ED 359 08

AUTHOR
TITLE

INSTITUTION
PUB DATE

NOTE

AVAILABLE FROM
PUB TYPE

EDRS PRICE
DESCRIPTORS

ABSTRACT

DOCUMENT RESUME
SE 053 520

Meinhard, Richard, Ed.

Concept/Process—Based Science in the Elementary
School. Science Curriculum Concept Paper #5.

Oregon State Dept. of Education, Salem.

92

13p.

Oregon Department of Education, 700 Pringle Parkway,
SE, Salem, OR 97310-0290.

Guides - Classroom Use - Teaching Guides
Teacher) (052)

(For
-—- Guides - Non-Classroom Use (055)

MFO1/PCOl Plus Postage.
Concept Formation; Curriculum Development;
Educational Change; Elementary Education; Elementary

"School Science; Evaluation: *Experiential Learning;

*Inservice Teacher Education; Instructional
Improvement; Language; Learning Processes: *Problem
Solving: *Science Curricuium: *Science Education:
Science Materials; Science Teachers: Social
Influences: Staff Development: Textbooks

“Hands on Science; “Science Process Skills

The Oregon vision for transforming science education

is called concept/process—based science. It is not a program but a
conceptual framework which presents goals for the direction of
science program development. It focuses science programs on helping
students develop basic scientific understandings thronugh the use of
the key processes of human problem solving. Section 1 of this

document. "Elementary Science Education,"

consists of two

subsections: "The Vision for Concept/Process-Based Elementary

Science" and "Promoting the Development of Thought.' The latter deals

with coordinating five basic sources or factors which provide
stimulation and support for students' cognitive growth. These arc:
(1) experience with objects; (2) social interaction; (3) beginnirg

capabilities in initial conceptions;
development--coordinating the factors. Section 2,
Elementary School Science,"

(4) language: and (5)
"Changes In
consists of the following subsections:

(1) "Changes in Curriculum"; (2) '"Changes in Learning"; (3) '"Changes

in Instruction"

; and (4) "Changes in Evaluation." Section 3, '"School

Support," contains information on (1) changes concerning program
materials, support, and time allocation, and (2) changes in staff
development, which concern teachers' understanding and practices.

(PR)

Je vede doole v sl vl ol st v e devle vle s ol v e e o' o e dle e ot e e de e de s ol s s s e st ok e de s o'e s v e de e e v o oot sle st o oot e e o Sk Y ok s o oo e ok o

Reproductions supplied by EDRS are the best that can be made

%

from the original document.

¥

B4

e Fosle o Je v e de e e de S o S e ol do sl de S e do o Yo ok ol v et e o e o sl de st de ok e v o s o S 9 e v ok o o o o ot vl o v 9 9k 3 o o Fe o % e sk o e o




ED355065H8

O "

“PERMISSION TO REPRODUCE THiS
MATERIAL HAS BEEN GRANTED BY

s. €. Lesh

Oregon Department of Education

Science CurricuLUM CONCEPT PAPER #5 ‘

Concept/Process-Based u
| Science in the Elementary School |

Science EpucATION

1992 !

i
U.3. DEPARTMENT OF EDUCATION

10 THE EDUCATIONAL RESOURCES

INFORM

-

<
ol
N

M

192,
Q
Q

ATION CENTER (ERIC)."

A. THE VisioN For CoONCEPT/PRO-
CESS-BASED ELEMENTARY SCIENCE

With the increasing importance of managing rapidly
changing knowledge and technology, we must more and
more depend onthe development of our citizens' thinking
— reasoning, problem solving, inventing, discovering,
cooperating, coordinating, organizing, moral rcasoning
—tounderstand societal change. Educators thus face two
problems. They must understand these socictal chal-
Ienges and address the diverse, unique needs of cach
lcarmer.! The solutionis notto take on and teach more, but
to teach differently and smarter, By finding methods
which focus on problem solving, we can empower stu-
dents to take ownership for their own growth and to
develop the capabilitics and motivations of independent
Icarning of all students.?

Oftca ol E 8! and i
EDUCATIONAL RESQURCES INFORMATION
CENTER (ERIC)

B Thie document hes been reproduced as
recaived (rom the person of orQantzation
onginating it

T Minor changes nave bean made 10 improve

I. Elementary Science Education — e

& PoInts ol view of 0DINICNS statedn this docu-
ment do not necessarly represent otficiat
OERI position or pohcy

The Orcgon vision for transforming science educa-
tion is called “concept/process-based science.” Itisnota
program but a conceptual framework which presents
goals for the direction of science program development.?
It focuses science programs on helping students develop
basic scientific understandings through the use of the key
processes of human problem solving and investigations,
Science instruction based on the natural constructive
powers of students solves important issues of equity by
cncouraging all students to meaningfully participate and
develop to their fullest potential.*

Three foundational principles support clementary
concept/process-based science: (1) students construct an
understanding (2) of basic concepts of science through
(3) the key processesinvolved in student hands-oninvesti-
gation. Students’ self-directed activity reveals that basic
intellectual processes and concepts develop through stages

: There are many articles and reports stressing the fundamental
imponance of education to socicty such as the National Science Board
Commission on Precollege Education in Mathematics Science and
Technology repon, Educating Americans for the 21st Century (Washington,
DC: National Science Foundation, 1984); the report of the Commission on
the Skills of the American Workforce, “Amenca’s Choice: High Skills or
Low Wages!” (Rochester, NY: National Center on Education and the
Economy, June, 1990) which was the basis for Oregon’s 1991 reform
legislation," Oregon Education Act for the 21st Century™; sce also the
Oregon Business, March, 1991, issue on educction. |

: The foundational goal of promoting independent leaming is widely
supported and is promoted by NSTA. Sce, for example, John E. Penick,
gen. cd., Focus on Excellence, vol. |, no. 1: Science as Inquiry (Washing-
ton D.C.: National Science Teachers Association, 1983).

3 The Oregon science program is SCIENCE Comprehensive
Curriculum Goals: A Model for Local Curriculum Development, (Salem,
OR: Orcgon Deparument of Education, June, 1989).

4 Christine Chaillé and Lory Briwin in The Young Child as Scientist
(Harper Collins, 1991, p. 15) suggest, “Anyone who is studying anything in
a methodical way is a scientist.” We would add, “to extend existing human
knowledge.” Scicence education is not a body of knowledge to be feamned; it
is learning to leam about the woild. The Oregon Department of Education’s
Science Curriculum Concept Paper #4, “Concept/Process-Based Science,”
provides the research base and definition for Oregon science education
(Salem, OR: Oregon Department of Education, 1990). See also a compan-
ion paper, "A Discussion of Concept/Process-Based Science” (Salem, OR:
Oregon Department of Education, 1990).
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of construction — not by simply learning completely
formed understandings. These stages indicate the impor-
tance of understanding the constructive naturc of stu-
dents’ scicntific knowledge.’

Concept/process-based science is also goal focused
by directing instruction toward understanding certain
basic concepts. While there are many scientific concepts,
some fundan.ental concepts used in basic scientific
capabilitics of investigation essentially definc a literate
citizen.®

Concept/process-based scicnce uses key processes of
students’ activity to construct knowledge. Constructive
processes arc organized into investigations through prob-
lem solving cycles — finding and posing problems,
proposing plans and methods, trying them out, and inter-
preting and reporting results. When elementary students
learn how to plan and follow a method of problem solving,
they can conduct simple, iindependent investigations into
any arca or problem and this capability can be developed
into the richer, scientific experiments at the high school
level. In-depth, independent inquiry is not only valuable
inall arcas of learning, it creates the life-long independent
learner. Scientific knowledge is not something students
have; it is what students do. The ability to indecpendently
investigate and construct an understanding of a new arca
of study begins with simple investigations inkindergarten
and culminates in successfully contributing to a rapidly
changing, technologically complex society.’

B. PROMOTING THE DEVELOPMENT OF
THOUGHT

While the observable behaviors of hands-on activity
are important, the goal of science is the development of

mental activity. Affective factors provide the motivation
and interest for students’ mental activity while cognitive
factors provide the sources for the development of stu-
dents’ activity. Besides considering the affective inter-
ests and motivations of students, teachers can consider
five basic sources or factors which provide stimulation
and support for students’ cognitive growth.?

Experience with Objects. Hands-on activities mecan
students have objects (both living and inanimate) directly
available for investigation. Being able to return to expe-
riences with objects allows students to try out new ideas
to scc if in fact their developing ideas are correct. For
example, when young students mistakenly assert that a
clay ball weighs more when it is subdivided, tcachers can
pose the problem of how students might show that subdi-
viding decreases weight. Thus teachers can encourage
students to use experience with objects in a purposeful
way.

The teacher can encourage this factorof using objects
forverification by asking, “*How do you know?" and “Can
you demonstrate that?” Students must conduct many
activities involving weight before realizing weight stays
constant in spitc of raising or lowering objects or altering
its shape. Hands-on means leamers have objects avail-
able so they can conduct investigations and directly
gather facts and attempt to verify what they think they
know. Using this factor of experience with objects leads
to understanding the importance of scientific experimen-
tation and verification.?

Social Interaction. A sccond factor of cognitive
growth comes from student opportunities to share the
logic of their viewpoint. Students need to hear the
multiple viewpoints of others as they work out the logic of
their own understanding. Student interaction, such as

3 The ficld is gradually realizing the constructive nature of knowledge
demonstrated by Piaget's rescarch. Sce Science Curriculum Concept Paper
#2,“Contributions of Piaget to Science Education” (Salem, OR: Oregon
epartment of Educauon, 1989) for these implications and Grayson H.
Wheatley, “Constructivist Perspectives on Science and Mathematics
Leaming” in Science Education 75(n. 1, 1991):9-21. A description of the
development of understanding of weight, quantity, and volume are in Jean
Piaget and Birbel Inhelder Child's Construction of Quaniuies. (London:
Routledge and Kegan Paul, 1952).

The AAAS has tricd to describe the hasic concepts of science in
"Biological and Health Sciences: Report of the Project 2061 Phase I
Biological and Health Sciences Panel” by Mary Clark and “Physical and
Information Sciences: Report of the Project 2061 Phase | Physical and
Information Sciences Panel” by George Bugliarello (Washington DC:
Amencan Assoclation for the Advancement of Science, 1989). Oregon’s

basic concepts are described in “A Focus on Science Concepts: Science
Concept Working Papers” by David C. Cox (Salem, OR: Orcgon Depant-
ment of Education 1989).

For an example of how the developmental sciences produce
constructivist teaching, sce Rheta DeVries and Lawrence Kohlberg,
Constructivist Early Education: Overview and Comparison With Other
Programs (Washington, DC: National Assoctiation of the Education of
Young Children, 1987) or Darrell Phillips, Structures of Thinking 2nd ed.,
(North Liberty: Insights Educational Materials & Consulting, 1991)

8 Chapter three of Psychology and Epistemology: Towards a Theory
of Knowledge (Grossman, 1972) by Jean Piaget.

9 : . .
The key idea of concept/proce.ss-based science is that knowledge
develops out of students’ interaction with objects and does not come from a
transmission through the senses or language as the textbooks would have it.
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through cooperative leamning activities or collaboration, '
is logic in action. The very essence of knowledge is that
it can be shared because it is composed of a rational,
thoughtful conceptualization which others can under-
stand.

Teachers encourage this factor when they ask, “Docs
everyone agree?” “Explain your positionto othersin your
group.” “Can you find out why others disagree?” Debate
and discussion help students construct the logic of under-
standing and ratianal thought that makes shared meaning
and cooperation possible. Social interaction means shar-
ing reasons and cxplanations, and it leads students to
understand the importance of the validity and public
pature of scicntific knowledge.

Beginning Capabilities and Initiai Conceptions.
Students bring initial capabilities and understandings to
science activities and these shape their lcaming experi-
erice.! Rather than ignore these initial understandings,
teachers can address them by helping students display and
usc their initial pre-conceptions, such as, their initial
notions of weight. By working from the ideas students
initially have available, rather than by simply presenting
acompleted and correct one, teachers can insure students
reconstruct their pre-conceptions to form better ones.
Helping students build upon their existing knowledge
allows students to understand that science is a construc-
tive process which begins with the current state of a ficld
to buiid or rebuild carefully step by step.

Language. The development of thought also de-
pends on having a system of representation so that mental
activity can successively operate at higher levels of con-
sciousness. Words are not mecaning or thought itself;
instead, words, like steps on a ladder, allow thought to
partially represent itself soit can build onitsclf. Language
is what thought can see and represent of its own activities.
After a meaningful experience, students need language,
symbols, graphics, and other forms of representation to
represent the objects and actions they have organized and
10 share what they can sce and can do with others. By
allowing activity to operate on the Ievel of representa-
tional activity of thought, language allows science to be a

social or shared activity. When students make a finding
or construct a new understanding, they need the socially
acceptable names and ways of talking about their insights
as they interact, construct understanding, and present
results.

Teachers encourage the language factor when they
help students find the proper words or symbols for what
they understand. Representation includes more than the
verbal. Students should be helped to use graphs, graphic
symbols, models, maps, and so on, as scientific means of
representation of their understanding. Attention to lan-
guage Icads students to understand the importance of
being able to share and communicate thoughts clearly and
concisely through scientific language and models."

Development — Coordinaiing the Factors. The
developmental factor is the fundamental cause of student
growth because it reorganizes and fits all the other factors
together into a new, equilibrated whole thereby making
the above, individual factors more powerful. While these
factors — hands-on experience, social interaction, lan-
guage, and students’ initial understanding — can stimu-
late changes instudents’ thinking, it is the developmental
factor within students’ thought itself which holds every-
thing together maintaining a coordinated whole. The
more diversity students can coordinate into a single,
rational system, the more organized, inclusive, devel-
oped, and therefore advanced, is understanding. Theme
based units, language integration, and extending previous
knowledge to ncw applications all push on students to put
diverse elements together in a larger, integrated under-
standing. The strong relationship of science to the lan-
guage arts, mathematics, social < udies and other arcas
indicates the value of integrated treatment of science with
other curricular areas. The same *‘hands-on” science
activitics that promote intellectual development during
the early school years simultaneously serve the develop-
ment of reading, mathematical and social skills.

When all factors taken together result in the reorgani-
zation of thought into a new whole or paradigm, that
qualitative change forms a new stage of development.
Thisnew way of understanding and seeing facts, cither by

10 gor example, sce David W. Johnson and Roger T. Johnson,
Leading the Cooperative School (Inieracuion Book Company, 1989);
Johnson, Johnson, and E.J. Holubec, Cooperating in the Classroomn,
(Association for Supervision and Curriculum Development,1988); or Jean
Piaget, Psychology of Intelligence (Litdeficld, Adams, and Company,
1950): chapter 3.

1 fames Wandersce, Joel Mintzes and Joseph Novak, Handbook of
Research on Science Teaching and Learning, ch. 5. In press, 1994,
Macmillan/McGraw-Hill, NY, NY.

12 See What's Whole About Whole Language by Kenneth Goodman
(Scholastic-TAB Publications, 1986) or Talking Science: Language,
Learning, and Values by Jay 1.. Lemke (Norwood, NJ: Ablex, 1990)

-3-
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a slow understanding or a quick *“aha” feeling of rapid
insight, marks developmental growth and forms the basis
for sceing student growth through qualitative evaluation.
Teachers encourage development by providing students
with opportunities to reflect on their activities to figure
outwhat itall means. It is this reorganization of thcught
which comes from the attempt to fittogether prior concep-
tions and empirical experiences — not simple learning
and rcmembering — that marks the development of
thought in students and leads them to understand how
theories and paradigms shape, define, and mark the ad-
vance of scientific development.'?

If completed knowledge cannot be pre-organized and
transmitted to students in completed form regardless of
theobjects, language, social interaction, or logical forms
used by the teacher, then teachers can only be responsible
for establishing the conditions of growth so that students
can do it for themselves. Elementary concept/process
science is the activity of helping students generate and
organize their learning activitics and investigations by
establishing these conditions of growth.

II. Changes in Elementary School Science

Two examples illustrate the transformation of cl-
ementary school science from textbook to concept/pro-
cess-based science.

Textbook Example

A series or lessons from Unit 2 of an clementary
science textbook on physical science began by stating,
“Physical science is about things in the world arcund us. It
is alsoabout how things can be moved or changed. We can
know about things in the world by using our five senses and
by measuring.”

The first lesson began with an activity for “learning
that things take up space.” Students were shown four
pictures describing how they are to put rocks in a glass to
sec how the water level rises. [tended by directing students
to “Think about why the marks are different.”

Next came cight pages of text telling students that
“things take up space...things that take up space are called
matter. The amount of space that matter takes upis called
volume... Things that take up space have mass.” Other
terms in the textare “invisible,” *“states of matter,” “‘solid,”
“liquid,” “gas,” “air,” ‘“‘change in volume and shape,”
“different kinds of matter,” and “living and non-living.” In
the last activity, students placed an inverted cup with

wrinkled paper into water. It asked, “Did the paper get
wet? Why or why not?” The lesson cnded with a three
question test:

1. Which thing in each pair has more volume?
Which has more mass? 2. If one thing has more
volume than another, does it also have more mass?
3. Think! Name each thing in the fish tank and tell
its state of matter.

The second lesson was titled “Matter Changes™ and
concemns change of state in water. The third lesson con-
cerned “Measuring Matter,” the fourth “Magnets,” then
“Light,” “Shadows,” and the final four pages concerned
“Technology Today” and “Ask a Scientist.”"*

Concept/Process-Based Example

The teacher began the unit by posing a problem. “In
your groups choose any object you like and think of all the
different ways you can change it.” The groups suggested
making their object black instead of white, making it large,
changing its shape, making it hot, changing it from glass to
metai, moving the parts around, etc. The teacher next
asked that students try to match up the changes with some
quality. The change from white to black was matched to

13 Piaget in Psychology of Intelligence lays out this explanation of
intelligence as the successively more advanced groupings of mental

operatons.

14 Charles Barnan, ct al., Addison-Wesley Science, grade 3
(Addison-Wesley, 1989) is used as a typical example.
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the concept of color, changing from small to large was size,
etc. The tecacher allowed many mistakes but focused the
discussion on generating various descriptive qualities.

The teacher then wanted to know if they had found all
the qualitics which could be used to describe differences
among objccts and when students said they didn’tknow, he
asked how students might find out. Some students thought
of asking experts, other teachers, or looking in textbooks.
After helping them divide up the tasks to investigate and
compare their lists to one of the data sourccs, the class met
again. From this discussion students made several revi-
sions in their lists.

Next the teacher helped students use their lists of
qualitics Lo describe a varicty of objects. That raised new
problems when the teacher used the board to help students
display theirassertions and see that they did not understand
some concepts. The teacher then pulled out one of their
concepts, “hot and cold.” The teacher drew a line, placed
the word “hot” towards one end of aline, and had students
generate other words which would go along the line —
“cold,” “*medium,” “warm,” (**how about tepid?" the tcacher
asked. “How about really cold?”).

Following that, the tcacher had students create a box
above their scale to label the concept, “temperature.”
“How do we talk about objects as they move in this
dircction along the scale? And in this direction along the
scale?” “Hotter,” and then “‘colder.” “How about the end
points?” *“Hottest.” “Coldest.”

Then came more discussions of what would have to
happen to move an object along the scale, how one would
know a change had taken place, how unitscould be created
on the scale, and what units had already been created. This
created more investigations, another sharing session, and
resulted in unit gradations being placed on the measure-
ment format along with a special arrow on the scale to show
the freezing point of water, ““a benchmark or anchor point,”
which physical scales have.

The students then had a plan, what the teacher called a
“learning format,” which they rcpeated in investigating

other measurable concepts. When they completed an
investigation, students presented their findirgs along with
a demonstration of their concept and documented their
investigation with a completed format. The number of
concepts and the limiis of students’ understanding of
particular concepts — Iength, color, mass, volume, weight,
ctc., — clearly showed in their work. Some of these
projects were proudly presented by students to their par-
ents at parent teacher conferences.'* The teacher gave no
grades but often used another set of student structured
activities which created constructive student feedback,
comparison of student to the group, and scales of self-
cvaluation.'t

A. CHANGES IN CURRICULUM

What students are asked to leam and understand is
changing. The textbook cxample covered standard sci-
ence information regarding matter by mentioning many
concepts and having students do a displaccment volume
activity but the focus was not on the processes of devel-
oping an understanding of the key concepts. The concept/
process-based science example had students clearly fo-
cused on constructing concepts and a system for organiz-
ing the concepts.” The teacher understood and used the
students’ conceptual proces$es and the constructive se-
quence which puts the understanding of temperature
together. The curriculum was conceptual rather than
verbal — a focus on the development of understanding
rather than on verbal coverage.

The direction of change for the curriculum of elemen-
tary concept/process-based science is toward specifying
key concepts, whatmental processes must be organized to
understand ¢ach concept, and how that system of mental
processcs is actually constructed by students'®:

Inthe unitonphysical matter, examples of key concepts
for describing physical properties of objects are quantity,
weight, volume, mass, density, color, speed, velocity,

13 For more ideas. see Nancy Little and Jon Alien, Student-Led

Parent Teacher Conferences, (lLugus Productions, 1988).

16 This vignette is a composite of obscrvations of scveral outstanding
tcachers. Sec also John E. Penick, gen. ed., Focus on Excellence, vol. 1,no.
2: Elementary Science and vol. 1, no. 1: Science as Inquiry (Washington
D.C.: National Scicnce Teachers Association, 1983):and Smart School,
Smart Kids: Why Do Some Schools Work? by Edward B, Fisk (Simon &
Schuster, 1991.

17 Karen C. Smith, “Integrated Curriculum: Review of the Literaturc™

Bridge 3 (Fall, 1990):5-7 describes approaches to curriculum integration.

1% The Holmes Group and others call for going beyond covering
concepts to focusing on student understanding of concepts. Theodore Sizer
of the Coalition of Essential Schools says "less is more” in the curriculum.
See also “Rethinking Curriculum: A Call for Fundamental Reform”, 2 report
of the National Association of State Boards of Education Curriculum Study
Group (Alexandria, VA: NASBE, 1988).
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time, ctc. Anexampleof development would describe how
the students’ notion of temperature starts with polar oppo-
sites (cold or hot), then is a pre-conceptual notion having
an ordered series of states (cold, medium, warm, hot), to a
conceptual form made up of a system of ordered differ-
cnces {(colder, hotter), followed by a conceptual form
having measurable units and a benchmark.

Another exampie of the developmental sequence de-
scribes students’ initial confusion of bigness, weight, and
changes in position, e.g., “you are heavier when you're
(crouching) down” on a bathroom scale in which weight
appears on a scale of polar opposites such as heavy/light.
Next students see several intermediate states of weight —
light, heavy, “kinda heavy” but without relating all in a
seriation. Students have difficulty with relating aweightin
two directions at once to insert i, a series such as “it’s
heavierthan thisone but lighter than uiatone soit goes right
in between,” Next they understand weight as clearly
distinct from perceptions of size, and students conceptual-
ize a full serics of possible positions or differences in
weighton a scale using vectors such as heavierand lighter.
However, even though a whole weight when subdivided
into parts is understood as necessarily equivalent to the
whole, measurement units are not yet fully constructed.
Finally, weight is unitized and abstracted as a mathe-
matical concept — c.g., twice a double weight is equal to
four single weights, etc.'®

The trend toward teaching for understanding marks a
change from behavioral objectives specifying skills and
content to identification of the cognitive systems making
up understanding and their developmental construction.

B. CHANGES IN LEARNING

The nature of the leaming activities students are
asked to do is changing. Rather than pre-planning a
disjointed series of activities for students as in the text-
book example, the teacher using concept/process-based
science integrated the leamning activities into an overall
cycle of investigation which helped students construct an
understanding of the concept. To help students concep-
tualize their experiences with objects, the teacher asked
students themselves to do the conceptual work of initiat-
ing and organizing an understanding. The tcacher sepa-
rated leamning into two components: (1) experience —
what was experienced in hands-on activity and (2) con-

19 Piaget and Inhelder, Child's Construction of Quantities, ch. 2, 6,
1(%; and Jcan Piaget, Birbel Inhelder, and Alina Szeminska, The Child's
Conception of Geometry, New York: Basic Books, 1960) ch. 12,13

cepts — the conceptual system which students used to
organize and understand their expericnces.

The textbook activity attempted to simply give stu-
dents the concept of volume and it expected students to
use the concept of volume to experience or see the
displaccment of water. The activity was not organized by
students and it docs not let the teacher see or wark with
how students actually understand volume. The activities
are uncoordinated and one activity does not lead to the
following activity nor do activities build upon previous
activities nor is the sequence constructive. The activities
seem to presume that the concept of volume is somehow
made dircctly available and comprehended by students
from the demonstration and words. The textbook violates
rescarch findings which clearly show that there are many
constructive levels whichstudents rmust complete in order
to understand volume.?

In the concept/process-based science example, the
teacher did not have students follow a pre-cstablished
laboratory or hands-on procedure. Instead, the teacher
asked students to initiate, generate, and organize the
concepts in the leamning activitics. The teacher shifted
learning back and forth between the students’ developing
conceptualization and what the students experienced with
objects. The concept was constructed through a logical
framework which was visibly represented in the tempera-
ture scale.

The trend toward student constructive activity means
lecarning activities do not simply demonstrate or present
completed concepts but that students actively use their
conceptions and coordinate their own investigations to
actively explore a concept.

C. CHANGES IN INSTRUCTION

In the textbook example, the source of knowledge for
students was designed to be direct transmission by read-
ing about things or by sceing a demonstration with ob-
jects. The instructional method was that of transmission

2 For idcas of re.. sentational structures students’ naturally use, sce
D. Genter and A.L. Stevens (eds.), Mental Models (Hillsdale, NJ:
Earlbaum, 1983) or work on concept mapping. Piaget provides a very
precise, technical description of these ‘assimilatory structures® students use
which can form the basis for learning formats.

! Piaget and Inhelder, Child's Construction of Quantities, ch.3, 6,
12 and Jean Piaget, Birbel Inhelder, and Alina Szeminska, The Child's
Conception of Geomelry, (New York: Basic Books, 1960) ch, 12, 13,
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of completed knowledge to students. The instructional
method did not use students' constructive activity.

In the second cxample, the tcacher’s instructional
method used students’ own way of thinking. Theteacher
helped students construct a better understanding by
coordinating the learning processes into aninvestigation
cycle which shifted back and forth from the developing
conceptto more experiences withobjects. The instruc-
tional method actively followed students’ mental
constructions and was far richer than a simple
discovery method.

Concept/process-based instruction organizes
learning activitics into cycles to help students relate
their experiences to a conceptualization and to con-
struct a decper understanding. Thesc constructive
cycles help students move back and forth between
what they see (their experiences with objects) and what
they see with (their developing understanding).?

Learning or Problem-Solving Cycles

To change from transmission tcaching to student
construction means finding aninstructional method which
allows the icacher to coach rather th=-: present material,
The learning cycle is a method of coaching investigations
and constructions conducted by students. The simplest
form uflcaming cycle method might consistonly of three
very general steps such as explore, invent, and discover.?

In concept/process-based science, the problem-solv-
ing steps are the different uses or functions of students '
activity. Studying what has been written® and having
cxemplary teachers describe their instructional methods
reveals a rich variety of advanced forms of coaching
students. Rather than simply giving students objects and
haphazardly attempting to keep students busy by asking
questions or giving activities, advanced teachers seem to
follow a natural lcarning or problem solving cycle by
students. They sense how students naturally shift their
focus of attention and thesc teachers secem to become
coaches by posing cach step as a problem for lcamners to
address. Here is an example:

22 Sce John W. Renner and Edmund A. Marek, The Learning Cycle
and Elementary School Science Teaching (Portsmouth, NH: Heinemann,
1988). Steven J. Rakow decribes the leaming cycle in a useful Phi Delta
Kappan Fastback (#246) called “Teaching Science as Inquiry”
(Bloomington, IN: Phi Delta Kappa Educational Foundation, 1986).

23 For example, sce the SCIS 3 elementary science program (Hudson,
NH: Delta Education, Inc.).

Evaluate
Prograss

The teacher helps

Ganarate students to...

Interest

Rspresent

Understanding Find a

Problam

Formulate
a Plan

Gather Data
Describe and
Explaln
the Resulits

1. Gener: ‘2 Interest. Problem solving investiga-
tions might begin with an exploratory activity which
generates interest and motivation such as free explora-
tion, demonstrations of unusual phenomena, interesting,
ordivergent group activities. Particularly rich are major
societal problems derived from Science/Technology/So-
ciety (STS) materials such as the greenhouse effect,
endangered species habitat, old growth, etc. or enginecr-
ing problems derived from practical projects.”® The
tcacher might have two purposes in posing a problem in
this initial step of students’ activity:

* to explore a topic to develop an interest

* todisplay or test students’ initial conceptions or
limits to their understanding

2. Find a Problem. Next the teacher might help
students develop a more specific problem focus from

"

"4 Student as Worker, Teacher as Coach, 1s a viewers gutde for Re-
Leaming teleconferences (Morristown, NJ: Simon and Schuster School
Group, 1989) from the Coalition of Essential Schools. It includes a:iicles by
Grant Wiggins describing authentic testing and coaching students through
collaborative inquiry cycles.

% See Ray Hull, “Science, Technology and Society,” Science
Curriculum Paper #3 (Salem, OR: Oregon Department of Education, 1990)
for STS resources. For an Oregon program in the carly grades, sce Susan
Dunn and Rob Larson, Design Technology: Children’s Engineering (New
York: Falmer Press, 1990).
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disagreements cither from differing opinion or from an
acknowledged lack of information. Often teachers dis-
play diffcrent points of vicw on the board or chart paper
during a whole class discussion. Getting a display of their
thought helps students sce the limits of their understand-
ing and the problems they face. The following might be
the purposes for students’ activity:

10 clearly express a contradiction, disagreement,
gap, or limit of their knowledge

s 10 clarify a specific problem (need for facts)

3. Formulate a Plan. Once students clarify their
problem focus, the teacher may be thinking abdut how to
help students formulate a method for gathering data. The
concept/process-based science teacher might ask, “How
will you find out?” to help students proposc a plan. Atthe
primary level, rather than symbolic representations, stu-
dents might use physical models such as ordering objects,
for example, by tcmperaturc or weight, or by classifying
organisms by similarities as methods for investigating or
demonstrating something. During this step, activitics
might have these purposcs:

« 1o ideniify specific data gothering activities or
experiences (e.g.. library research, computer based
research. questioning expert.., experiments) which
will answer their question or need for infort “ation

» (0 organize a new method or one previous.y used (o
generate the data or experience

4. Gather Data. Camrying out a plan will involve
cxpericnces with objects or data sources in which stu-
dents’ hands-on activitics will act on objects to transform
them in some way through changing, modifying, group-
ing, comparing, or so on, Activitics becomc much more
individualized as all students will want to work with the
objects for themscelves. The purposes of this step might
be:

10 learn field and laboratory techniques 1o produce
effects or changes in objects

« generate and organize data or experiences

5. Describe and Explain the Results. After most
hands-on cxperiences, teachers usually help students talk
about the language; analyzc and explain as much of their
results as they can. The student purposcs in this step scem
to be;

s tofigure out whether the problem was solved or
question was answered

» to resolve discrepancies between their initial
predictions or conceptualizations and the new
evidence they generated

6. Fvaluate Progress. At some point, teachers
might help students return to their original position re-
garding a problem so students can re-cvaluate the wisdom
of their position in light of the increased understanding
they have constructed. This cvaluative return is espe-
ciallyimportant withaScience/Technology/Society (STS)
focused investigation, but sclf-cvaluation activities or
peer fecdback with ratings and supporting evidence can
help students sclf-cvaluate what was of value in anything
they accomplish. Two purposes for students’ activity
appecar important:

* toclose or shift a line of activity by comparing
accomplishments with original problems

* toidentify what is of value in what the students have
produced

7. Represent Understanding. Completed work
lcads naturally into rcpresenting that work in verbal,
graphic, project, or model form. Young students may
construct a modcl or drawing and use oral language to
present their findings. Intermediate students may do
simplc written reports with graphic modcls such as dia-
grams, tables, maps, drawings or charts. Any projects
including demonstrations, modcls, and vidco-tapes can
be noted in portfolios, displayced, or simply noted on a
student record. Teachers might help students to:

* close a unit or re-open a new line of investigation

= provide formal self-evaluation 10 appreciate what of
value they have constructed

In complex investigations, tcachers may repeat the
lcaming cycle and usc any degree of complcexity orlength
depending on the depth of an issuc. Leaming cycles are
driven by problem posing rather than assignment giving.

The teacher’s task is to help students take ownership
and responsibility for organizing their lcaming. The
teaching problem is not one of dctermining what to tcach
or what is devclopmentally appropriate but how to use
students’ activity so students construct the valued knowl-
cdge. Ratherthan present concepts, rules, orinformation,
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the teacher asks, “How cain I help the students put these
ideas together or find this information on their own?”
Concept/process-based science is helping students leam
to learn.

D. CHANGES IN EVALUATION

In the textbook cxample, the activities do not in
themselves reveal much about students’ understanding,
nor do the activities follow the thought processes of
students. Only after all activitics are completed does the
textbook establishanevaluation activity. Evaluationisan
add-on at the end of a serics of activitics, and it depends
on right/wrong, single answer tests.

But cvaluation of student growth is changing from
single answer, add-on teacher directed tests to methods
integrated into the problem solving cycle in which stu-
dents display how they are actually constructing and
understanding concepts. In the concept/process-based
science example, the teacher had a display of students’
understanding in the very first activity and could immedi-
ately work with their particular conceptualizations of the
situation. Because the leaming activities worked with

students’ constructions of the temperature scale, no add-
on evaluation activity was nccessary. The scales which
the students constructed and explained clearly showed
cach students’ development of understanding of the con-
ceptoftemperature and more generally, of measurement.

Concept/process-based science helps make evalua-
tion a student-owned activity so students can identify and
value what they have constructed, and evaluation helps
students determine what next to tackle in aunit. Concept/
process-based science transforms cvaluationin two ways.

* First, it focuses on reasoning and understanding
rather than singie answers.

» Second, it uses the stages of construction of
conceptual understanding as its scale.

26 The NWREL provides cxcellent evaluation resources and
bibliographies. See Judith A. Aner and Vicki Spandal, “NCME Instruc-
tional Module: Using Porntfolios of Student Work in Instruction and
Assessment,” (Educational Measurement: Issues and Practices 10 (1),
1991): 37-45; Rick Stiggins, “NCME Instructional Module: Design and
Development of Performance Assessment,” Educational Measurement:
Issues and Practices (Fall, 1987): 33.42; or the National Assessment of
Educational Progress, Learning by Doing. A Manual! for Teaching and
Assessing Higher-order Thinking in Science and Mathematics (Princeton,
NJ: National Assessment of Educational Progress, 1987).

I11. School Support

A. CHANGES IN SCHOOL SUPPORT

School management and restructuring can provide
essential support in the transformation of science pro-
grams toward concept/process-based science. Support
for transforming the curriculum involves materials, sup-
plics and equipment, and instructional time.

Program Materials

Schools can support the transformation to concept/
process-based science by providing a wide variety of
advanced programs, curriculum materials, computer net-
works, data bases, and leaming technologies for students.
These supports arc not add-ons to textbooks, but integral,
necessary components of concept/process-based science
investigations by students.

7 Scveral successful centers are currently operating in Oregon
(Multnomah County, Central School District of Monmouth-Independence,
and the Corvallis, Medford, and Lincoln County School Districts). Schools

Support

Schools can greatly encourage the change to concept/
process-based science by providing teachcrs withthe rich
resources of supplies and science areas necessary to
active hands-on experiences. Schools can provide sup-
port in several ways;

» Science kits — These provide all the objects, supplies, and
instructional matérials for a single unit of instruc-
tion. They are re-stocked and their distribution
coordinated by a central office but they have not
proven successful because science work space
remains a problem.?’

and districts unable to provide or join such a service must address the need
for supply replentshment and create a system which they are commutted to
sustaining. Release time or an extra paid day for a teacher to inventory,
order and distributc materials could be successful with administrative
cncouragement.
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« Science rooms — Very few schools are fortunate cnough
to have a scparate science room or hall area,
However, teachers can departmentalize so one can
specialize aind dedicaie a room to science.

» Science areas — Many schools can provide science areas
located on or very close to the school site. These
can be a pond, garden, environment center, green-
house, zoo area, weather station, ctc.

* Field laboratories — Oregon is rich in field sites and
instructional resources which can be developed into
field labs in conjunction with trips. For example,
science instruction can be developed to feature the
occan beach as a field site. Preparatory work in a
lcarning cycle can lead up to a ficld trip in which
time is used only for efficient and focused data and
specimen observations and stuly. These data can
then be used back in the classroom 1o complcte one
or more learning cycies.

+ Community resources — Muscums, businesses, libraries,
government agencics also provide rich opportunitics
. i . ol
as data sources for investigations.”

* ORNET — The computer conferencing nerwork linking
the Oregon Cadre for Assistance to Teachers of
Science (OCATS) science education staff develop-
ment leaders in the 15 instructional regions of
Oregon provides an opportunity for every school in
the state to share information (e.g., teaching ideas,
data, resources).%’

+ Informal (non-traditional) science programs — Pro-
grams like Hands-On-Science-Cutrecach (HOSO),
Scierce Olympiad, Saturday Academy, Family
Math and Famiiy Science, Oregon Muscum of
Science and Industry (OMSI), and Science and
Technology for Children can provide alternative
engaging activities.

Time Allocation

Schools can make powerful statements about the
valuc of science by insuring a large portion of clementary
cducation is devoted to the development of basic intellec-
tual capabilitics and learning processes through active
student learning such as concept/process-based science
programs. Allotting time for science teaching is a prob-
lem for many clemeitary teachers but in-depth inves-
tigations can provide a practical foundation for thematic
intcgration with other subjects and particularly whole
language programs.® Teachers must have support for
prioritizing instructional timc, preferably through a build-
ing or grade level plan whichis developed by the teachers
with the input of parents.  Although traditionally there
have been recommended allotments of time! for science,
schools which emphasize active, in-depth, integrated
leaming will devote most of the day to student investiga-
tory activity as distinct boundarics among the content
areas dissolve.

B. CHANGES IN STAFF DEVELOPMENT

Staff deveiopment is the essential clement for per-
suading teachersto “'do” concept/process-based science.
Staff development involves bnth helping teachers to de-
velop (1) anew understanding of concept/process devel-
opment in students and (2) the skills of successful corni-
cept/process-based teaching practices.

Teachers’ Understanding

For many tecachers, concept/process-hased science
instruction involves fundamentally changing their basic
conceptions of student leaming. Without opportunitics

8 Seethe helpful OMSI “Science Education Resource Direciory,

1986” (Portland, OR: 1986) for Oregon tesources or contact the Science
L:ducation Specialist of the Oregon Department of Education.
-

9 The Oregon Department of Education ORNET system provides an
intrastate computer conferencing rietwork that is also linked to agencies and
educators throughout the nation through PSInet, the national interstate
computer conferencing network.

30 See “Linking Literature with Scicnce” by Marlene Thierin
SuperScience, October 1991,

3 These standards come from the Oregon Department of Education
and the National Science Teachers Association.

32 Rodger W. Bybee provides an excellent overview of the changes in
science teaching in “"Contemporary Elementary School Science: The
Evolution of Teachers and Teaching” in Science Teaching: Making the
System Work, Audry B. Champagne, ed., (Washingtor, D.C.: American
Association for the Advancement of Science. 1988).
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for in-depth studv of concept/process-based science and
the new instructional micthods, tcachers may find it diffi-
cult to give up the traditional control they cxert over
students. ‘To help teachers make changes, staff develop-
ment programs themselves can be transformed from
simple, one-shot training sessions, in-service, or
coursework to extended, integrated, goal-based programs
which involve tcachers in active, long range, in-depth
investigations into tcaching and leaming,»

Staff developess can support tecachers by providing
extended, in-depth programs for teachers such as year
long coursework, regular tcacher seminars, or action
research. Staff development programs can be made more
powerful by narrowing their focus to study of the teaching
and leaming of the key concepts and processes to be
developed in students. In-depth, goal-based staff devel-
opment allows tcachers to become rescarchers, peer
coaches, and leaders in changing science instruction,

As with students, five factors appear important in
promoting teachers’ ability to understand and promote
the cognitive development of scientific understaniding in
students.

+ The first factor is teachers’ conceptual framework,
Consultants and researchers carn assist teachers by
helping teachers cxamine their own trameworks and
conceptions which shape how they view teaching
and learning. Staff development methods which
attempt to understand and work with qualitative
differences among teachers can support each
tcacher's unique neceds as well as common develop-
meat,

* Research experiences are a sccond factor which
contribute to teachers’ development. Research
cxpericnces which clearly display students’ misun-
derstandings of the concepts in the school curricu-
tum and show how students construct new under-
standings can provide pcwerful support for concept/

process-based instruction. Research on students'
conceptions can come from teachers' own class-
rooms, laboratory classrooms designed to provide
vidcotapes or direct demonstrations, transcripts, or
vidco-tapes provided by resource personnel.

*+ A third factor promoting teachcr development is
teachers’ acce.s to the most advanced research
literature and educational materials, Curriculum
laboratorics, presentations and conferences,
professional libraries, and computer access to ERIC
provide nccessary help to teachers as they re-think
lcaring and tcaching,

*» Tcachers need time for a fourth factor, dialogue
and discussion with colleagues. Having collegial
support and a supportive cthic for professional
dialoguc including dialogue on computer
conferencing networks makes the in-depth change
and development casier and safer for teachers.

* Reflection is an cssential factor because of its
special place in allowing teachers to focus on
understanding their own internal change. The first
four factors may provide heaithy stimulus and
support but self-reflection encourzages teachers to
re-organize their thoughts and find a clearer sense
of direction for their own development.

Teachers’ Practices

Parallcl in helping teachers develop a new way of
understanding student growth, staff devclopment pro-
grams can help teachers develop ne v tcaching methods
and skills.* Again, several factors appear important in
helping teachers make significant instructional changes:

* Teachers must be able to observe and study clearly
described and modeled conccjpt/bascd science
management and instruction.

3 For some basic references see D. A. Schon, The Reflective
Pracutioner, (Basic Books 1987); Georgia Mohlman Sparks-Langer and
Amy Bemnstein Coiton, “Synthesis of Research on Teachers' Reflective
Thinking" in Educational L>adership 48 (March, 1991): 37-45; and Judith
Warren Lule, “Nomms of Collegiality and Experimentation: Workplace
Conditicns of School Success,” American Educational Research Joumal 19
fm. 3, 1982): 324-340.

34 For programs directed to the development of teaching, see the
Texas Elementary Science Inservice Program (TESIP) based on the AAAS
Project 2061 and developed by James Barufaldi, P. Camahan, and Steven

Rakow, (Education for Economic Secunty Act Tide II, Project #00690401 -
04, Austin, Texas: Texas Educaution Agency, 1991). It provides five
modules and videotapes as an essential part of teacher development and 1
available from the Science Education Center-EDB340, U of Texas at
Austin, TX 78712. British teacher developers also report the value of
videotapes to teachers. The Holmes Group integrated staff development
into Tomorrow's Schools: Principles for the Design of Professional
Developmenl Schools. (East Lansing, MI: The Holmes Group, 1990)

Somc recently developed programs include Insights, Newton
Math, FFOSS, Science for Life and Living, Lifel.ab, and Kids' Network

Aruitoxt provided by Eic:
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« Teachers must have available discussion, support,
and coaching from other teachers.

» Teachers must have guidance and information from
expert teachers which is specific to their grade
level, topic, and materials.

« Teachers must have concept/process-based program
materials and scicnce objects available.

 Tecachers must have opportunities to experiment and
develop the new instructional methods.

Staff development services can support teacher de-
velopment, but they cannot be responsible forit. Teachers
themselves must control and evasuate instructional sup-
port services; the basic principles of concept/process-
based science call for empowering teachers as well as
students.

Elementary concept/process-based science presents
a model of human growth and a framework for educa-
tional practices. Empowering students by helping them

follow problem solving cycles of investigation helps
students identify and develop the key conceptual tools
and processes necessary in learning to learn. These same
principles of active investigation and construction of
professional understanding and techniques provide a staff
developr..2ut model for teachers.

By involving and empowering elementary students to
take ownership for their learning, by helping elementary
students focus on understanding basic concepts, and by
featuring the constructive processes of inquiry, clemen-
tary teachers can promote in all leamers the habits of
success and the capability of powerful leaming which are
so necessary in our modern, changing socicty*.

36 Margaret S. Klein and F. James Rutherford. Science Education in
Global Perspective: Lessons from Five Countries (W ashington, DC:
Amencan Association for the Advancement of Science, 1985), and
American Association for the Advancement of Science. “Science for All
Americans: Summary,” (Washington, DC: American Association for the
Advancement of Science, 1989).
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