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* Edwin B. Kurtz, Jr., American Association for the Advancement of Science,
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Science-A Process Approach (Commission on Science Education, 1965-66) is a
science curriculum for children in kindergarten (K) through grade 6. This curriculum
is sponsored by the Commission on Science
Education of the American Association for
the Advancement of Science, and is supported by funds from the National Science
Foundation. Materials for K to grade 3 have
been tested for three years in over 150 classrooms in 16 cities across the nation. Material
for grades 4 and 5 is now in the third year
of tryout, and material for grade 6 is in the
second year of tryout (Commission on Science Education, 1966).
The outstanding characteristic of ScienceA Process Approach is that children learn
how to do what scientists do (behaviors).
Thus, the facts and concepts discovered by
scientists provide only the vehicle for this
behaviorally based curriculum and are not
the goal of the instruction. Other unique
features crucial to understanding the place
of biology in the program are:
1. The published materials are for the teacher; there are no texts for children.
2. The instructional objectives are precise
descriptions of behaviors the child is to
demonstrate at the completion of each exercise; the goals of the instruction are not
stated in terms of the subject matter the
teacher will present to the children.
3. The behavioral objectives are grouped into
fourteen processes of science: observing,
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classifying, measuring, communicating, using
space/time relations, using numbers, predicting, inferring, formulating hypotheses, controlling variables, defining operationally, interpreting data, experimenting, and formulating models; the first eight processes are
emphasized in K to grade 3 and the last six
are emphasized in grades 4, 5, and 6 (Fig. 1).
4. The behavioral objectives comprising each
process are arranged in a hierarchy and each
objective in this sequence requires the learning of the previous behaviors (Gagne, 1965a
and 1966; Livermore, 1964; Walbesser, 1965
and 1966); biological or other science facts

Fig. 1. Child measuring by comparing lengths.
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Another curriculum study for elementary pupils, written for teachers, is described here.
The author is also Professorof Botany at the University of Arizona.

Table 1. A classificationof biological exercises by both science process and grade level. The numberof all exercises at each
grade level is in parentheses.These data will change slightly as the material is tested in classroomsand revised.
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and concepts are not the basis for the structure of this science curriculum.
5. The books for teachers consist of sets of
exercises arranged in the sequence prescribed by the behavioral hierarchy; each
exercise specifies the behavioral objectives
the children should acquire.
6. Each exercise consists of statements of
the objectives, rationale, materials, instructional activities which involve each child in
performing science skills, and an appraisal
activity used by the teacher to determine
whether the specified behaviors have been
acquired by the children.
7. In the tryout program, at the conclusion of
each exercise a competency measure is administered individually to three children
selected at random in each classroom; this
measure requires the child to demonstrate
the desired behaviors in a context not duplicating that used in the instructional
activities.
8. Revision of the exercises is based on children's scores on the competency measures
and information from teachers in the tryout
program; an exercise is considered acceptable when 90% of the children tested can
perform 90%of the tasks on the competency
measure for that exercise.
9. An education program for teachers has
been prepared on the same basis, including
statements of behavioral objectives for
teacher education, involvement of teachers

in the instructionalactivities,and assessment
of theiracquisitionof behaviors.
10. The process, Using Numbers, provides
instruction in mathematical skills required
for specific science exercises, particularly
those in Measuring,Using Space/Time Relations,and InterpretingData.
11. Otherfeatures are: use of the metric system of units and degrees Celsius ratherthan
degrees Fahrenheit; distinction between
mass and weight; and inclusion of exercises
from the behavioral science (optical illusions, learning and forgetting, competition
and cooperation,reactiontime).
One way to analyze the biology in Science
-A ProcessApproachis to identify the exercises of a biological nature which have behavioral objectives belonging to each of the
fourteenscience processes(Table 1). Biology
is represented in all processes, and 37%of
the 166 exercisesfor K to grade 6 use biology
as the vehicle for instruction. There are
many other exercises which provide experiences for the child in related areas: observing solids changing to liquids; observingthe
weather; observingsound, color, odor, taste,
texture;classifyingsolids, liquids, and gases;
measuring length, area, volume, weight,
mass, temperature, speed, rate of change,
force.
A detailed description of the biology in
this science curriculum requires specification of the behavioral objectives and the

Biology in Science-A Process Approach.
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1Abbreviations used in this table and also Table 2 are: Obs, Observing; Cl, Classifying; S/T, Using
Space/Time Relations; Comm, Communicating; Meas, Measuring; Pred, Predicting; Num, Using Numbers;
Inf, Inferring; ID, InterpretingData; CV, ControllingVariables; DO, Defining Operationally;FH, Formulating
Hypotheses; FM, Formulating Models; Exp, Experimenting.
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Table 2. Summary af the behaviaral abjectives and cantext far same af the exercises af a bialagical

nature in Parts 1

'Numberof
exercise in each
Part and science

What the child should be able to do at the end of the instruction of each exercise

process

z
csQ
QZ

4-Cl

2-S/T
)

8-Comm

12-Meas

23-Pred

Part 1 (for Kindergarten)
Identify an object and construct groups of objects on the basis of color, shape, textur
and size.
Construct one-stage classifications of objects using characteristics
someone else; state the criteria used for the classification.

selected

by himself
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3-Obs

Part 2 (for Grade One)
Identify, name, and demonstrate symmetry of objects; state and demonstrate that som
objects can be folded or cut in more than one way to produce matching halves.

Name properties of an object (color, length, shape, symmetry, texture, odor, and so o
so a second person can identify the object.

Part 3 (for Grade Two)
Estimate linear dimensions of objects in centimeters, decimeters, or meters; observe
object of a known length or width and name a familiar object which is approximately t
same length or width.

Demonstrate a method for collection and organization of data; construct a bar graph fro
the data; state a prediction based on the data in the graph; state how the predictio
could be tested.

Part 4 (for Grade Three)

Distinguish between an observation and an inference; construct inferences from availabl
evidence of relationships between animal tracks and characteristics or the environment
which the animal lives; demonstrate that inferences may be altered by additional observa
tions.

9-Obs

Identify stimuli in the environment of an animal; identify responses of an animal to
stimulus.
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4-Inf

Part 5 (for Grade Four)
Describe changes in the performance of an animal that indicate learning has taken plac
construct a graph showing changes over a period of time.

t

1-ID

ao

2-CV

Identify variables in an activity in which water moves within materials; identify variable
which are manipulated or are held constant; state and demonstrate that water move
upward in some materials faster than in others; identify materials which have great
water-holding power than others.

12b-ID

Namiie a property to be measured as a means of describing variations in a population
dc monstrate a procedure for measuring the property and for ordering groups of measure
nments; construct a graph of the frequency distribution of the measurements; state an
apply a rule for finding the mode, median, mean, and range of a set of data, and identif
each of these numbers on the graph.

>

_________

m

CO

14-DO

Idlentify, using a microscope, the small units of varying size and shape that make up livin
things; draw representations of these units; construct an operational definition of a cell
descriptive terms.
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discussionof the organizationand content of
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MPh and AD degrees, science for the nonmajor, problems faced by transfer students,
BSCS programs,etc.
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biological context within which the child
acquiresthe behaviors (Table 2). By relating
the biological context used to the behavioral
objectives of the exercise, one may picture
what the child will be doing in the classroom. The behaviors which a child must
have acquired previously in order to learn
the behaviorsof each exercise in Table 2 are
specified in the hierarchy for each science
process. A suggestion of these relationships
is provided by the position of each exercise
of a biological nature in the set of exercises
for each grade.
Although the books for grades 5 and 6 of
the 1966-67experimentaledition are still in
preparation,it is apparentthat the fifth and
sixth grade child will have ample opportunity to work at a sophisticatedlevel with biological materials in this science curriculum.
Most biology courses in the past were
factually and conceptually oriented. Hence,
it should appear unusual to have a science
curriculum described in terms of student
behavior and not in terms of facts and concepts to be told by the teacher.Yet for many
reasons (Gagne, 1965b; Walbesser, 1965),
this kind of curriculumdesign has much to
offer. Indeed, this approach to curriculum
design should also find application at the
secondary and college levels (Kurtz, 1965;
Walbesser,1966).

