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PERSISTENT PROBLEMS IN PRECOLLEGE MATHEMATICS, SCIENCE,
AND ENVIRONMENTAL EDUCATION: ISSUES, TRENDS, AND RECOMMENDATIONS
Robert W. Howe, Patricia E. Blosser, Marilyn N. Suydam,
Stanley L. Helgeson, and John F. Disinger
ERIC Clearinghouse for Science, Mathematics,
__ and Environmental Education;
Ohio State University; Columbus; OH

‘We are currently 1living in a worid and a nation that have changed

substantially during the past 30 years: Major changes have taken place

in our pociety and culture; and the societies and cultures of many other
nations of the world.

The events of the past 30 years have created what has besn cailed

an emerging post-industrial society, an information age, and a period of
historic economic transition. The conditions creating these changes are
based; in part; on the amount of information available, new technologies
for processing and using knowledge, and a marked decrease in time between

scientific discoveries and their widespread application:

There have alzo been substantial changes in the scientific enterprise.

The boundaries between science and technology have become less distinct:
in many cases, science and technology have become integrated systems for

research and development. Scientific research has become increasingly

problem-oriented, rather théﬁ,aiscipiineeoriegtgd; Much of the research
at the cutting edge of science involves people from several disciplines
and has led to the development of new sciences. Societies are increasingly
looking for benefits from science in additicn to basic knowledge; people
are concerned with the improvement of the quality of life and the reduction

of human problems and suffering.

Science is also having an increased impact on socisty. As socleties

Place increased emphasis on the use of science and technology for improving
the quality of 1life, important values and ethics emerge that relate to

decision-making regarding how science and technology should be used in
attempts to improve the quality of life. As scientific knowledge is

transformed into technological appiications at an increasingly rapid rate,
impacts on the agricultural; industrial; and service sectors of the world's
economy are extensive. The social and economic changes now set off from
these impacts are profound and far-reaching.

Needs have also been changing related to mathematics. With major

changes in business, industry, and technology, different mathematicai

knowledge and skills are needed: Much of the mathématics frequently taught
in the elementary school can be done with calculators and computers: New
technologies and problems to be solved now reéquire mathematical knowledge
and mathematical skills that are not includéd or not emphasized in the

precollege curriculum.
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~ Problems related.to the environment and the natural resource base
contiiue to confront society. Air, water, and land pcllution problems are

featured daily in our newspapers, magazines, and television programming.
Use and management of resources continUe to be major national and
international issues. Many personal and societal decisions are being
made and need to be made related to these topics: substantial information

is required by citizens if these decisions are to be made wizely.

... Our current understanding of how éﬁiié%éﬁf@éi?ﬁ; how curriculum and
iﬁétructionaifmatg:ialé can be organized, §gg;how teachers can provide more

effective instruction makes us capable of producing important reforms of
educational programs and practices: Implementation of this information

should modify our choice of content for the curriculum, the design and
structure of instructional materials, the use of instructional materiais,

instructional strategies used by teachers, learning strategies used by

children, and evaluation purposes and procedures. We have the oppor tunity

to make progress in developing solutions to several persistent; continuing

problems in science; mathematics, and environmental education.

This chapter considers issues, trends, and recent activities in

science; mathematics, and environmental education related to (a) achievement,
(b) curriculum, enrollments, and instructional materials, (c) instruction,
and (d) teacher quality; supply, and demand. 3in addition, recommendations

for needed action are identified.

Achievement

_ - Data obtained from a variety of studies by individuals, states,

national groups, and international groups indicate that students are not
learning knowledge, concepts, skills, and processes as well as desired.
In addition; internationail comparisons indicate that a large majority of

American students do not score well on achievement tests in science and
mathematics compared to students .in other countries. while there. have
been some increases in test scores in recent years; the gains have not
been large. .Scores for able students (especially those pianning to go into
science and mathematics careers) have remained more stable. Some indicators
have shown these students to be making gains: Achievement scores for blacks
and minorities have shown improvement, especially in lower grades, but

8till lag behind those for white students. Scores for females are lower

than for males by the time they graduate from high school.

Data have indicated an upward trend in mathematics achievement during

the 19808, but results are mixed, both on topics tested and achievement
by students from different geographical areas. Test data indicate that
students generally score well on computation, especially whale numbers,

and low on problem-solving;, applications, and problems involving more
complex mathematical skills. Many students also do not master the use
of fractions and decimals and do not understand concepts related to
measurement, especially metrics and geometry.
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Tests administered by various states and professional groups do not

shov student achievedent patterns or achievement gains that are similar
across geographical areas. Achievement varies substantially from state to

state and within many states. Progress being made to improve achievemert

These student achievement patterns on mathematical topics and across

geographical areas are not new: Data analyzed for the past 30 years indicate
similar patterns. Reasons for these trends, some effective intervention
approaches; and recommendations for future action are presented in foliowing
sections.

_____Science achlevement scores show mixed results; depending on the
instruments analyzed. In general, elementary level students have shown
Blight gains in recent tests, while most secondary schooi students have

shown declines, though students planning to major in science or mathematics
have generally shown stable scores or slight increases: Student scores in
science have conristently indicated iowest achievement on items related to
physical sciences; problem-solving; and applications: Some tests have shown

recent declines on earth science and integrated science tcpics.

Comparisons of student science achievement patterns acrogs geographical

areas show differences, as in mathematics. While fawer data are available
for making comparisons in science, achievement materials analyzed indicate

substantial differences from state to state and within most states. Drogress

being made to improve achievement also shows substantial variation.

As in mathmatics, these achievement patterns are not new: Science

achievement patterns have indicated similar results for many years. Reasons
for these trends, some effective intervention approaches; and recommendations

for future action are presented in following sections.

Students frequently develop misconceptions related to science and

mathematics that are not corrected by current instruction and instructional
materials. The same errors tend to be made at several different grade

levels and; in some cases; persist through high school. These misconceptions
frequently interfere with later learning and with effective problem-solving.
Research is being conducted to identify some key misconceptions and to :
design intervention strategies; some useful suggestions for modification of

curriculum, instructional materials, and instriction are now availabie.

_____Many students become less positive in their attitudes and interests
toward science and mathematics as they progress through school; by grade eight
students frequently rate science and mathematics among their least favorite

school subjects. Elementary and high school students also frequently rate
the two subject areas among the Bost difficult subjects they study. Academic

success generally correlat2s significantly with positive attitudes and
interests. Instruction that leads to student success, hands-on activity or

"doing" activities; and working with other students and is conducted by an
energetic; interested teacher is frequently aesociated with students who

have more positive attitudes and interests toward mathematics and scierice.
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While the data are limited, it has been found that student knowledge

and understanding of many concepts related to the environment are not

strong. Items included on National Assessment of EZducation Progress (NAEP)

tests and other tests indicate that students do not understand concepts

such as those related to pollution, biological cycles, population issues;
and natural resources (including energy scurces). The low knowledge level
that many students possess makes it difficult for them as students (and

later as adults) to make rational personal and Societal decisions regarding
the environment.

A_number of variables that relate to low and high achievement in all

three araas have been identified through research and will be considered.
Some schools are using interventions including these variables; in other

cases more research, developument, and impiementation activities are needed

to move the research into practice.

. Some caution needs to be used in analyzing test data. Comparisons

of tests and textbooks/curricula indicate a substantial discrepancy between
many of the textbooks/curricula and the content and the emphases of many of
the tests. Comparisons of tests with classroom instriction also indicate
substantial differences between what occurs in the classroom and the content
and emphases_of many of the tests: Thke tésts are not measuring ail that

has been learned; hence, the contents of tests used for evaluation and

research should be examined to be certain that what is being measured is -
the knowledge, skills, attitudes, and values that are beiieved to ba
important.

Curriculum, Instructional Materials, and Enrollments

- Among the strongest variables related to student achievement are:

(a) amount of focused time and use of time for desirad learning; and

(b) the extent to which the desired learning is emphasized ii different
years. Therefore, the curriculum, instructional materials, and student
enrollment in courses should be a major focus of efforts to improve science;
mathematics; and environmental learning.

Curriculum and Instructional Materisls

. Reports from inside and outside the education community agree that

substantial changes should be made in both the curriculum and instructional
materials to reflact current and future personal and societal needs, new
technologies, and recent research on learning.

There is general consensus that the curricula in all three areas, but

especially in the fields of mathematics and science, do not reflect our

current socisty and societal needs, do not provide the conteint needed for
current and future academic and personal needs, do not reflect our knowledge
of learning and instruction, and are not considered relevant by many
stiudents.
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Since a §§g§§§§g7;§7£ﬁé primary tooi in instruction for most mathematics,

science; and environmental education tvachcrs, there is substantial concern

that materials be available to impiement needed curriculum changes. Recom-
mendations are unlikely to be impiemented without appropriate instructional

materials for the teachers to use.

aata indicate that materials with different content; content organization,

skili:emphasis, psychological order, and format have different impacts on

student achievement.

way arithmetic is taught in school and the way it is used in real 1ife,

the over-emphasis of time on skills that are now learned best (fcr example,

computation and recognition), lack of application and problem-solving

experierces; lack of time for topics and experiences that p2ople believe
should be in the curriculum,; lack of use of cognitive research for

determining order and procedures for teaching concepts and skills,L and

a_fragmented secondary school curriculum. The National Council of Teachers

of Mathematics and other groups have taken the initiative to change these

conditions.

The need to redevélop curricila to reflect the changing_ Eééééféf Eéé%é?i,

and to incorporate the new techniques and processes made possible by . computers

and calculators has ‘led to a number of wide-scale funded projects, as well

as to state and local efforts. The development of numeracy=-an. understanding

of mathematics and mathematical procedures--seems imperative, and the need

for restructuring of traditional secondary school courses is evident: Such

courses should include but not be limited to algebra, gccmetry, and general

mathematics; so that technology is used as._a .vehicle of instruction rather

than an end in itgelf.. Modifying the content. of ciementary school matnematics

programs is also a goal of curriculum deveicpment efforts. Decreasing the

emphasis on computation while. increasing the emphasis on estimation,

probability and. statistics, geometry, and other vital but neglected topics

is being stressed. Deveioping understanding as well as skill with fractionms,

decimals, and_other number ideas is similarly needed. Increased emphasis ig

being given to the need for more stress on problem-solving and applications

inispecific situaticns to improve problem~solving and knowledge use and.

transfer. Research information on cognitive learning can provide suggestions
for ways to organize and to structure the curriculum.

ctional Materials

"Instructional" materials in mathematics conjures up the image of a

vast array of material devices and other articles to aid in teaching mathe-

matics: blocks; the abacus; Cuisenaire rods, chip traiing games, spinners,

as well as c~lculators ~nd computers. Reality, however, is something else;

textbooks and tests. predominate. The use of nontextbook materials is the

highest in first grade and the percentage of use generally decreases as

the grade level increases.
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The evidence on the value of the use of manipulative materials is very

Clear: they have a high probability of increasing achievement and appear to
be essential in providing a firm foundation for developing mathematical ideas.
Many studies provide at least partial support for the use of materials in
stages progressing from concrete to pictorial to abstract or to symbolic.
The use of either or both physical and pictorial aids results in significantiy
higher achievement than when only symbols are used. Correct use of objects

and paterials is also important.

However, analyses of textbooks and tests indicate substantial diversity among

textbooks, among tests, and between textbooks and tests. Emphasis on concepts
and skills recommended by various associations and groups differs substantially

among texts and tests.

- Use of calculators and computers is increasing, but the number of
class-ooms in which either or both are being used an adeguate amount of tide
is low. Data from more than 100 studies involving the use of calculators
strongly supports their use for saving class time and student time, increasing
achievement; and improving student attitudes toward mathematics and the
student's self-concept with respect to mathematics. Computers can also
provide instructional benefits; mathematics tsachers neud to incorporate

computer applications more meaningfully into mathematics instruction.

Mathematics--Time

__ among the strongest variables related to mathematics achievement are
(a) amount of time devoted to the objectives of instruction, (b) number of

courzss in mathematics a student has completed, {c) use of the concept or
8kill in applications and problem-solving; and (d) recency of tha instruction
related to the objective.

Providing more time in the elementary school curriculum can probably be
accomplished best by a reduction in paper and pencil computation and the ‘
increased use of hand-held calculators: This would alsc have an impact on the
sequence of instruction; approaches used in teaching, and content selected for
inclusion in the curriculum.

Time devoted to application and problem-solving experiences is substan-
tially less than what is required to develop effective skills and understandings.

Time can most likely be obtained at lower grade lavels by using tools such as

the calculator and by modification of whit is taught. Time can be gained at the
secondary level by using 7alculators and coliputers and modifying the curriculum.

Modifying the curriculum for secondary school students should incilude developing

courses for all students and developin 7
planning to major in engineering, mathematics; and the natural Bciances. Data

indicate that the average graduate from high school has completed between two

g special courses for college-bound students

and three years of high school mathematics (out of four years). While about 70%
of students pursuing academic programs have completed three years of mathematics,
less than 30% of the general and vocational students have completed three years.
These data suggest that requiring more courses without modifying the curriculum

will not provide appropriate mathematics experiences for either group of students.

5




SciencegCurriculum

While there is substantial debate regarding the desired curriculim
for science; consensus is developing that the science curriculum needs

to be modified to (a) include more emphasis on problem-solving, decision- -
making; applications, technology, societal issues; and the physical

sciences; (b) reflect current understanding of the nature of the learner

and of learning; (c) increase the amount of time available for instruction;

(d) provide appropriate experierices and courses for all students; (&)

increase the use of technology; and (£) reduce the breadth of content to
allow for more depth.

] The current curriculum in most schools does not reflect these directions;
hewever, activities at national; state; and local levels are evident. The
American Association for the Advancement of Science, the National Scieance
Teachers Association; several state departments of education, and the
National Science Foundation are among groups leading in efforts to modify

the curriculum.

Major efforts to date have focused on increasing the emphasis on
technology and societal issues in the curriculum, increasing the amount
of ecience requirsd in the curriculum for college-bound siudents and some B
other students, increasing the emphasis on problem-solving and applications,
.and increasing the use of technology. Several state and local curczicula

reflect these emphases, and others are following.

There have been conferences to consider more fundamental changes in

the curriculum. Recommendations have been made by various groups, and work

18 underway to study and to implement some of the proposed changes.

cexInStructional Materials

Scieiice instruction can involve many materials, as in mathomatics;

however, reality in science is the same as in mathematics--textbooks and
tests predominate. The use of nontextbook materials appears to be the

highesc in lower elementary grades and upper secondary grades.

____The evidence for thoc value of the use of manipulative materiais in

science is similar to the findings reported for mathematics: Activity-

oriented programs that use manipulative material are gensrally more.

successful in promoting student achievement in the use of science process
skills, creativity, and higher cognitive skiiis: Proper/effective use
of materials is also important in science. _Cognitive learning research
has provided a number of suggestions for the order of using materials
and the ways of using materials: Most practice clearly does not reflect
available research.

Textbooks and tests become thes curriculum for moSt schools. As in

mathematics; there is substantial diversity among textbooks, among tests,

and between textbooks and tests. Emphases on concepts, akills, attitudes,

and values recommended by various professionil associations and groups

9
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differ among texts and tests. The impact. of cognttive learning reeeerch
on science textbooks has been minimal. aArticulation between textbooks,

even within some series; is not strong. articulation between secondary

science courses frequently does not sxist: While there have been recent

confexances involving vartous etekeholdere on weye to corzect these end

the discussion, planning, end pilot stages.f Recent end current research

regarding use of materials has the potential for guiding substantial change

in the development and use of materials.

Science--Time

. ﬁmong the Btrong variables related to sclience achievement are. .
(a) amount of etmtphasis devoted to the objectives of inetruction, tb) the

number of courses in science a student has completed; and (c) recency of
the instruction related to the objective.

Providing more time for science in the lower elementary school

curriculum can probably be accomplished best. by integrating ecience

experiences with other activities such as_ writing, reading, art, physical

aducation; and health. 1In tie npper elementary grades and many middle

8chools; more time would clearly help to echieve desired objectivee,

modification of the curriculum, however, could meke the curriculum more

efficient and effective. Data. indicete thet ebout 50% of graduating high

school students taite no ectence after grade 10 and no physicel science after

grade 9; Increased time is being obtained by requiring students to taie

more science courses; theee requirements raise the gquestion of what science

students should take. Modification of the secondzry school curriculum is

ciearly needed if these courses are to be appropriate.

Some time can be geined by use of tec1nology and simnlations in_

ecience laboretory acitivities to allow more time for. problem-solving and

decision-making experiences; research consistently shows that most ecience

instruction is not successful in achieving these goals at desired levels.

Envirc dent--Curricu’um

Environmental education has found no discrete place in the curricula

of most schoois; but elements of it (renging from classical "nature study”

through outdoor education. and t*editionel conservation education) continue

to exist in many localities: Current emphaees in environmental education

focus on interactions between end among science, socliety; technolegy; and

environment, calling for input from the natural sciences; the social sciences;

and the humanities, but theee are not yet generally implemsnted. ,?§§4§EJ9§”
diffirulty continues to be finding a plac2 for interdieciplinegy;instrgction
within school organizational patterns which are in large part along disci-

plinery lines, at least in departmentalized seccndary schools. In the case

of self-contained elementary classrooms; a lack of teacher eduzation. in.

the interrelationships ameng science. eociety, technology, and environment.

and ir. the pertinent basic content areas themselves, remains a practical
problem.

10
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nstructional Materials

_ There are few if any textbooks; at any grade level, which deal with
science-technology-society-environment interrelationships, as well as a

corresponding deficiency in numbers of texts in the more traditional aspects

of environmental education--nature study, outdoor education; conservation

education. The environmental education community bas, however; developed

and made available a number of teacher-oriented guides and modular-type

instructional materials, with the expectation that they can and will be.

inserted into existing curricula in many areas, particulariy the sciences

and social studies, as appropriate. These materials range from traditional

areas to the more modern ones. These modular materiails are being used for

instruction primarily by science and social science teachers. The materials

alsc are being used for curriculum development by science educators who wart

to increase the amount and focus of material in the curriculum on science=

technology~society.

As implied above, the general pattern for time spent in instruction

in environment-related areas iz minimal. As a generalization; few schools
teach "environmant” as a discrete area; such a situation is likely to arise
only in the case of the elementary teacher who has a particular interest,
or of the secondary teacher (usnally of sciénce, less frequently of social
studies, and rarely of other disciplines) who has a particular interest

and a local opportunity.

However; the inclusion of environmental topics; such as in courses

related to. science-society-technology, is an expanding area.. Many of the
societal concerns inherent in science-technology-society considerations are

in Zact environment-based and/or contingent on envirommental considerations.

Thus, the growing thrust to emphasize "environment” in such courses is
increasingly evident.
Instruction and Classroom Climate

During the past 20 years there has been an increased amount of fessarch

related to classroom instruction and learning. In addition, many of these
studies have been reviewed and synthesized to provide strategies for the
application of research to practice. From this research; variables related

to increased learning and achievement have boen identified:

_Among the strategies and variables that have been reiated to increased.

achievemant are: (a) homework assignments; (b) low absenteelsm; {c) corrective
measures for errors in learning; (d) high teacher expactations; {(e) teachers!'

confidence that they can help studeats; (f) academic time; (g) engaged time;

(h) classroom organization; (i) feedback on learning: (j) questioning

techniques; (k) mastery learning; (1) congruence of instructional matevials,
instruction, and evalvation; (m) wait time; (n} cooperative learning
techniques; and (o) procedures to help students constrict knowledge and to
el{minate misconceptions. :

11
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There is a aé&iiéﬁiﬁé,éaﬁééﬁéﬁé that recent research efforts provide

kﬁéﬁléaéé,&ﬁaﬁf,iéié@iég;iﬁéliééining that can make a substantial impact on
instruction. Some of the information is currently being applied; further
work is needed to translate more of the informstion so that it can be used

in practice and to determine effective combinations of variables to use.

While most of the recent and current instructional improvement efforts

have been at the elementary school level, secondary school students and

bPrograms are being included.

The Effective Schools research provides directions for school building

and classroom practices that can help to improve student achievement. Data
from over 100 studies and reports indicate that staff who incorporate the
recommended practices into their school programs can usually expect to
obtain higher student achievemeut. The extent of the gains appears to be
related to {(a) the extent to which the recommended practices are implemented;
(b} the congruence among the goals, instruction, instructional materials,
and evaluation; and (c) the amount and quality of time devoted to the
assessed objectives: References to these studies are included in two
publications in the "References" on effective/successful schools (Howe &

Butts; 1986_and_Kyle, 1985) and the publication Research within reach:

Science education (Holdzkom & Lutz, 1985).

_Meta-analysis studies and other secondary analysis efforts have yielded

gain obtained by use of a specific strategy or combinations of stratagies,.

and the percentage of studies in which positive gains were obtained by
eXperimental groups. Observations of a large number of mathematics and

science classrooms and reviews of research studies indicate that many of

these practices are not being used or, if they are being used, they are not

being used in effective ways. Effective use of appropriate combinations

of these strategies should produce significant achiavement gains for most
teachers.

Recent research has developed a betteér understanding of how students
construct knowledge and develop or change misconceptions. While this is

5till an emerging research area, knowledge has been gained that is usefui

for modifying many current instructional practices. _Learners develop

conceptual frameworks or models that depend on understanding specific
subject matter; if the subject matter is not understood; then the student

will likely Jevelop gome misconceptions. Research data indicate the

importance of teaching to_reduce misconceptions at the elementary school

level so that students learn reasonably correct concepts and models. Very

few schools are doing much to teach students how to learn and to help them
avoid misconceptions and correct those that they have.

A”éﬁ§ﬁ§ériﬁ emphasis and modification of many preservice and inservice

programs is clearly needed if schools are to implement the data 'identified
in this section. Mcst teachers are not aware of current information and

procedures to use to implement the instriuctional approaches.

12



Teacher Quality, Supply, and Demand

Developing and maintaining a sufficient number of qualified teachers
has been another persistent problem.

The amount of science and mathema.ics course work taken by elementary

school teachers has not changed appreciably during the past 25 years;

most have had three or fewer courses. in science and two courses or fewer

in mathematics as undergraduates. Few eIementary teachers have taken

additional coursework in science or mathematics after graduation.f Very few

problems.

The preservice preparation of most primary grade elementary school

teachers is -not. 1ikely to change substantially in terms of credit courses

in science or instructional procedures for teaching science. While pre-.

service programs for these teachers should focus on our current knowledge

of instruction and knowledge of science, inservice education programs need
to carry the burden of helping primary grade teachers.

Many schools are again looking for science speciaiists for upper

elementary grades and middle schools. . Programs have been deveioped by

some institutions to. provide for the needs of these toachers and other

institutions are in the process of deveioping such programs. The National

Science Foundation pians to suppoert several model programs for the preparation

of teachers at the middle school level:

chemistry and physics teachers middle school or - junior high science and

mathematics teachers, or earth science teachers during the past 20 years.

The teacher shortage has usually been in areas of rapid population growth;

inner cities, and rural areas, and continues to be primarily in these
areas at this time.

Developing and maintaining a suppiy of qualified teachers has become

more severe as other vocations have attracted women; an. increasing salary

differential has developed between teaching and. other. careers requiring ~

similar preparation; the work place has been viewed as less than desirable,

and teacher status_has decreased: Attracting peopIe (both fien and womien)

to the teaching profession and getting teachers who have left the classroom

to return has become more difficult.

3mong the soiutions being proposed and tried in order to retain and

to recruit teachers are: (a) increasing all teacher salaries; (b) providing

differential pay for teachere in rhortage areas {(gecgraphic) or content areas
(subject); (c) developing merit pay programs; (d) developing career ladder
programs, (e) providing modified work schedules for teachera; (£) providing

outside their regular teaching fields to teach. mathematics or science,,e,,
(h) waiving certification requirements for teaching; (1) deveioping special

programs for preparing teachers in shortage areas; (3j) developing forgivable

[y
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loan programs for people who prepare to be teachers and teach in a specific
state; (k) improving the working conditions in schools; and (1) improving

the image of the teacher in the community.

- Articles have been written by proponents of and by detractors from

various programs on philosophical as well as perceived or real operational

problems. Some relevant research has been reported,; but the results of

specific efforts are difficult to assess at_this time since very few

programs have been in cperation for a substantial time and, in many cases,
combinations of solutions are being used. Data available indicate that
few simple solutions will attract a sufficient number of well-prepared
teaghers. Those states and communities that are having success in reducing
teacher shortages and maintaining or increasing the quality of the teaching
staff are using several approaches. It is also evident that some solutions

such as loans; improved school climate, and teacher recogntion requirs

time before they have an impact on staffing.

_ These actions to recruit, retain, and reassign people are taking place

at_the same time that many educators believe our capability of developing
more effective teachers has increased. The growing knowledge base regarding
useful content knowledge, pedagogical knowledge,; and effective instructional
skills has again raised questions regarding the kind of education and training
a_teacher should receive. Efforts are currently underway in several states,

colleges and universities; and communities to design preservice and insarvice
programs that build on existing knowledge.:

Preservice and inservice programs need to considér what subject matter,

content knowlege; and competence teachers need to have, and not what science
courses a teacher should have or the requisite number of hours in_science:
These programs also need to focus on instriction that is useful for achieving

specific objectives and the probable impact of the use of alternative

prccedures and strategies on pupil achievement and attitudes.

_Programs also.need to be developed to hélp prospective teachers.and

inservice teachers understand how knowledge is constructed by the learner
80_that they can become better self-learners and can be more effective and

efficient in selecting content, designing instruction, and evaluating
student learning.

Priorities for Action

. If the precollege programs in mathematics, science, and environmental
education are to develop students with knowledge, skills, and attitudes =

that are needed, substantial reform is needed in curriculum, in instructional

materials; in teacher education, and in instructional programs. Some

needed activities have been identified in previous sections of this chapter:

Most of the major problems identified have been persistent problems in

education. Approaches to alleviate these persistent problems will require

Soundy |
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Commitment to long term efforts and willingness to modify past practices

in very different ways: There are some activities that deserve priority

attention.

N _C .

There is substantial consensus among a broad public that the curricula

been well delineated for students‘ current and future needs. Most current

curricula do not reflect the present state_ of science and mathematics; the

“information age;" cognitive research on_ 1earning .and instruction, and the

effective use of technology as it relates to the curriculum. ?robiem-sotving,

decision-making, and applications are not stressed: Interdisciplinary

groups should be estabiished tmmediately to develop suggested frameworks for

consideration by a brrader public. These fremeworks can provide direcition

for the other needed activities. Without a good curricular framework many

InstructionallMater

] Since over 90% of the instruction in the United States in sciernce and
mathematics is based on textbooks; modification of instructional materials

deserves high priority. Priority should be given to materials for upper

eleémentary grades, middle schools; and courses for senior high schooi

nonscience majors. Reasons for these recommendations are extensive, but
a few will be highlighted.

Students begin. developing their conceptuai understsndings, interests,

attitudes; vaiues; and skills in the elementary years; many studies have

shown students at these age levels are not deveIoping cognitiVely ‘and

achieving as desired. Success for these students is important and materials

that wizl heip promote Buccess can be developed.f Many students make their

decision to take science or mathematics in secondary schools based on their

expeziences in the upper elementary and middle school years, a large number

Science materials for the nonscience majors are also needed. One. of

the few widespread reform actions that has been taken in many states has

been to increase the number of courses in science or mathematics required

for high school graduation or college admission. This action wili have.

little impact on science and mathematics majors; they are already taking

the required number of courses. It will have substantial impact on those

students going to colilege who are not majoring in mathematics or science

and_for those students not going to. college. . Different courses shouId be

developed for many of these students. Our priorities do not imply that

other materials are not needed. Research data, school program development,

state regulations,; student enrotlment petterns and analyses of existing

materialsisupport the strong need for efforts at these priority levels.

The National Science Foundation's recent program related to middle schools
is baginning action on some of these needs.

S |
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Materials developed should reflect the curricular framework estab-

lished (see curriculum recommendstion), be based on available cognitive

learning research; bea designed tc make effective use of availabie technology

({caicutators; computers. and so forth), emphasize problem-solving and

decision-making, emphasize how to learn, and be activity-oriented.

Isschereguality—and—Supply

Action is needed to maintain and to improve the quaIity 6f both

inservice and preservice teachers. The teecherlisfnsuallygconsidered

the key to student success. Priority should be given to developing strong

inservice programs to provide assistance and instruction directly related to

the teachers' instructional. responsibilities. Programs should be developed

by local schools to meet. local needs. State and federal support; however,

should be provided on a continuing basis to assure that inservice programs

are maintained and to help balance economic differences among communities:

Evaiunation should be required ‘to identify program impact on. students and

to improve progrems.f Developing good inservice programs will have a more

immediate effect on improving student achievement, interests, and attitudes

than wiil preservice programs. Inservice programs should also be more

efficient and effective than preservice programs since all,these teschers

are in the schools and teaching; most of them will be in the schools for

an additional 7 to 15 years. The future quality of the schools depends

to a great extent upon their effectiveness asg teachers. Priority should

be given-to upper elementary and middle schools for inservice activities.

Preservice programs need to be strengthened and recruitment of

prospective teachers needs to be. expended for the long-term improvement of

pre-college education-: . tncentives, such as loans that will be cancelled for

years of teaching sxperience, should be established and maintained by ai:i

states with teacher shortsges. There is evidence that incentives do work if

maintained over time.

More compstitive teacher salaries are needed to aééfaaif§§§§i§7;§§§7

teaching and to Xetain teachers in the schools. Improved working conditions

are also needed to retain teachers in the schools.

chool Climate

Research on effective and successful schoels indicates substantial

improvements in student achievement and teecher morale can be made at

reasonable costs by implementing vartous combinations of school and

classroom improvement procedures. These practices should be implemented

and considered by other schools when it appears that these procedures

will improve the educational program.

Classroom instructiou

- Reseerch sccumulated over the past several decades provides usefnl

suggestions for ways to change instruction that will generally improve

student achievement. Materials should be developed for use with inservice
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and preservice teachers to show theml how to use this information and these
procedures in their classes. Inservice programs should then be developed
to prepare a cadre of teachers to work with other teachers in trying
thise procedures.

Impact of Research on Practice

the. desired impect on practice, a major variable is awareness: No practice

improvement information and materials can be used if people do not know.

they exist: Secondly; no prectice improvement information and materials

will have much impact if they are not in a form that provides sufficient

information, matertate, and assistance to help Bchool personnel understand
the practice. Some programs have been effective in helping schools become
aware of information and materials and how to use them. The National
Science Foundation programs of the 19603 and early 19708 were effective in
getting many schools to become aware of mathematics and science materials
and to use them; many of these materials had very positive effects on
student achievement; interests, and attitudes. Several U.S. Department
of Education programs such as the Educational Resources Information Center
(ERIC) and the National Diffusion Network (NDN) have been effective in

creating awareness and use of materials. However,; these programs have not

been sufficiently supported or developed to accompiish the needed tasks.

Existing programs should be reviewed, improved, and supported to enable

them to assist schools in appropriate ways. Existing school networks

need to be used in the effort; and others need to be deveioped. Programs

developed shouid reflect available technology and research on school

Over 100 reports issued during the past five years have indicated
there are severe problems and perhaps a "crisis" in pre-college education.
Actions taken to date by most people responsible for educational programs

do not reflect efforts of magnitude that indicate these persons really

believe there are severe problems or that a crisis existed or exists.

Leadership is needed at_all levels in dealing with the problems_that do

exist and that have existed for many years. Resolving these problems

will take additional resources and a continuing commitment to improvement:

Some good activities have bsen renewed by the National. Science Foundation,

the U.S: Department of Education. soms states, and some local education

authorities; these actions, however, are insufficient for the task and do
not show long term commitment.

-
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