided a "quiz show”
" atmosphere, dnd students cheered vigorously for their favorite team. Over the years,
we have added a scoreboard with readable numbered cards, lights to accompany the
bells-and buzzers, a considerable amount of stage art, and practical "roll-on’-
challenges to be included thh the verbal questions. The followmg are our rules and
procedures. :

CONTEST RULES AND PROCEDURES

1. There are two periods of playing time. The first and second halves are each 15

minutes in length, with a four-minute rest periéd between halves.
2! In front of each team member there is a button. When a button is pressed—
" indicating that that person thinks he or she knows an answer—a bell sounds and
a light flashes. These special effects signal which team is to” have the first
opportunity to answer the question. - ‘ 4 .
112 | - _
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groups. Since only two teams may compete at a time, playoffs can be held whénever

. A toss-up question, which cither tc"um may answer;is asked at the beginning of
cach rinind of the game. The student signalling first hus the opportunity to

- answer that question for his team, Any team member having the answer raay
give a response: In fact, the toss-up is the only time in the game when a
contestan. may answer witheut consulting with team members. After the signal,
the answer must be given within five seconds.
If a team gives an incorrect answer to the toss-up question,.ten points are
deducted from its score. The question is-re-read if necessary, and the other team

given an opportunity to answer. No penalty is assessed the second tearn if it

cannot answer or if it gives an incorrect answer, Howsver, for either team, a
correct answer on the toss-up merits 25 points, plus a chance ata bonus question.
After acorrect toss-up answer, a xﬁulti-purt bonus question is asked. The team is
allowed a maximum of 20 seconds to confer on the question. Team imembers may
take notes and transmit them t6 the caprain. Only.the captain may announce
answers for the team on bonus questions, each of which contains two to five
“parts, each worth five points. .

The winning team is determined by the toml number of points for both peiinds
“of play.

'ALL FOR ONE AND . . .

Teams may be comprised of entire sciefice classes or of smaller special-interest

more than two teams are initially eligible for competitior.

(

There are a variety of different- 1obs for students to do. Four to elbht students”
including vne captain) are typically chosen as potenual stage panelists, though only

four may play at any one time. (Substitutions are allowed at halftime.) Students may

a

Iso coach and create practice questions, or they may make signs for the team,
Student assistants who belong to neither team help plan the event, make the

main stage bdnncr, aceas scorckeepers orstage assnstams, UShCl‘, or write anlIﬂ[lan

to guests and officials, and send follow-up thank-you notes.

a

b

Two kinds of questions are used throughout the competition'

Objective questions calling for factual information, such as "What s the speed of

light, in merric?” .

Practical challenges ("roll-ons™) involving use of apparatus or visual aids; these

are rolled out to the center of the stage on a cart. Example: Given a ring stand,

pulleys, weights, and string, students (one from each team) race to "lift the

weight.”

Adult offxuals include a scorekeeper, a timer, a moderator (who reads questions),
nd an "expert” to interpret answers when' needed. An adult is also stationed -
ackstage to assist with the preparation of "roll-ons” if necessary. Participating

"adults often become “regulars” who look forward to serving each year... -

Awardsare presemed at the conclusion of the competition and include a "perpet-
ual trophy” on which winning team names are inscribed each year, plus individual .

ribbons for team panelists. Often an administrator or communiry member is
honored with the task of presenting awards. ’
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- curved piece of V-tubiri- -sii

Science Olympics |
(Or Science for the Sport of It)
- Carey W. Fletcher

.

Teenagers enjoy competition—especially if it is fun and if the winners receive

'pnzc.s This- motivation, coupled with proper planning, is the key to organizing

olympic games in science, where junior or senior high school students can enter
events based on scientific principles, measurements, or equipment.
Last spring at Charlotte Junior-Senior High School, an inner city school in

'Rochester, New York, I coordinated science olympic games that were successful not
- only because students enjoyed themselves, but also because the program fostered a °

more positive attitude toward the school's science program. In addition, publicity.in-
the local news medm raised the students’ morale and, hence, schoo! spmt

CHOQOSING THE EVENTS

Teachers can chaose many kinds of events for such a contest. Selection should
depend on the background, ability, and maturity of the students. Some sugbestxons
developed at Charlottejumor-Semor High, are:

Egg drop. Canan egg be dropped, without breaking, from a second siory window? .
Protective materials surmundmg the egg can weigh no more than 60V g; parachutes
“areallowed. Each contestant multiplies the shortest longitudinal axis of his or her ~
dJevice rimes its mass times its dropping time. The student with the lowest product
wins. '\\ . .

Paper airplanc engu vering. Students design paper asirplanes thar are testcd for
flying accuracy (through a hula h')ny) and distance 2iong a straight path (with
deviations from the pati: subtracted from: the distance flown).

" Paper tower building . Stucents use ore sheer of ditto paper (8%2” x 117), scissors,
and 50 cm of rape to buik! 1 free-standing tower in only five minutcs.

Bottle music. The contesant must piy a tune by blowing through a "musical
sule of pop bottles filled with varying amounts of water. (Judgmg, of course, is
somewhat subjective.)

Prediction. Studerits v

ik wirere a ',t»e(f} ball---11ding on a runway made from a

Bike bulance. Studerts nius: « bilte ns slowl- s 5 »3sible between tiwo strips of
tape, each 25'm longrand posicans© 75 cn oy
winhcr is the student who compietes e cours:
to avoid taking a spill from the bike.

Bike slalom . Participanits bisycle fire: 2 e row £ oljects in a zigzag
arrangement, then alnng the other size, The winseris the student who finishes the
course in the shortest

Bottomy up. How frse
into another contaize» ~ihout spilling any liquid? o

+t. without “wuching the lines. The
she ¢ l:wust risne while managing

L Sl
A7 TN

. .

an contestants empty the contents of a 2-liter glass bottle |
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Apartment building. Using 26 playing cards, competitors construct the highest’
free-standing "apurtment high rise” they cau in five minutes, -

Light-bunded slalom race. Carrying Piny- Pong, balls in teaspoons, runners must
weave in and out around obstacles in a zigzag course as rapidly as possible, without
dropping the bills.

Bridge building. Students desx{,n and build a bridge using glue and balsa wood
weighing no more thun 100 g The bridge capable of supporting the heaviest weight
wins.

Refraction prcd:ctxon A bedm of llghr (preferably a laset beam) is directed at an
angle through a semi-circular, transparent object (solid or filled with water). After
the beam passes thzough the object, it first hits a triangular glass prism ar an angie
and then is refracted onto a screen, The winner is the student who most nearly
prcdxcrs the spot where the light will land on the screen.

. ~ BEHIND THE SCENES )

Organizing science olympic games requires the cooperation of all teachers in the
science department and the assistance of perhaps 15 to 20 students. The following
points should be considered in planning the project: :

e Publicity: Advertise the scierice olympic games in class; in the school news
bulletin; over the public address system; through flyers posted in the halls-and
the cafeteria; and even in local newsletters, newspapers, and on radio and
television stations. : - :

® Serupand cleanup: The teacher or student responsible foran event should alsobe
responsible for acquiring any necessary equipment and setting it up. “Teachers™
-and students who set up the olympics should also mke charge of the cleanup
effort afrerward. .

e “Thank-you" committee: Appoint several persons to write notes of appreciurion

. to businesses of organizations that donated prizes and t0 anyone who helped

- make the project a success. : .
® Monitors: Have one or more teachers posted as necessary to keep order among

participants as well as observers.

® Scorekeepers: Assign persons to tally pomrs and derermme rhe winners quickly.

e Name tags and registration. For the sake of orderliness and convenience, each

+ participant should be issued a name tag when registering. At our olympics,”
registration was limited to the first 150 students who paid a 25-cent registration
fee. The fee ensured rhe sincerity of each entrant and helped defray costs.

“THE FINISH LINE
Based on the philosophy thar every student who successfully completes an event

- deserves recognition, a minimum of one point was awarded to those who “just

fmlshed our olympic events; two points to those with an average performance; and
three points to those whose performance was above average. At the end Of each -

~ event, additional points were awarded to those placing first rhrough fifch.,

In the end; the greatest reward from organizing our science olympics program ’
came from the many excited students who expressed the hope thar the compermon
would become an annual aff:nrx :
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The Day We Hung Eighth Grade
Nancy C. Griffin .

I'll plead guilty to temporary insanity, but . what teacher wouldn't suffer mid-
summer madness if asked to teach physical science to eighth- 1,radcrs in a summer
school classroom without air conditioning—and in Florida!

A math colleague and | were at wit's end after only a week of-summer school. It
seemed impossible to grab hold of students’ attention. Our backs to the wall, we
confessed ( partially facetiously) to an occasional impulse to "hang” the entire eighth
grade. Gradually, we became "absorbed™ in our fantasy. Could it be: that by bodily
involving our students in science, we could motivate them to learn science?

., When we announced gravely to the students that they were to be hung, the class
rcspnnded with sarcastic gmans and jeers. You re cmzy1 " they protested, “you can't
hang us/’ '

On the appointed day, students were reluctant and grumbly, but they follower‘ us
rather docilely to the gymnasium where we had set up some stout ropes and
protective }'h:;{s. (We had also advised them to wear.jeans. No one wanted to, be
hung. So the niath teacher and 1 explained in detail how we would pinpoint their
centers of gravity by, hanging them from various angles, dropping a "plumbob” at
each position, and thén determining where the lines of the plumbob intersected.

Once we had actually l(xated a reluctant volunteer, interest perked up. Qucsnons
from the class came fast. * What does "center-of gravity’ mean?” "Of. what use is

_gravity?” ' - the moment we dedmed o answer. As the perioddrew to.a close and

the class i . uine more iasistent, welput away the equipment and began to discuss .
the sxg,mflc,mu: of what had been dem()nstrated ‘Does center of gravity play a role
in sportsi * "Does it differ in men and WQmen’ Why?"" "How does it influence
balance?” As many questions as possible were._answcrcd through demmonistrations.

The class was an overwhelming suctess. Dt,sg"mf the he.t, w2 couldn’t get rid of the
students. They smycd after cl.lss to be hung again, to ask more qucsmms tocompare
centers of gravity. . - /

: THROWING YOURSELF lNTO T i
Since total body involvement seemed our key to success, we dLudcd fo mr.orpomte
bod) experiments into all of the middle sch(x,l science and matlr cl.lsses
Drowning (or finding one’s volume by water displacement) was the next stcp
Unable to locate a secondhand bathtub, we borrowed instead a child's pldsnc wadmg
pool. We added 20 liters of water to the pool, raarked the \Yaters edg.,/and.
continued marking after every additional three liters until the pool was filled. “Then
we removed an appropriate amount of water so the pool would not overflow’ wheha
child-submerged himself. Finding how much the water rose,whcn a child was
submerged allowed ¢ us to calculate his volume in liters.
/ Inanother body experiment, weight was calculated by “dangling” a student froma
sprm;, 1 scale. Knowing both body volume and mass, it was thus possible for Studcnts

P 106 i
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Eighth-graders who had worked with mass, volume, and density in the regular
school term did nat seem to understand these ideas well before the body experi-
ments. After having been bodily involved, however, they found the terms had new
meaning—a fact we sensed in classroom discussions and were able to substantiate
using pre- and postrests.

By now, students were asking,’ ‘What's next?”, parents were vmtmg, and calling
to praise our ideas, and we were racking our brains to think of more ways t have
body involvement.

Creating human oendulums gave us an opportunity w introduce the concept of

hypothesis. Before the activity, we asked the class to predict which of several types of

pendulums (such as long or short, light or heavy weights, etc.) would have the
fastest period. Most predictions were wrong. And even after some of the various
human pendulums had been swung, arguments persisted; students insisted we had
not been accurate and that our results were wrong. We repeated the experiment
several times, using various human pendulums before the results were totally
accepted. C

L A PROGRAM IS BORN
Our students learned a good deal through these experiences, but we learned more.
tarly on it became apparent to us that enthusiasm generates motivation—and that
enthusinsm grows out of changing student activities frequently and imaginatively.
We expanded on this approach to learning science in subsequenr semesters,

eventually producing a unified science program for the sixth, seventh, and eighth

grades which we ¢ Interrelaiess soxplorations in Science. The program minimizes
the traditional fences separating one science from another, and presents content

. through four major conceptual themes (quannncmon, orderliness, change, and

equilibrium). Throughout, we use games, dramatizations, bulletin boards, nnd
gimmicks of all kinds.

" We've learned our lesson well—middle school students learn most succusfully
when both their minds and bodies are active. And kids are never more active than
when they're "hanging around”! '
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Energy Consumption, Calculate It!
Howard Munson
Each year mo. new electrical gadgets for the home appear on the market. Many

of the gadgers, or ..zpliances, are designed to make meal preparation easier.
A few years 2go a popular i item was the small toastor-oven, made with top and

~_-bottom heat coils designed for ‘baking a small casserole or two or three large

potatoes, cooking a small roast, and roasting two slices of bread. Recently, micro-
wave ovens have been ‘promoted as energy savers. Except for toasting bread,
microwave ovens do most things regular ovens and toaster ovens do at a faster rate.
Also on the marker are burger fryers, hotdog cookers, slowcooking pots, self-
contained deep fat fryers, and electric woks. These devices do single rasks that can be
done on conventional kitchen ranges. _ -

There is no simple nor single answer.to whether small appliances conserve or
waste energy. There are-a number of activities that may help answer the question
with respect to individual agyiiances. This article includes several activities that
interest middfe zrade students and may stimulate discussion about energy conserva-
tion berween students and their parents. '

o THE BURGER PROBLEM i

As an introductory example, consider the problem of frying two hamburger
patties. There are three electric methods of frying hamburgers: in a frying pan on
the electric range; an electric frypan (25-cm square); or a burger-maker. Which
method is least costly in terms of energy need?

Two factors are important: (1) the number of watts of eiectrical power drawn by
each appliance and (2) the time it takes to 2ook hamburgers on each appliance.
Watts times time in hours (w X h) equal watc hours. One thousand watt hours is a
kilowatt hour. Since electrical power is purchased by the kilowatt hour, electricity |,
consumpticn is usually deseribed in kilcwatt hours.

A large Zu-cm diameter electric stove burner uses 100 watts. Assum that after .
three minutes of preheating, it takes 10 minutes to cook two burgers, using about‘
238 watt hours (1100 w X 13/60 hr = 238 wh), or 0. 238 kwh. .

An electric frypan about 25 cm across uses 1200 watts. After five minutes of.
preheating, it takes 17 minutes to cook the burgers using 444 watt hours or 0.444
kwh. : :

<
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A single burger fryer requires five minutes to preheat, fries the burger in two
minutes sfter which a second burger can be fried immediately. Only nine minutes
are required, and since the burger fryer uses 400 wates, 60 waet hours or 0.06 kwh are
used. Compure the mll()wm;,, examples:
Large burner:
1100 w X 13/60 ke = 238+ 1000 = 0,238 kwh
Frypan: '
1200 w X 22/60 hr = 444 + 1000 = 0.444 kwh
Burger-fryer:
400 w X 96 hr = 60 + 1000 = 0.06 kwh :
Which wie thod consumes the least energy? Ohviously, it is the single burger fryer.
sure all small appliances similarly efficiént or is this a unique situation? Here are
some other comparisons to make. e

e e THE TOASTING DILEMMA - R —— S —
' Cnmparc three mcthods for toasting 12 slices of bread——a toaster oven Wthh
aceepts two slices of bread; a two-slice electric toaster;and a four-slice toaster. From
the literature accompanying a home appliance or mail order catalog find the wattage
for each appliance and record it.
Assume that the followm;, fignres are accurate for rime required to toast bread:
toaster oven, two inutes; two-slice toaster, two minutes; four-slice toaster, 2.5
minutes. Fill in the blanks below and make the necessury caleulations.
Toaster oven: ‘
watts X 2/60 hours =
— wh X 6 tor 12 slices) = .

watt hours

wh

~wh -+-1000 = kilowart hours
Two-slice toaster:
= w X 2/60 hr = wi
o wh X 6 (for 12 slices) = — _ wh
wh =~ 1000 = kwh '
Four-slice toaster:
w X 2.5/60 hr = wh

——whX3 {for 12 slices) = “wh
wh -+ 1000 = kwh
(Remember, a kwh is 1000 watts for one hour. Convert watt hours to kwh by

dividing by 1000.)

ERIC
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Which method uses the least amount of electr xcxty' What factors arz important in
deciding whether to buy a two-slice toaster, a four-slice toaster, or a taster oven?
Discuss these questions when data are gathered. Dlscumon will hkexy lead to
additional comparisions.

1f small appliances prepare small quantities of food (such as two slices of twastor

two hamburgers) with a small drain on electrical current, should comparative

efficiency enter into decisions to buy more small appliances? -

Find out how many households there are inyour city. If you don'tknow the exact
figure, divide the population of the city by 3.5 and use that figure us the approximare
aumber of household units. How does the number of households relate to peak
hours of electrical consumption? When do most families prepare dinner? Could
changes of cooking methods reduce peak demands?

CONSERVING LIGHT ENERGY
- How much artificial light do we need in the environment? What types of artificial

~ lighting give the most light for the energy consumed? How could we reduce the

amount of elecericity we use for lighting? The activities below will answer these
questions.

Several terms are useful in makmg observations and doing calculations in this
study, Electricity use is figured in terms of watts per hour and in thousands of watts
per hour or kilowatt hours. Light bulbs are usually labeled in terms of watts. The
number of watts listed on a light bulb does not tell how brightly it will glow or how
much light it will give off. The watts teli how much electrical current it draws. A
clear 100-watt bulb gives off more light than a frosted 100-wart bulb. A 40-wate
fluorescent lamp. gives off more light than a 40-watt incandescent bulb. Thus, a
100-watt bulb burning for dne hour uses 100 watt hours of electricity. Ten 100-watt
bulbs burning for one hour consume one kwh. It is evident that much electrical
energy is consumed for the producrion of light.

Begin by finding out how much electricity is used for lighting your classroom each
day, each month, each year. Ask your school custodian the wattage of classroom light
bulbs. Next, count the number of bulbs. Finally, find out how many hours per day the
lxg,hts are on. For example, suppose you have 24 40-watt fluorescent tubes burning
seven hoursa day in the room. The number of watts per lamp, times the number of
units in the room, times the number of hours lit equals the number of watt hours
used each day. That figure multiplied by five is the weekly consumption; the weekly
figure multiplied by 4.2 is the monthly consumption of electricity for lighting your
classroom.

+ The figures are based on lights staying cn all day. Are there times the room is

: empcy’ Arciights turned off when the room is not in use? Suppose the classroom is

vacated a toral of about cne-and-one-half hours each day. How muth electricity will
be saved each monti if lights are turned off when the room is empty?

How many classrooms are there in the school building? If these classrooms, like
yours, are occupied and empty for similar amounts of time each day, how many

110 M 120
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kilowart hours can be saved if lights in your building are turned off when not
needed?

How many classrooms are there in your school district? If your classroom is
ty pical of all classrooms in the district, how many kilewatt hours can be saved each
month in your district by turning off unnecessary lights? What are some things that
could be done to make sure lights are turned off when not needed?

During science class survey all classrooms in your building. Record which rooms
are empty but have on lights. Count the snmber of light bulbs or fluorescent tubes in
the room. If each room stood empty for one-half hour, how much electricity could
have been saved by turning off all unneeded lights?

J,
N

ENERGY ESCAPES AS HEAT

Place your hand near a glowing 40- or 60-watt light bulb. Be careful nort to touch it.

What do you feel? You have just discovered that some electrical energy produces
hear instead of light. What type of light source, the incandescent bulb or the
fluoreseent lamp, produces more heat, and thus is more wasteful?

Find an incandescent bulb and a fluorescent lamp of equal wattage, preferably 20
watts. Next, find two corrugated cardboard boxes of equal dimension, large enough
to accommodate the fluorescent lamp. Position the lights, one in each box, so they do
not touch any surface. Insert a thermometer into each box so you can read it without
removing it, but being careful that the thetmometer bulb is not close to the light
source. Seal. the boxes with masking rape so littlé air moves into or out of them.
Connec: the llj,hts to an outlet, record and chart the thermometer readmgs at
five-minute intervals for one hour.

Which type of bulb consistently produces the higher temperature? What may
cause variations in temperatures inside the box? What does the comparisor of box
temperatures tell you? Which type of light source converts more energy to light?
Which type converts more energy to heat? Incandescent lights are about five
percent or less efficient, and fluorescent lights are about 20 percent efficient.* Based
on these investigations, what does effxcxenq' mean?

. *Fowler, John M. Energy and the Environment. New York:- McGraw-Hill Book Co., 1975.

-4
- -
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Food Lab s: An Approach co Science

Bonnie ]. Frimpter L
Roy E. Doughty |

Even the sleepiest, most r:ticent junior high students participate in suience when
science means food. Foud laby, in which students observe scientific principles
through experimentation with food, provide a creative alternative to traditional
approaches to junior high science.

Food labs work on a well-known prmaple Teenagers love to eat. Conservation of
mass fascinates these youngsters when the investigation involves finding the mass
of corn before andafter popping. Melung points and solubility are interesting when
applied to fudge bubbling over a Bunsen burner. In fact, food labs incorporate many

,of the important elements in good learning situations for early adolescents:

. Huands-on laboratory activity.
2 The element of anticipation. ("When do we get to make popsicles?”)
3. The element of surprise. ("We didn’t know. this would be fudge"')
4. Sensory involvement in the learnmg process.
5. Integration of physical science concepts with concepts meafnngful and interest-
ing to adolescents. :
6. Enforcemeni of the idea that science concepts are related to the, real world.
7. Teacher enthusiasm and interest,

appeared to decrease.”) . .
9. Use of lab equipment.
10. Responsibility for lab safety.

In any learning situation, the attitude of the teacher bears directly on the attitude
of the student. When reachers develop activities that reflect creative atiitudes
toward learning, students respond enthusiastically. Activities take on new signifi-
cance, memory of experiences is enhanced, and long-term learning is strengthened.

f

Food labs excite both teacher and students. They prove that learning is relevant,

interesting, and even fun, '
) ACTIVITIES'

Here are several food labs we have enjoyed. Try them, or devise your own.

® Popcorn: Variables. To help stadents understand the difference between variables
and controls, have them alter (by splitting, peeling, or soaking) corn kernels. Ask
the students o . »mpare the altered kernels’ popping time and appearance after
heating against normal kernels.

® Popcorn: Change in‘Mass. The Law ofConservauon Mass is a basic component of

most physical science courses. After students have.done a series of i investigations -

involving this principle, add an investigation involving corn kernels. ‘Students
know that the volume of kernels increases after popping. The question is, does the

mass increase? Finding that the mass apparently decreases sparks curiosity about -

the relationship berween volume and mass.

122. . -
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® Popsicles: Freezing Foints. From earlier experiments, students know that water

l

freezes at zero degrees Celsius. To find the effect of solutes on the freezing points
of solutions, the students place two test rubes irto a halite (NaCl) and ice mixture
in a beaker. One test twbe contains plam water, thie other holds water plus
Kool-Aid powder and sugar. Moniterifig temperatures in both test tubes; students
quickly discover a lower fraezing point in the Kool-Aid sofution than in water.
Hard Candy: Dissoiving Rates. To find out if the surface arca of a substance affects
the rate at which the substance dissolves, give each siudent three hard candies.
The students break one into small pieces, one into large pieces, and leave the last
one-whole. The candies are dropped simultaneously into cups containing equal

“amounts of water. Srudents observe dissolving rates as indicated by the-color of

the water. They can then relate dissolving rates te the surface areas of the solutes.
Coca-Cola: Separating Components. In this lab, students separate the components
of Coca:Cola or other soft drink. The soluble gas can be separated and tested with
I:me water and with a burning splint. Distillation separates the soft drink into a
clear liquid (water) and syrup. Students test the clear liquid for <olor, taste, acidity,
density, boiling point, freezing point, and solubility of other substances in it. The
syrup is tested for the same properties and for sugar,

Frdge: Melting Points and Solubility. Introduce this lab- thhout telling smdenzs
what the results will be. instead of using a standard fudge recnpe, cite procedue,

" measurements, equnpment and ingredjents in srientific terms:-As they work,

students see connections between familiar experiences (chocolate chlps melting

and sugar dlssolvmg) and scientific conceprs (melting and solublllry) h
-SAFETY :

We conduct food labs with an emphasis on safety, adhering strictly to the

following procedures:

Food Jabs are introduced as food labs.
"Lab ware used for food labs is never used for any other type of lab we lupel food
lab equipment “"For Food Only” and store it separately.

3, Resulting food products are placed in disposable containers (paper cups or

aluminum foil dishes) before they are eaten (with the consers of the teacher) or
thrown away.
These precautions not only protect students, but teach them the importance oflab .

safety. If appropriate safety procedures cannot be followed in the school’s science
labs use the home economics facilities. : :

Food labs -provide unforgertable reinforcement of the physical princip.es we

v . i * . . .
teach, We aiso find thar students apply the principles they learn to experiences
outside the lab, and as 2 result find science 1elevant and interesting.

41,
“Teaching (NARST), Columbus, OH. 1979.
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Fifteen Simple Discrepant Events That
Teach Science Principles and Concepts

Emmett L. Wright

— - A discrepant event—a phenomenon which occurs that seems to run contrary to

* our first line of reasoning—is a good device to stimulate interest in learning science
concepts and principles. Here is a list of demonstrations of discrepant events which 1
have found that stimulate the curiosity of students at the secondary school level, and
are good, plain fun as well. A brief description of the materials and procedures for
doing fifteen of these demonstrations is outlined, along with a short explanation of
the concepts and princ.ples involved.

1. CONTRACTING MATTER WITH HEAT
This event provides an exception to the general rule that materials expand when
heated. ' ' -
Materials:  Matches, rubber band, weights
Procedure:  Suspend the weight by the rubber band. Ask students what will
S happen if you put a lighted match near the rubber band. Most will say
it will stretch more. Yer, rubber actually contracts when heated; the
weight will rise as the match heats the rubber band.

2. FIREPROOF PAPER <
These events allow you to heat common combustibles without destroying thern.
Materials:  Matches, paper cup, drinking glass, water, paper clips and burner
Procedure: (1) Wrap the piece of paper around the glass. If you try to light it with
: a match, it will not ignite because the glass conducts the heat away too
rapidly, maintaining the papér below its kindling noint. (2) Place the
paper cup on the burner and pur water in it about 1 cm deep. When
the fire is lit, you can bring the water to a boil withoutburning the cup,
the temperature of which remains at 100°C (the boiling point of
water), considerably below the kindling point of paper.

3. VITAMIN C TEST
_A dramatic, unexpected color change will occur in the presence of Vitamin C.

Materials: ~ Water, cornstarch, iodine, a variety of foods with Vitamin C (orange
' juice, rose hips, green peppers, etc.), and without Vitamin C (potatoes,

_nuts, rice, etc.), small beakers or water glasses, Vitamin C tablets

Procedure:  Boila half teaspoon of cornstarch in a little water. Add 1 or 2drops of

C " iodine and the mixture will turn dark blue or black: Separate the

mixture into several containers. Drop a small-bir of food into each
" conainer. The foods with Vitamin C destroy the jodine starch com- -

_ plex. Following speculation about the common element in the foods

- which cleared up the solutions, test the solution with Vitamin C. Draw

conclusions. . ,1 2 5

SRIE _ ‘.
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4. HAMMER HEAD
Hirtting a person on the head with a hammer can be painless if it's done right.
Muaterials: = Large book (a dictionary works well), hammer nails, board and a
hearty volunteer
Procedure:  Place the book on the head of the volunteer. Put the board on rop of it
and hammer the nails into the board. There is no pain because the
force of the blow is distribured throughout the book as- well as
cushioned by the air trapped berween the pages of the book. (To be
" safe, you do this; don’t let students do this to each other.)

5. RISING RICE
This i 15 an event in which a repetmous series of actions is contradicted in the last
trial.
Materials: A glass jar full of raw rice, and a table knife
Procedure:  Plunge the knife into the jar of rice several times. When the students
" begin questioning your sanity, jab the knife in once more and slowly
lift. The whole jar v.1ll pe lifted up. The rice packs so ughtly that 1t
provides enough friction to lift the jar.

6. SQUEEZING A GLASS BOTTLE
This event calls for good powers of observationand can be used to demonsrrare the
role of prior assumptioas in problem sclving.
Muaterials:  Water, dime, and an empty soda bottle
Procedure:  Place the dime over the mouth of the bottle. Drop a little water around
' the edge to seal it. Grasp the bottle with both hands and squeeze. The

dime will begin to dance up and down. As the air inside the bottle - ~

expands from being warmed by your hands, the dime is lifted to
relieve the pressure. The squeezing per se has no effect upon the glass
other than raising its temperature.

7. HUFF ‘N PUFF
forceful blast of air will not always move a light object. The acuvxry illustrates
Bernoulli's Principle.
Materials:  Piece of light cardboard about 5 cm square, straight pm and thread
spool
Procedure:”  Push the pin through the center of the cardboard. Put the cardboard
A on the end of the spool with the the pin going into the hole in the
spool. The pin keeps the cardboard from going sideways. Hold the
spool with the cardboard aimed at the ceiling and blow hard through
the other end of the spool. No matter how hard you blow, you cannot
blow the cardboard off the spool. A variation of this event for those
rooms with air jets in thern is to use a thistle rube and-a ping pong ball.
Place the ball in the mouth of the-tube, but not too.close. Turn on the
air and the ball will blow away. Now place the ball very close to the
tube. This time the air will not blow the ball away; instead it holds the
" ball in place even ‘ifg' the tube is moved around.

'Y
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8. "IRON" ‘FIGURES

A mysterious figure 4ppéars when iron fxlxrgs are sprinkled onto a piece of

cardboard.
Marterials:

Procedure:

Two sheets of light cardboard, bel} wire, iron filings, dry cell, and
scotch rtap. .

Cur a simple figure out of a sheet of cardboard. Tape it to another
sheet. Tape wire around the edge of the figure and run it to the hidden
dry cell. With the figure side down, lay the cardboard on the table.
Sprinkle iron filings onto the cardboard and tap it gently. The filings

will align themselves along the wire, "drawing” the figure. The

current in the wire creates a magnetic field which artraces the filings.

9. CORK IN THE BOTTLE

~ Try this experiment in negative acceleration.

Materials:

Procedure:

Large bottle at least 10 cm across at the bottom, water, strmg, and
corks. :

Fill the bottle with water. Tie the string to the cork (one that wxll fit
through the mouth of the bottle) and put it into the water. Leave one
end of the string hanging out of the mouth. Plug the bortle with
another cork so that the string is held fast and the cork in the bottle is
able to float free. Hold the bottle upside down and move it to one side
at a constant velocity. The cork retains its relative position in the
water. Next, accelerate the bortle in the same direction. Instead of
retaining the same position or lagging behind the motion of the bottle
(as most students will predict), the cork will spring ahead in advance
of the motion and maintain the shifted position as long 25 the bottle
experiences the acceleration. This shift is due to the development of a
density gradient in the water. The acceleration causes the water on'the
side of the cork opposite the direction of accelerarion to become more
dense. This creates an unbalanced force which shifts the cork forward
until a new pressure equilibrium point is reached.

10. BLUE BOTTLE

This event encourages students to analyze, predict and evaluate phenomena.

Materials:

Procedure:

250 mL flask with rubber stopper (or bottle with screw-on cap), 10 g
table sugar, 125 mL distilled water, 5 drops methylene blue indicator,
and 10 g sodium hydroxide ("Dranc” could be substituted)

Mix the above ingredients in the bottle. There will be blue in the
bottle, but upon setting will turn clear. With vigorous shaking, the . -
liquid will return to its blue color. (For safety you do this. Don't let
students do ir. Take great care to kezp the top on when shaking since
sodium hydroxide is a strong base and can harm eyes or skin.) -
Students will be unable to accurately predict, however, the behavior of
the liquid when vigorous shaking is continued after the initial changes
in color. This system involves oxldauon of the sugar by oxygen
catalyzed by methylene blue.
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11 CORN STARCH IN WATER

This subsmnce exhibits startling properties when mlxed wirh a little water.

Materials:-

Procedure:

Materials:

Procedure:

Materials:

Procedure:

O

ERIC

Aruitoxt provided by Eic:

Clear jar, water and corn starch

Fill the jar about one-half full with corn starch. /Add just enough water
to make a thick paste. Have a student slowly push his finger directly
into the paste. It will go in easily and fully. Now ask another student to
rapidly punch his finger into the beaker. This time there will be high
resistance and the finger will not penetrate. The molecular structure
of the starch-water combination maintains its structuzal integrity on
impact, but will give easily, under slow but steady pressure.

12. WATERPROOF CHEESECLOTH
2 layers of cheesecloth (or 1 file card), 1 widemout!#ar, and 1 rubber
band : ' :
Stretch two layers of cheesecloth over the mouth of a jar and hold
them in place with a rubber band. Pour water into the jar slowly. Flip
the jar over quickly and the water will not come out. Next, punch a
small hole in the cheesecloth with the point of a sharp pencil. Water

will run out for an instant, then stop. In both cases the surface tension~.

(the strong cohesive force of water molecules) with the aid of atmos-

- pheric pressure “seal” the holes.

This demonstration can also be done by placing a file card "ompletely
over the mouth of a jar after it has been filled with water. Holding the

file card in place, flip the jar over, then let go of the card and it will .

“stick” to the jar. The water will remain inside the jar. In fact, the card
will remain in place as long as the rim of the ji r is wetand the card is
in direct contact with the entire edge. Illustrar::d here is the effect of
the differential pressures exerted by the atmospheric air (greater
upwards on the card) and the smaller pressure exerted downwards by
the water or a combination of water and air in the jar.

v

13. KUNG FU
A wooden slat, and 2 sheets of newspaper

" Place a slat of wood on a desk. Spread two pieces of newspaper

smoothly over the part of the slat restmg on the desk. Make sure the

newspaper is flush on the desk with no air gaps. Strike the overhang- -.

ing piece of slat, and it will snap in half with the paper remaining in

place on the table. This demonstrates the tremendous pressure

exerted on the newspaper and transmitted to the slat by the atmos-
phéric ait, greater than the force striking the slat. This differential
pressure effect is only true if no air is permmed under most of the
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Marerials:

 Procedure:

14. “"COOKING” BY FREEZING

One dozen apples, freezmg uait, blender, hot plate, and cooking
;' utensils

Prepare for the demonstranon by placmg apples into a freezer. After
the apples are thoroughly frozen, let them thaw. Freezing breaks
down the cells in the apple just the same as cooking. Prepare another
batch of apples by the regular method. Process both batches in a |
blender. When both are served to the student, they will not be able to
tell which was “cooked” by freezing.

15. LIGHT LEAD

You cannot always trust your senses.
¥

Materials:

/

.Procedure:

Piece of sponge (about 50 8, cut to size), piece of lead (about 45 g) and

~an equal arm balance.

Prepare a chunk of lead and a piece of sponge where the sponge is
slightly heavier than the lead. Give students the chance to compare
weights hy lifting them. Ask “Which is heavier?” or “How many
times heavier is the le4d than the sponge?” To most students, the lead
will seem heavier. Place the two items on opposite pans of an equal
arm balance and have students react.

S BV
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