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Abgstract

The National Associat‘on for Research in Science Teaching sponsored
a three-day research training program in Chicago, November 11-14, 1969.
Suoported by a grant from the U. S. Office of Education, the program was
designed tc improve the research competence of individuals involved

with the training of future researchers. Fifty two participants received
training during the three-day program, the first of its kind with U.S.0.E.
support. .

Training sessions were of two kinds. Work Sessious were led by
leaders in specific research areas, and these constituted the primary
training effort with specific research skills taught during these sessions.
Problem Sessions were led by senior participants for the purpcse of ex~
amining ways in which skills iaicht in Work Sessions could be applied
to specific research problems in science education.

Participants were primarily college and university professors in-—
volved in training futuice research worleers. Evaluation by the session
leaders and the participants indicated that the program was successful
in imparting new research competenciz2s and suggesting promising areas
for future research. The unanimous conclusion was that similar training
programs should be held in the future, with some modifications iadicated
in the evaluation material.




THE NARST RESEARCH TRAINING PROGRAM
IN SCIENCE EDUCATION

Program Overview

For over forty years the National Association for Research in Science
Teaching has conducted a number of activities toward the end of improving
research in science education. Most of the research published relative to the
teaching of science in the past forty years has been work done or supervised by
members of NARST. The quality of this research has beea spotty, although there
are clear indications that better research techniques and methods have been em=
ployed in more recent years. Nevertheless, it is equally evident that there has
been substantial need for improvement in the general level of the science edu-
cation research efforts. It was to this eand that NARST sought support from the
U. S. Office of Education for the conduct of a research training program.

A preliminary program was assembled by the Project Director with counsel
from various board members of NARST and other individuals. A copy of the pre-
liminary program is included in Appendix A-1. It wac planned that a meeting of
several leadership personnel to be involved in the training progfam would take
place prior to the training sessions in order to cooxdinate and refine plans for
the sessions. This meeting was held in Chicago on September 26, 1969. It was
decided at this meeting that two kinds of sessions should be held. The first
sessions, called Work Sessions, were to be the primary vehicle for training par-
ticipants in specific research skills. These sessions were to be led by indi-
viduals with established reputation in their specific areas of competence. All
participants in the training program were to select one series of Work Sessionms
and to continue with these Work Sessions through the three day training program.
A second series of sessicns, called Problem Sessions, was designed to focus on
specific problems in science education to which the research skills presented in
the Work Sessions could be applied. The Problem Session also was to serve as
an opportunity for more informal discussion among trainees. A final program was
prepared and this is shown in Appendix A-2.

In order to provide all participants with some introduction to the research
competencies to be developed in each of the Work Sessions, brief descriptioms of
each of the six Work Sessions were preseated by the session leaders during the
first day of the training program. Dr. Henry Walbesser, University of Maryland,

presented some of his views on the improvement of science research specifically
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raferring to the need for clear specification of objectives in researck. He in-
dicated that his training sessions would provide practice with some techniques

and skills needed in science education research. Dean J. Myron Atkin, University
of Illinois, took a positicn somewhat different from the other Work Session leaders
and descrived some issues in determining research priorities that influence policy
decisions in educ~tion. Dean Atkin's presentation on Wednesday and a longer pre-
sentation to the entire group on Thursday morning raised issues regarding the nar-
row definition of research in education and the application of this kind of re-
search to policy decisions in curriculum design and support of educational inves-
tigation. Dr. Wayne Welch, University of Minnesota, introduced a number of issues
involved in the evaluation of curriculum. Drawing on his experience from Harvard
Project Physics and from other curriculum evaluation programs, Dr. Welch led ses~
sions focusing on research methodology appropriate to curriculum evaluation.

Dr. John A. Easley, University of Illinois, used video tape to illustratg how con-
ceptual analysis of classroom and clinical interview behavior could be conducted.
His sessions included the viewing of video tapes and the development of skills in-

volved in clinical research with children in classroom settings. Dr. Duncan Hansen,
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A brief summary session was held on Friday afternoon. The intent was less

to summarize the training sessions than to provide an opportunity for group feed-
back which might be useful in the planning of future training programs. Following
the training sessions, a Guestionnaire form was mailed to all participants and

their responses are reported below.

Participants in the Research Training Program

A program announcement was prepared and mailed to all member; of the National
Association for Research in Science Teaching. Announcements of the research
training program were also sent to the following journals: The Science Teacher,

Science and Children, The Journal of Chemical Education, and The American Biology

Teccher. It was evident from the kind of applications received that these an-
nouncements succeeded in attracting a significant number of applicants. A copy
of the program announcement and application form appears in Appendix A-1.

In spite of a relatively tight time schedule, over 350 completed appiication
forms were returned. All but three of these applications came from individuals
who reported no prior attendance at a research training program sponsored by the
American Educational Research Association. It is evident that we reached a popu-
lation of research workers with this program that has been largelv untouched by
the research training efforts of AERA. Many of the applicants were classroom
teachers at the elementary and secondary level. Since the primary objective of
the research training program was the training of individuals actively involved
in the supervisicn and training of research workers, very few of the participants
came from public schools. A list of the participants is included in Appendix B-1.
A summary of the data on the application form is given in Appendix B-2. This
data summary shows that the average age of the participants was 41. All but two
held the Ph.D. or Ed.D. degree. Most of the participants were from universities
and 27 states were represented. The participants published an average of 15
research articles or technical reports. They are active in other professional
organizaticaue as indicated in their response to item 16.

It was evident in reading the reasons why many of the participants indicated
a desire to attend a research training program that the interpretation of what
constitutes fesearch in science education varies enormously. Some participants
indicated that they wished to attend to learn how research in science teaching
could make them a better classroom teacher of biology or chemistry or some other
subject. Some indicated a desire to acquire specific competencies normally pre-

sented in graduate training programs for research workers, for example, to learn

N
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more about statistical tools and their applic n to research in science edu-
cation. While these goals may be laudable, it was doubtful that any of them
could be met in a three day research training program. There was a close corre-
lation between the objectives stated by those individuals selected for program
participation and the research competencies we sought to develop in the training
programs.

All participants selected attended the training sessions. In addition to
100% attendance, we found the participants to be almost without exception enthusi-
astic and active throughout the program. Their willingness to take three days
from busy work schedules to attend sessions to improve their research competence
is evidence that the program was needed and that similar training programs are

likely to receive enthusiastic and productive response.

The Training Program Work Sessions

All participants were asked to select one of six Work Sessions prior to
their arrival in Chicago. Materials prepared by the Work Session leaders were
mailed to the participants in advance of the sessions. These materials appear
in Appendix C-1. Reprints of research studies, mimeographed materials, and
other special handouts were also distributed during the Work Sessions. The large
bulk of these materials preclude inclusion in this report. However, a listing
of many of the references used is given in Appendix C-2. In addition to material
distributed, the large fund of experience in research brought to the training
sessions by the Work Session leaders and by many of the participants contributed
substantially to the work of the sessioms.

The Work Session led by Professor Henry Walbesser of the University. of Mary-
land used material developed by Professor Walbesser and selected research studies
in the training of participants in specific research competencies. The Work
Session dealt with the acquisition of a specified collection of twenty-three
behaviors. Instructional materials were developed for each of the behaviors and
assessment tasks, different from the instructional activities, were also con-
_structed. The participants in this work group acquired the first 18 of the be-
haviors. There was not sufficient time to progress through the remaining five
behaviors. The participants did acquire the specified research competencies as
measured by the assessment tasks. Whether these were acquired in any broader
context will need the passage 6f time and examination of research publications
from the work group participants and the publications of the participants'

students.

T
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The Work Sessions led by Professor J. Myron Atkin of the University of
Illinois departed from the pattern for other sessions and dealt with a number

of issues involved in policy decisions in the establishment of research priorities
and allocation of effort in other areas of education. This group used as a spring-
board for discussion a paper prepared by Professor Atkin, "Research Styles in

Science Education,' published in the Journal of Research in Science Teaching at

an earlier date. Professor Atkin alsc presented a seminar on some of his ideas
" on Thursday morning. The latter seminar was attended by all participants in the
training conference. A major argument of Professor Atkin is that the "systems"
approach to education, or the appiication of engineering models to education, is
inappropriate and can lead to unpredictable and unfortunate consequences. Research
styles in education too often follow the pattern in the physical sciences with the
evident but unstated assumption that this research methodology is appropriate
to education and that instructional design can be approached in a quasi-systems
manner. These Work Sessions and the subsequent involvement of the participants in
Problem Sessions served as a stimulus for critical review of the application of
research competencies previded to trainees in other Wock Sessions.

The Work Sessions on curriculum evaluation strategies led by Professor Wayne
Welch of the University of Minnesota utilized a number of published research re-
ports, given in Appendix C-2 as well as other materials distributed at the ses-
sions. Trainees were instructed in techniques for formative and summative evalu-
ation. The formative evaluation program of the Ginn and Company Elementary Science
course was used as one example of curriculum evaluation. The four year evaluation
program for Harvard Project Physics was a primary reference source. Also used
was the summative evaluation of the course, Physical Science for Non-Scientists
(PSNS). In addition to critical review of the materials, participants were asked
to criticize and evaluate selected aspects of the curriculum evaluation studies.

' The latter work indicated substantial progress in the group in their curriculum
evaluation skills.

Utilizing portable video tape recordings, Professor John A. Easley of the
University of Illinois led his Work Sessions in the clinical analysis of teacher
and pupil behaviors in classrooms. Drawing from materials distributed to parti-
cipants in advance, the trainees analyzed the behavior of teachers and pupils in
the taped classroom behavior samples. These sessions provided an opportunity to

acquire skills in the use of clinical observation techniques through their appli-

cation in a sample of recorded sessions.

The sessions on the use of computers in science education research were led
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by Professor Duncan Hansen of the Florida State University. Each of the parti-
cipants in this session focused on a problem related to the development of a new
instructional subsystem utilizing a computer. Some of the participants related
directly to research projects in which they are engaged or to new research topics
which they considered feasible for their particular circumstance. Each of the
participants gained sufficient understanding of the essential concepts involved
in the psychology, direction, presentation, correction, and evaluation of materials
irn. order to provide clarity to the case study project utilized in the training
sessior.. Each participant developed a research design in some cases hypothetical,
that would provide an opportunity to assess rigorously the nature and mer*t% of
their proposed science instructional compunent utilizing computers. The parti-
cipants reacted to the research literature review and established lines of com-
munication for future exchange of ideas ou the use of computers in their research.
The Work Sessions led by Professor Novak of Cornell University focused on

the learning theory of Professor David Ausubel. Reviewing some of the major con-

structs of this theory, as presented in his book, Educational Psychology: A

Cognitive View, the group proceeded to review selected research studies to deter-

mine what interpretation could be placed on the data if the learning theoretical
model of Professor Ausubel were applied. Since most reported research in science
education does not relate to any learning theoretical base, it is possible,
though hazardous, to reinterpret data obtained in research and to test hypotheses
that would derive from the learning theory through post-hoc interpretation of
published data. The participants succeeded in acquiring the necessary knowledge
and skill neceded to reinterpret earlier studies and to assess their suwport or
non-support of Ausubelian learning theory. The second and third Work Sessions
focused on the design of new research studies that would be based on Ausubelian
theory and contribute evidence relative to specific constructs in the theory.

It was agreed that this type of focus in science education research studies could
increase the generalizability of research findings and enhanca their potential
application to the design of science instruction.

It was the impression of the Work Session leaders, in a summary conference
on Friday morning, that the trainees were highly cooperative and seriously in-
volved in the sessions. This active participation by the trainees contributed
substantially to the value of all the Work Sessions. Many of the individuals
involved in the Work Sessions have had substantial experience in science education
and brought this experience to bear on the development of the specific research

competencies or on the issues of science e€ducation discussed in the Work Sessions.
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Training Program Problem Sessions

The purpose of the Prc¢hlem Sessions was to Provide a different mixing of
participants from various Work Sessions where research skills obtained in the
Work Sessions could be appllied to specific problems in science education. Most
of the Work Sessions operated quite formally with training procedures following
almost a classroom routine. It was thought that the Problem Sessious thus would
contribut- some variety of pacing to the total training program. A number of '
problem areas were identified and participants were asked to indicate which ses-
sions were of particular interest to them. They were also asked to suggest other
problem areas which they would like to explore. A list of Problem Session parti-
cipants and the chairmen for the Problem Session groups is given in Appendix D-1.

Nine Problem Session groups were formed, eached chaired by a participant
selected for this role in advance of the meetings. In mest cases, the chairmen
were senior members of the science education community who have had experience
in the area of the Problem Session. The intent was to provide a forum for dis-
cussion and analysis and not a series of lectures by individuals in the Problem
Session groups. For the most part, our directive that the participants seek ways
to apply skills they were obtaining in the Work Seesions to the topic of their
Problem Session were followed. However, most trainees found it difficult to
make specific, positive transfer from the Work Sessions to the Problem Sessioms.

" Problem Session A dealt with the design of research training programs. This
group, chaired by Professcr Fletcher Watson of Harvard University, identified
three types of research studies and terminal competencies needed for these types
of research. The intent was to provide some general framework for the the design
of research training programs. The types of research and terminal behaviors

suggested were as follows:
Fields Terminal Behaviors

1. Hypothesis Testing To construct research
*  hypotheses, investigations

2. Evaluative Studies To construct research
question investigations for

summative, formative aad
supportive studies

3. Conceptual Analysis To construct analyses of
assumptions and alternative

decision-making strategies
It is interesting to note that most of the terminal behaviors suggested were
a portion of the training objectives in at least one of the Work Sessions. While

the needs of individua‘s from a wide variety of institutions varied enormously,
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there secemed to be some coasensus that the Problem Session discussions and
explorations were helpful to the individuals in the local planning efforts they
hope to make in cd>»siening research training programs.

The second Problem Session dealt with research and methodology involving
audio-tutorial methcds. Professor Samue. Postlethwait of Purdue University chaired

some of the sessions for this group. Other sessions were chaired by other members

" of the erour. The group discussed various forms of individualized instruction

where . ~'{-tutorial methods could contribute substantially. It was also agreed
that the combination of audio-tutorial methods with other forms of individual
activity and with computer assisted instruction could be fruitful. Several areas
of research were identified. It was indicated that comparative studies of conven-
tional versus audio-tutorial programs could coatribute little of value. More
importantly, questions regarding the process by which students arrive at specific
competeracies u.ler the audio-tutorial regime were looked upon as more fruitful.
Also needed, aore research where learning theory is applied to the design of in-
struction and data on pupil attainment is taken as e.miricil corroboration of the
theoretical premises. The need for comparing relative student achievement under
various alternative instructional sequences in the audio-tutcrial format was also
identified. In the latter regard, the efficiency of pupil learning under various
instructional sejuences as measured by the amount of time required to reach spe-
cific competency levels was an important kind of research study needed.

Two of the initial Problem Sessions were combined to form one group dealing
with issues involved in communicating and writing research. This group was co-
chaired by Professor Stanley Helgeson of Ohio State University and Professor
Herbert Smith of Colorado State Univercity. The group identified a number of
issues and problems in communicating and writing research. These were summarized
by the group in the following way:

l. The following dimensions were identi‘ied as being
substantive elements in communicating research:
a. Target audience )
b. Purpose

c. What
d. How
Tne Jimensions were conceptualized in the model
beiow:
"~ Science ."~ School Board
§__§dp§§§9[§“__§\\\ + Administractors
‘Other ~ i “Journals - D e T
| Other . ... s Supervisors
. Educators _ [T 4 ERIC, Uaiv.>" -
e e ——
T A i
;BeﬁaV;.o;al & -:\/ Teachers

' Biological
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2. The supervisor of science is a key individual in thLe
dissemination of research and may function as a liaison
between the research community and the educational
practitioners—-teachers, administrators.

3. An effort should be made to identify and encourage
mission oriented research rather than the traditiomal
view of individual efforts.

4. The following questions, which need further discus—
sion and research, were generated:

a. In the structure of administrative staff, who
is the best target for conveying research?
Is it the supervisor? 1In all cases? 1In
what cases?

b. Can we put research into a form for dissem—
ination to schools, that its assimilation
and continued communication can be enhanced?
Who will be responsible for interpretation?

c. 1Is there a preferred form for reporting research?

d. Should universities develop care areas for re-
search. i.e. be mission oriented?

e. How can existing avenues, such as ERIC, be used
more effectively?

f. Does the vehicle stimulate practical use?

Another group of trainzes dealt with problems of dissemination of curri-
culum information.' This group was chaired by Professor David Lockard of the
University of Maryland. This group was comprised of individuals involved in
one way or another in the development of curriculum or in the dissemination of
curriculum information. Their direct involvement in these aveas was the primary
basis on which they derived a summary form for the problem of curriculum dissemi-
nation. The following outline represents the organization of science education
research topics identified as of contemporary significance. It was suggested
that all are worthy of investigation.

I. Information distribution model
"A. Corcise summary reporting of curriculum
development at various levels:
1. Local
- 2. State or Regional
3. National
4. International
B. Implementation reporting
1. Methods of implementing projects
a. Community involvement
b. Local staff involvement
c. Budgetary problems
d. Selection procedures
II. Teacher preparation model
A. Direct involvement with Project/University/
Regional Lab
B. Leadership conferences for teachers of
teachers
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III. Studies rclated to the dissemination role of:
A. Project-publishing house combines
B. Professional organizations
C. Parent organizations of sponsored projects
D. Professors of Science Teaching Methods
E. Professors of Science (subject matter)

Under the chairmanship of John Montean of the University of Rochester and
Stephen Winter of the State University of New York at Buffalo, one group addressed
itself to problems of research on teaching styles. The group suggested attention
to the following characteristics of teaching style:

l. Teaching style is an important variable only because it
has an influence on pupil growth.

2. Teaching style is the composite of teacher behavior in
a variety of dimensions that can be individually
measured:

a. Nature of content objectives

b. Affective, aesthetic, and other non-cog-
nitive objectives

c. Tactics of teaching employed

d. Assumptions about learning

e. The learning environment

3. In research on style, attention should be given to
style using tactics in new as well as conventional
environments.

4. In the domains of style that can be measured by
Flanders Interaction Analysis, research has begun to
produce empirical evidence regarding the relation- .
ship between this domain of style and pupil learning.
This research should be developed to the point that
generalizations can serve as guides to teachers
after self-analysis of performance. Additional re-
search or style, likewise, should seek the goal of
guidance to teacher performance.

5. The group recommends to the science education research
community and NARST:

a. Publication of summary articles with critical
analyses of the state of development of research
and measurement tools in the dimensions of
teaching style.

b. Organization of Symposia on Research in the
dimensions of teaching style at national meetings

¢. The incorporation of a Work Session on Flanders
type instruments at the next NARST Research
Training Conference

d. Additional Work Sessions to train for research
on teaching style

Somewhat related to the work of the group focusing on problems of research
on teaching style was the work on research on teacher characteristics. This
group was chaired by Professor Willard Jacobson of Columbia University and
Professor Wayne Taylor of Michigan State University. During these Problem Ses-

sions, the trainees discussed various issues involved in research or teacher

-
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~.e following proviems were identified as important:

“ow cas we maxe certain that the research problems
that we identify are significant in the social con-
text of our times?

Who stays in elementary school teaching and who
doesn't? In particular, what are the characteris-
tics of those who drop out? What are the charac-
teristics of teacher education programs whose
graduates tend to stay in teaching?

What are the distinguishing characteristics of
teachers that tend to be successful with regard

to the various criterion measures we use?

What kinds of institutional settings are conducive
to research? Are there ways that researchers who
have heavy teaching and administrative loads can
still do research?

What personal characteristics of teachers camn ac=
tually be changed? What are some successful ap-
proaches for changing such characteristics?

How can changes in teaching styles be accomplished
in academic year institutes?

How can we replicate studies so that we can genera-
l1ize from them?

How can various media be used most effectively in
teacher education?

Should we have programmed research efforts? Or,
should each researcher take on the responsibility
of identifying the problems that he thinks are most
significant? What is the appropriate mix of these
two approaches?

What are the characteristics of teachers who are
most successful in difficult urban school settings?
Can we compile a list of research instruments
available for use by science education researchers?

A group of trainees under the chairmanship of Professor Robert Buell of

the University of Toledo directed their attention to the role of inquiry in

teaching. This group set forth a number of assumptions regarding inquiry teaching

and then identified clusters of questions that can be researched. These were as

follows:

Assumptions

1. Inquiry is a set of processes applied to a conceptual
framework of a knowledge.

2. 1In inquiry teaching, teachers provide students with
the opportunity to structure their own knowiedge.

3. Inquiry inrvolves certain identifiable process skills
by which knowledge is formulated.

4. Inquiry teaching will. provide learners with skills
and behaviors that are both of broad applicability,
and of long tenure in a rapidly changing culture.

5. The teacher as inquirer behaves differently from the

teacher as turveyor.

’




s

-12-

Inquiry teaching, as defined by our task force,
consists of those teaching behaviors which help learners
develop a propensity for ard skills in:

a. asking questions about the natural world,

b. gathering information relevant to these

questions, and

c. organizing and assimilating this infor-

mation.

Two varieties of inquiry teaching are presently extant.

In one of these, which we called unstructured inquiry

teaching, students inquire freely, formulating their own

questions, gathering information and making interpreta-
tions on their own. The other main variety we called
structured inquiry teaching. In this considerable guidance
is given to the students as they inquire, usually by
stating the questions about which they are to gather infor-
mation and then make interpretations. Although there are
many mutations of each, these two main forms reasonably
describe the inquiry teaching formats.

A universe of research questions can be raised rele-
vant to inquiry teaching. Below a few constellations of
research questions are pointed at, and some specific exem-
plars are given.

Questions relating to students

1. What learning outcomes emerge from unstructured inquiry
teaching? What learning outcomes emerge from structured
inquiry teaching?

2. Can students' questioning behaviors be attributed to
modeling the teacher's questioning behaviors? Does
this vary if teaching is done by machine? i

3. What are the characteristics of questions asked by
students in an unstructured inquiry teaching situation?

4. In what ways do personality, intelligence, prior experi-
ence in inquiry situations and school achievement influ-
ence students' responsiveness in structured and unstruc-
tured incuiry teaching situations?

5. What impact does training in specific inquiry skills
have on students' ability to cariy on unstructured inquiry?
to carry on structured inquiry?

6. To what extent can children be trained in the strategies
of inquiry? To what extent must children discover their
own personalized strategies of inquiry?

7. Pow can researchers assess students' ability to

a. ask researchable questionms, ’

b. collect information relevant tc these
questions,

c. make interpretations of this information?

8. How can reliabie, valid instruments be developed to
measure students' inquiry capabilities?

9. What experiences will enhance students' propensity
to "transfer" inquiry skills?

10. Can personality characteristics of children be iden-
tified that influence inquiry, teaching behavior?

Questions relating to teachers' personal characceristics

1. Can personality characteristics of teachers be iden-
tified that influence inquiry teaching behavior?

2. What personality variables of teachers enhance or de-
tract from inquiry teaching?
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3. What social cultural factors in teachers' back-
grounds, and what differences between students and
teachers may influence inquiry teaching behavior
and outcomes?

Questions relating tc teacher training variables

1. In what ways can prospective teachers' role expec-
tations be changed to better prepare them for
inquiry teaching?

2. How can the "modeling'" effect of 16 or more years
of didactic teaching be overcome to prepare pros-—
pective teachers for inquiry teaching?

3. Does inquiry teaching consist of isolable behaviors
wh: -h can be identified and for which prospective
teachers can be trained? How can this training be
accomplished?

4. Can teacher behaviors be identified that are re-
lated to students' success in inquiry?

Questions relating to organizational variables

1. Do teams of teachers tend to sustain inquiry
teaching behaviors more readily than isolated
teachers?

2. What reward systems will be necessary to sustain
teachers' adaptation from a didactic to an inquiry
teaching :del? -

3. What possible organizational restructurings might
stimulate teacher-pupil interactiom or interactions
between teachers with a resultant enhancement of
inquiry teaching?

There were a group of participants who indicated special interest in
topics other than those suggested to the trainees. These individuals formed a
"group which we labeled Special Topics. This group proved to be heterogeneous
in interests, but nevertheless they did succeed in identifying a number of
researchable areas that included their areas of interest. The following sug-
gestions were included in the report from this group:

1.” What are the characteristics of school pupils who
a. reject the opportunity to learn?

b. accept the opportunity to learn?

2. 'What differences exist between the teachers' and
children's perception of science class tasks?
How can these be detected, described, evaluated?

3. what are the possibilities in the use of "unob-
trusive" measures as research techniques in eval-
uation of science education conditions and prac-
tices? '

4. How can science education be studied in its eco-
logical realm - the community, building, location
and relationship with respect to otaer disciplines?

5. There is need for research in the development and
use of a variety of measures on students regarding:
a. Their rationality as they enter society.
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1) The kinds of arguments they use in support
of actions.
2) How much use, through application and
reference, they make of empirical findings.
3) How much and in what ways they are reactive
to their environment.
b. Their understanding of science and technology
as social activities.
1) Are their expectations realistic?
2) Do they understand the constraints placed
on science and scientists?
¢. Their understanding of their environment.
1) Are their expectations of the natural world
realistic?

6. There is need for the development of a vocabulary based
on evidence about teacher behaviors, techniques, etc.,
similar to that which arises from test scores descrip-
tive of certain student characteristics - a vocabulary
which would make possible the sharing of what teachers
are doing in their classrooms and why they operate in
this manner.

It is evident from the foregoing that the Problem Sessions were not
research training sessions in the formal semse. Nevertheless, skills are of
little value until they can be applied to problems where fruitful results can
emerge. Though the style of the Problem Sessions was informal gnd bordered at
times on the fringe of dubious 'bull sessions," the summary reports from the
groups suggested that considerable value did emerge from these Problem Sessions.

This was also borne out by the evaluation reported below.

Evaluation

The evaluation for each of the work sessions was conducted by the Work
Segsion leader. The objective of the evaluation was to assess the degree to
which the program training objectives were achieved. They also served the
purpose of providing information to the session leaders and to the Program
Director on which recommendations for the design of future research training
programs could be based.

In the Work Sessions led by Professor Walbesser, a specific set of
objectives were estabtlished. A list of objectives and the assessment tasks
for these objectives is given in Appendix E-1. 1t was possible to review the
assessment tasks and to determine the success of this portion of the training
program. Walbesser reported that all trainees succeeded in acquiring the

first eighteen competencies. Time did not permit completion of the remaining




-15-

training materials and assessment tasks. It was Professor Walbesser's ap-
praisal that the participants did acquire the specified research competences
measured by the assessment tasks utilized.

The Sessions conducted by Dean J. Myron Atkin were substantially dif-
ferent than the other five Work Sessions. There was no attempt to train
participants in specific research competencies but rather to look at broader
issues affecting the science education research community. The Work Sessions
dealing with policy for science education research and science education in
general discussed the problem of increasing the influence of the science
education research community in national councils where policy is ultimately
made.

The Work Session dealing with policy for science education research and
science education in general discussed the problem of increasing the in-
fluence of the science education research community in national councils where
policy is ultimately made. A communications gap was identified which, it was
suggested, could be traced in part to a lack of external credibility of the
research of science educators.

The credibility gap, it was agreed, has roots in the inability of science
educators to make their research relevant to curriculum directors and others
who cope with science education problems "in the real world'. Among the
problems seemed to be fragmented studies, restricted categories of research,
lack of programmatic studies, lack of communication among investigators at
different institutions. Among solutions suggested was institutional

specialization in research.

Regarding the restriction on styles of research, it was agreed that to
make research in science education useful to the schools, the question and
its appropriateness not the style must be the guide. The purpose for in-
fluencing teaching and the possibility of using the findings in schools are
the determining factors in judging the value of a study, not its adherence
to some hypothetical model of '"good" research.

As examples of important school needs not adequately met by current
activities of the science education research community are interpretations of
findings that can be read by teachers and supervisors and that consider the
conditions of pupils and teachers in schools, broader attention to the con-

cerns of practicing teachers, and other involvement with school conditioni.
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The group also discussed the importance of developing the tase data and
hypotheticai projections for questions of science education policy. It was
recognized that national policy is legitimately developed by inputs from many
diZferent gronps and that our influence can only be as great as the quality
of our advice.

The group appreciated this opportunity to discuss, for a relatively
protracted period of time, questions of formulation of science education
policy. In the opinion of the participants these questions deserve top
priority and this conference provided a timely opportunity to consider them
at length.

The Work Sessions dealing with curriculum evaluation strategies was
led by Professor Wayne Welch. The attempt to present methods for attaching
questions of curriculum evaluation were successful in the opinion of the
Work Session leader. Individual participants commented on their own ex-

periences in the sessions and some of the partial quotations from their

reports are as follows:

TP

"The Work Session on curriculum evaluation has been exceedingly .
stimulating and helpful primarily due to the expertise and extensive
preparation that Dr. Welch brought to the Session."

"This Work Session was the most rewarding part of the training pro-
gram. The practice of providing us a series of papers, instruments,
and strategies for curriculum evaluation was most appropriate for a
conference of this length. For my particular purpose this type of
training was very helpful. I commend this procedure for future

uge o"

"] will return home with a substantial number of relevant and use-
able papers, ideas for research problems and a number of new and
potentially productive contacts with innovators in the field--

the latter being what I consider my most valuable acquisition
from the program."

"The Sessions brought together into sharp focus problems, tech-
niques, resources, references, and experiences which would have
taken months for an individual working by himself to arrive at,
discover, ferret out or obtain."

These quotations indicate that the kind of skills being presented and
the evaluation work done in this series of Work Sessions was valuable to the

traincas,

The Work Sessions dealing with conceptual analysis of classroom behaviors
was led by Professor John Easley. During the first session the participants

viewed two tapes dealing with PSSC materials. Participants learnmed that

conceptual analysis of classroom interviews is closer to formative than

summative evaluation, but is perhaps most effective if it precedes new cur-
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riculum planning because of the surprising new entry points it suggests for
instruction in the given subject. The participants learned that children
react differently to different interviewers and learn the value of video-
tape in permitting analysis of the behaviour observed. Some of the com-
petencies required included a technique for evaluating children's performance
via video tape, evaluation techniques associated with audio-tutorial in-
struction, methods for identifying defects in teacher education programs

and clues to the improvement of these programs. The use of the techniques
presented in these Work Sessicns also suggested a number of new research
possibilities to the participants.

The Work Sessions led by Professor Duncan Hansen dealt with the use of
computers in science education research. The intent was to provide par-
ticipants with information and new contents regarding the role of computers
in science research and curriculum planning. The evaluation forms of
participants in these Work Sessionr indicated that they acquired com-
petencies in understanding general techniques for programming CAI with
respect to whole course and part course materials, including writing and .
evaluating global and detailed behavioral objectives. An understanding of the
contrast between Ausubelian and Piagetian models of development and cognitive
growth and appropriate research techniques for within and between model
testing were acquired. An extension of "inquiry skill" in research with
CAI and CMI models was provided. Participants learned to discern regearch-
able areas in teacher characteristics and teaching style using computer
mediated approaches. A further evidence of the value of these Work Sessions
was indicated in that half of the participants planned a continuing dialogue
on some of the topics presented in the Work Sessions with Professor Hansen.

In the Work Sessions led by Professor Joseph Novak, the objective was
to present enough of the nature of David Ausubel's learning theory that this
could be utilized in the analysis of research studies and in the design of
new research. Selected published research was distributed to the participants
and each participant was asked to interpret portions of the research in terms
of constructs in Ausubel's learning theory. Though the time available in the
sessions was relatively brief, at least one trainee could state in his sum-
mary report on the training sessions, "I was introduced to a specific theory
of learning and became well enough acquainted with the theory to apply it
to research design and analysis. I had practice in conversing within the

'framework' of the theory and also had practice in analysis in terms of this
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learning theory. I was also stimulated to start making preliminary research
designs using this theory." Comments by others support this appraisal.

The evaluations of the Work Session leaders as well as the evaluations
presented at the summary sessious on Friday, indicated that the Work Sessions
did succeed in developing research compctencies and related skills by most
if not all of the participants. It was difficult to get both trainees and
many of the leadership perscmnel to be highly specific in their appraisal
of the skills and competencies achieved during the training sessions.

Partly for this reason a questionnaire was mailed to all participants im-
mediately following the training sessions. This questionnaire contained
four items.

1. As a result of the NARST Research Training Program, I gained
competence in the following research skills:

2. The most valuable part of the program for me was:

3, The least valuable part of the program was (provide reasons for
your answer, if possible):

4. Participants I would recommend for leadership roles in future
training programs are:

Most of the questionnaires were returned promptly by the participants.
With some follow up correspondance all participants returned questionnaire
forms. Copies of these are included in Appendix E-2,

The responses to the first question on the questionnaire varied widely
depending on the Work Sessions that the participants engaged in. In general,
almost all participants were able to identify specific research competencies
and skills that they obtained in the Work Sessions. The response of some
participants was highly specific and indicated clearly the competency gained.
A few respondents could not identify new competencies that they gained,
which might be partly an indication that the heterogeneity c¢f the group
was too great for the type of program planned.

The responses to question two on the questionnaire indicated that the
most valuable part of the program was the Work Sessionms. Equally important
was an opportunity for informal discussion and exchange of ideas with col-
leagues. Many participants found value in the Problem Sessions, but the
responses to question three indicated that at least some of the Problem
Sessions were not productive and could have been eliminated. The weakest
portion of the program apparently was the brief presentation by each of the

Work Session leaders on Wednesday. These presentations did not provide
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sufficient depth in the subject to be covered in the Work Sessions to be of
value to the participants and should be elimirnated in future training programs.

In general, the evaluation forms indicate that increasing the homo-
geneity of the trainees would improve the quality of the training program.
Also, more emphasis should be placed on intensive training in work in sessioms
similar to the Wor. Sessions. Although z number of participants found the
Problem Sessions valuable, many suggested that the kinds of issues presented
in Problem Sessions should be discussed informally during luncheons or in
evenings. It is the Director's evaluation that the Training Program could
be shortened to two intensive days of training similar to that in the Work
Sessions. Evening hours could remain free for informal discussioas,
although provisions should be made for meeting rooms where trainees can
associate to discuss issues of interest to them.

The support facilities that were mac available in the form of secretarial
assistance and ditto duplication were of some value to the conduct of tne
sessions. However, materials tended to come in on very short notice and in
quantities too large for two secretaries to handle. At other times, the
secretaries found themselves without work. It might be more desirable to
arrange for xerox facilities where hand written materials could be copied
immediately and not require typing on to ditto masters.

Participants in the Training Program were complimentary regarding the
overall phvsical arrangements at the Hotel and procedures established to
provide travel and living reimbursement by the afternoon of the last training
day. In the Director's opinion a fine esprit de corps existed among the
group, indicating that participants were generally satisfied with the ex-
perience and would be interested in further participation in training pro-
grams of this type. Suggestions for new leadership personnel were provided
by the trainees in response to item four on the questionnaire form. It is
hoped that NARST can sponsor training programs for researci workers in

science education on an annuai or biannual basis.

v
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NATIONAL
ASSOCIATION FOR 1969 RESEARCH TRAINING SESSIONS
RES E ARCH INFORMATION & APPLICATION FORM
IN SCIENCE TEACHING

A grant from the Training Research Branch of the U.S. Office of Education will make it possible
for NARST to conduct a research training session during November, 1969. The sessions will be held

in Chicago during November.

TENTATIVE PROGRAM OUTLINE
for a

RESEARCH TRAINING PROJECT IN SCIENCE EDUCATION

Chicago, lllinois, November 12-14, 1969

Session |I. Wednesday, November 12, 1969, 9:00 A.M.
Chairman: Willard Jacobson
Topic: Translating learning theory into research hypotheses in science
education
Speakers: John A. Easley, University of lllinois
Joseph D. Novak, Cornell University
Work Sessions

Session ii. Wednesday, 2:00 P.M. — Continue Session i.

Session !ll. Thursday, November 13, 9:00 A.M.
Chairman: Clarence Boeck .
Topic: Identification of techniques and skills needed by science education
researchers
Speaker: Henry Walbesser, University of Maryland
Work Sessions
Topic: Experimental and Evaluative Designs
Speaker: Jack Merwin, University of Minnesota
Work Sesstons :

Session IV. Thursday, 2:00 P.M.
Chairman: T. Wayne Taylor
Topic: Promising Research Directions in Science Educatio
Speaker: J. Myron Atkin, University of lllinois :
Work Sessions -

Session V. Friday, November 14, 9:00 A.M.

Chairman: Darrel Barnard
Topic: Technoiogy and science education research design

1. CAIl and research — Duncan Hansen

2. Evaluation of learning aids — Wayne Welch

3. Audio-tutorial techniques and research — Samuel Postlethwait
Evaluation sessions will follow each presenter.

Session VI. Friday, 2:00 P.M.
Chairman: James Robinson
Final evaluation and summary sessions:
1. Selection of research workers — Frederic Dutton
2. Resources for research training — Richard Harbeck
3. Changes needed in university programs — Fletcher Watson
4. Research design and data analysis — William Cooley

Participation in the NARST 1969 Research Training Session is not restricted to NARST MEMBERS. The program is
intended for persons who are engaged full or part-time in the conduct of science education research activities.
Neither fees nor tuition is charged for ony of the sessions. Travel allowance and per diem allowances will be
provided.

Applications will be processed in the order they are received. Applicants are encouraged to cpply early
since the program is limited to 50 participants. Mcst applicants may expect to be notified of the decision uf the
selection committee within three weeks after the receipt of their application.

Return to: Prof. J. D. Novak
Division o7 Science Education
Stone Hali

Cornell University
Ithaca, N. Y, 14850
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Application For NARST Research Training Session
GENERAL INFORMATION

1. Name:

Last First fnitial
2. Mailing address: _ -
3. Sex: M F Age: Telephone No.:

4. Present Institutional Affiliation (e.g., UCLA):

5. Have you attended an AERA training session in the past? Yes No
If “*Yes,” when: and which one:

EDUCATIONAL HISTORY

7a. Masters School: ______ Year of Degree b. Doctoral School: —__ Year of Degree
Major Major

8a. Record in the blank the approximate number of courses you have taken ot either the undergraduate or graduate
level in each of the following areas:

a. Anthropolagy h. linguistics

b. Biology i. Mathematics (excluding math educ.)

c. Chemistry © Physics

d. Curriculum k Y .

e. Earth Sciences k. Psycholegy (Exper., Soc., Devel., or Lecirning}
f. Educ. Measurement or Psychometrics I. Sociology

g. Electronic Computers m. Statistics and experimental design

EMPLOYMENT INFORMATION

9a. Describe briefly the nature of your present employment:

b. Describe briefly any changes you expect in your employment during the coming year with respect to either

employer or type of activity:

b. To research?

10a. What percent of your time is allotted to teaching? c. To grad. study?

11. Which courses do you teach (if any), at what level (undergraduate__U.G.__or graduate__G), and what text-
book (if any) might you typically use?

Course Level Textbook
U.G. G
u.G G
uG G
uG G

PROFESSIONAL AND SCHOLARLY INTERESTS

12. What are your primary research interests? 15. How many funded (by USOt, NIMH, NSF, Ford

Foundation, or other granting agencies) research
projects are in progress or completed on which your
name appears as either the first or a joint author?

16. Llist no more than three professional sacieties. .

13. Approximately how many research articles which
you have authored alone or jointly have been
accepted in a scholarly {refereed) jcurnal?

14. In total, about how niany research articies, theses
or technicol reports (both published and unpub- 17. Describe briefly your reason for applying.
lished) have you authored' alone or jointiy? (use separate sheet)
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List of Participants
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NARST Research Training Program

Atkin, J. Myron
Easley, John A.
Hansen, Duncan
Novak, Joseph L.
Walbesser, Henry
Welch, Wayne

Anderson, Harold M.
Arnold, Daniel S.
Awkerman, Gary L.
Berryman, William C.
Bingman, Richard M.
Bocsck, Clarence H.
Boener, Charlotte M.
Bowles, Joseph E.
Bridgham, Robert G.
Buell, Robert R.
Butts, David P.
Cleaver, Thomas J.
Doran, Rodney L.
Dyrli, Odvard E.
Fitzgibbon, Robert
Fowler, H. Seymour
Gallagher, James J.
Hanson, Robert W.
Harbeck, Richard M.
Hassard, John R.
Hein, Harold C.
Helgeson, Stanley
Jacobson, Willard
James, Robert K.
Jerkins, Kenneth
Koutnik, Paul G.
LaShier, William S.
Lockard, J. David

Work Session Leaders

Participants

University of Illinois
University of Illinois
Florida State University
Cornell University
University of Maryland

University of Minnesota

University of Colorado

University of Kentucky

Charleston, S.C. County Schools
Sylacauga, Alabama Schools

McREL, Kansas City, Missouri

University of Minnesota

Indiana State University

University of South Carolina

Stanford University .

University of Toledo

University of Texas

University of Colorado

State University of New York at Buffalo
University of Connecticut

Greece Central schools, Rochester, N.Y.
Pennsylvania State University
Educational Research (Council, Cleveland
University of Northera Iowa

U.S. Office of Education, Washington, D.C.
Georgia State University

University of Mississippi

Ohio State University

Columbia University

Kansas State University

Morgan State College

McREL, Kansas City, Missouri

Kansas State Teachers College
University of Maryland




McCurdy, Donald W.
Menefee, Robert W.
Merkle, Dale G.
Montean, John J.
Myers, Gerald A.

| . Nelson, Clarence

Novick, Seymour
Olstad, Roger G.

- Oshima, Eugene A.
Pella, Milton O.

_ Postlethwait, Samuel
Schaff, John F.
Schirner, Silas W.
Schmidt, Donald J.
Schmuckler, Joseph S.
Smith, Herbert A.
Taylor, Wayne

Trent, John H.
Tweeten, Paul W.
Uffelman, Robert L.
Voelker, Alan M.
Watson, Fletcher
Winter, Stephen
Wood, Roger L.
Yager, Robert E.

University of Nebraska
University of Maryland
Shippensburg State College
University of Rochester

South Dakota State University
Michigan State University
Temple University

University of Washington
Central Missouri State College
University of Wisconsin

Purdue University

Syracuse University

University of Houston
Fitchburg State College

Temple University

Colorado State University
Michigan State University
University of Nevada at Reno d
University of New Mexico
University of Delaware
University of Wiscomsin
Harvard University

State University of New York at Buffalo
Wisconsin State University
University of Iowa

* U.S. Office of Education Observer
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DATA SUMMARY

Applications

1. Requested 735
2. Returned 309
Applicants

l. Male 268, Female L1

2. Average Age 37

3. States Represented L4l

k. Highest degree: B.S. 18, M.A. or M.S. 166, Ed.D.
5. Prior attendance at a research training session:

Participants
1. Male A9, Female 1
2, Average Age 41
3. States Represented 27
L. Highest degree: B.S. 0, M.A. or M.S. 1, Ed.D. or
a. Average year that highest degree was awarded.
b. Major subject:
1) Astronomy
2; Biology
Biology-Science Education
hg Botany
Chemistry
6) Curriculum & Instruction
7) Education
8) Geology-Science Education
9; Plant Physiology & Plant Science
Science Education
11) Secondary Education
12) Teacher Education
5. Prior attendance at a research training session:
6. Present employment:

W
HFRORPWHRFEWUMPMD R

a. College and university professors 42
b. Researchers in institutions engaged
in educational research 5
¢. Directors of science, curriculum
and instruction in public schools 3
7. Anticipated changes in employment:
a. No major changes 32
b. More research involvement 12
¢. Seeking new positions offering
increased research opportunities 2
d. In process of defining newly
created position 1l
e. More administrative duties 3
8. Per cent of time allotted to:
a., teaching L7
b. research 33
¢. graduate study 6

d. other (primarily administrative
duties) 1k

or Ph.D. 125
yes 7, no 302

Ph.D. l‘9
1962

yes 5, no 45
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10,

Nature of courses taught by those in colleges and universities
(% in each category)

a. Methods and other science education courses 66
b. Research training 12
c. Science (e.g. botany) 11

d. Curriculum, learning theory, general education courses 1l

Primary research interests:

a, Attitudes, and confidence in teaching; of non-icience mejors
toward science; changes; impact of knowledge on attitudes;
student attitudes toward science

b. Instruction, comparison of methods; design, evaluation and
use of methods and materials of instruction

¢. Evaluation, of achievement; learning aids; media; student
teaching; teacher competencies. Construction of evaluation
instruments

d. Cognitive development and learning theory

e. Curriculum development and evaluation

f. Teachers, role expectations; education; behavior; characteristics;
effectiveness; competence; personality, change.

g. ©Studies in biology or conservation

Average number of research articles and technical reports authored

by participants either alone cor Jointly: 15

Some reasons for applying:

a. To become familiar with current content, methodology and
emphases in science education.

b. To update and improve research techniques and skills in order
to improve the quality of research.

c. To interact with others doing research in science educaticn.

d. To be better prepared to supervise doctoral students or
others doing research.
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Some Exerpts from Writings

John A. Easley
University of Illinois

The Need for Conceptual Analysis in Science Education

Scientists are accused frequently these days of being unable (or
unwilling to communicate their technical knowledge to the public effectively,
in a time when technical information carries a heavier and heavier burden
foreboding doom for both natural wilderness and civilization alike. Scientists
whose biases are showing may well be the hottest commodity on the consultant
market. The public is vecoming increasingly aware that any given data can be
variously interpreted by scientists of different persuasions, building an
attitude which threatens the scientific establishment with a widening credi-
bility gap. Even science teachers and scieuce educators are saying, 'We
can't teach facts because, vhatever we teach may well be changed in another
decade.” What is desperately needed is an understanding of the way differences
in conceptual frameworks and social value systems can generate controversy
in science without undermining the values of honest reporting and criticism
- which give the scientific profession its growth potential and therefore its
value to society.

Science educators should, in my opinion, be investigating this problem
as it expresses itself in science classrooms aand should neither attempt to
argue it away by dogmatic statements about the nature of science nor sit
aback and wait for philosophers to figure out the answer. Who knows, perhaps
a more realistic confrontation with the human phenomenon of misunderstanding
science would help philosophers in theory building.

That the value of open criticism as a way of advancing knowledge is poorly
understood by the public at large is evidenced by the unwillingness most people
show to engage in public controversy or vo admit that they may be in need of
more exposure to information and argument. We do our '"town meeting" vicariously
by watching TV and reading letters tc the editor. There is little guarantee
in all this that the values of open criticism which advance scholarship can be
adequately realized in a society where decisions are based on testimonials.

Science classes, which could do much to uphold the ideal of open debate,
often succeed in surpressing debate by the allegedly scientific challeage,
“"How can you collect evidence to find out if you are right?" This question
too often leads to innumerable experiments which are often undoable. Science
teachers can ill afford to encourage their students to put forth their own
ideas, if they must take the time to try to resolve every issue raised in
this way by the collection of decisive evidence. Yet, without the freedom
for students to attempt explanations of phenomena, which they have observed
in terms of their own preconceptions, how can teachers persuade them of what
they know except by appeal to authoritative opinion?

But besides the public good there i3 a more direct value in this sert
of study. Evidence that is convincing to a scientist who is familiar with
possible alternatives, and the evidence against them,
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may not be, and ordinarily should not be expected to be, convinecing to
a student who 1s just boeginning to study the phenomena in question.
There is a great need to find out what students typically think about
phenomena before teachers and curriculum developers decide on the
particular experiences and theory to be presented in science classes,

Still a third reason for study of student arguments and “heory is
to scquaint prospective science teachers with typical cases of what
they will confront. They need to be prepared both for the specific
theories which students typically hold and the style of argument and
manner of evidence which students judge relevant to their bellefs.

By presenting the standard evidence as though to convince students of

_ a standard conclusion, we are often attempting to oconvince students of

the value of evidence. However, if they do not already believe in the

value of evidence, will they find the evidence convincing?! One typi-

cally assumes either (1) that students already believe in the conclu-

sions that scientists draw (and thus that they are learning about the
. - eriteria of oonfirmation) or (2) that they already have our criteria
‘- for judging the adequacy of evidence. But what we oughi to expect is
that they have neither, but they might have sonclusions and criteria

of their own. '

A fourth reason for research into students thinking about thair
world==science, in other words-=is to covelop more useful diagnostic
instruments and prosedures for evaluation of student understianding.
¥e must learn to cou—t it a fallure when physics students genuinely
accept neither Newtoi.lan mechanics, nor Einstelnb ideas of ganeral
relativity, though they demonstrate ability %o sclve problems and judge
that the evidence and the theories are not discrepaut. Y¥hen students
persist in their own quasi-Aristotelian theorr of motion, o the view
that theories come and go and therefore thay nave a3 mucn right %o an
opirton on what wmakes things move as tlie next man, we heve failad to
commmicste a modern method of solentific reasoning. But our tests are
pasaed quite satisfactorily.

The point is that students have the right to be convinced by evi=
derss and argument; bui teachers have no right %o drop their effort if
the standard evidence and argument is unconvincing to their students.
Putting it differently, research is neadel into what tne cognitive
ent:y behavior of soience students in. Knowing whather or not ihey
have a desired piecs of terminal behavicor oa entry is doudtless useful
but clearly insuffisient to plan instruction that will conneot new
experiences wiih present concepts, beliefs, and styles of evidence and

argunent.

Philosophical enalynis, in whick concepts end presuppositions of
argunents are constructed to explain a ¥idespreai opinion in sclence
or in philosophy, can in principle be practiced in the classroom as
well as in the study or library. However, widespread ¢aploywent of
pailosophically trained analysts 43 school teachers is not likely tc

©

ERIC °

r
S — —




b

happen in the near future. By meking and analysing video=tapes of inter-
views with children or classroom discussions, however, it should bs pos=-
sible to determine typical student preconceptions in a partiocular science
course and design ourrioculum and instruoction to relate to them.

We can gain a good deal of inspiration for research in this direc-
tion by examining the work of Jean Piaget and his associates. Even
though one may legitimately quarrel with the boldness of his leaps from
a few protocols to conclusions about the development of cognitive struc=
ture, one cannot so easily escape tho evidence that children do develop
convictions in very umorthodox ways, that these are regularities in their
vays of thinking, and that interviewing children is going to tell us more
about these phencmena than testing them or putting them through programmed
instruction. ' ‘

1
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CONCERNING EDUCATIONAL APPLICATIONS OF PIAGET THEORY

The possibility of an educational psychology that would guide instructional
practice has long been discussed, but the guidance accomplished so far has been
largely in such peripheral areas as classroom management and counseling students
vith learning difficulties, Little has been learned that relates directly to the
organization of instruction in terms of its subject matter. Cognitive psychology
has touched on aspects of this Ausubel (19568) but a theory of cognitive develop-
ment so structural that it could be usefully applied to the precise guidance of
instruction in mathematics and the sciences, for example, has not yet emerged.
Piaget's work comes the closest of any to making contact with highly structured
forms of knowledge, but his theory has lacked a clear enough formulation to
permit operational testing in detail. A proposed method cof analysis, developed
by Witz, would solve some of the major problems in methodology which Piaget and

"his colleagues have side stepped in their creative theory development. Therefore
this method promises much greater applicability to the design of curriculum and
to the training of teachers in science and math than anything else that has been
available from psychology.

The major point of discussion between curriculum developers and Piagetian
theorists seems to have centered on the limitations that Piaget's findings
allegedly place on the possibility of accelerating children's development through
the stages of cognitive development (Ripple and Rockcastle, 1964), but closer
examination of Piaget theory indicates that a more positive contribution to
education is possible. To challenge these alleged rate limitations because the
evidence is inconclusive (Cambridge Conference on School Mathematics, 1963) may .
have led to setting overly optimistic instructional goals, or it may have involved
a misinterpretation of the structural aspects of the cognitive behavior which
Piaget describes. (See Easley, 1964, for a discussion of this question.) Recognition
of the limitations of growth rate has been turned to advantage by workers in several
curriculum projects and in many British Infant Schools by providing opportunities -
for greater pupil initiative and for learnirg through manipulation of concrete
objects.

Another approach to educational applications has been that of placing cur-
riculum material so as to conform o the structural properties of Piaget's
developmental stages (see, for example, the Macmillan elementary school science
series). This approach to application is complicated by the fact that rather
striking differences in development occur within the space of a few months and

" children within an othe rwise homogeneous group show marked differences in cognitive
development. Above all, it is complicated by ambiguities in Piaget theory. There
is increasingly evident confusion concerning what constitutes a performance at the
concrete--or at the formal--operational level, in logical or in mathematical
problem solving typically required in schools.

The current pressure to formulate instructional objectives behaviorally,

which has become a major feature of several curriculum projects attempting to
individualize instruction, begs the difficult question of how such objectives are

to be decided upon. Whatever merits may lie in this approach are unlikely to be
realized unless cognitive structures involved in given tasks and the processes
whereby children acquire particular intellectual abilities can be formalized. Thus,
a test of this position could be enhanced by an improved Piagetian analysis. However,
the implementation of precise instructional goals by means of the careful design of
instructional materials--even putting them into programmed form--may be effectively
limited by the social interactions between teachers and pupils, as has been
demonstrated with programmed booklets merely handed out to pupils by their teachers.
What is requited is an understanding of the process whereby a child copes with the
school environment, which includes the teacher, other pupils, and instructional
materials.

i a
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1f the influence of the school environment and teacher on a child's behavior
are sharply reduced or controlled, as in Piaget interviews, it is often found
that most children are ahead of the classroom J‘emands in terms of basic intellectual
skills, but receiving little or no help in applyi~g them in the classroom (I241ST,
1969a, b, c¢). The curriculum is typically designed to move gradually from a simple,
one- or two-variable analysis of phenomena through formal methods like aricametic,
graphing, or algebra, to more abstract and complex analyses, but the child oiften
has leaped intuitively to the more powerful abstract level of theorizirg which is
difficult for him to formalize or operationalize. One can predict that he will
consequently be rather discouraged at the slow progress of formal instruction and
bewildered at what often must appear as an arbitrary adoption of formal definitionhs,
methods, and measurement operation in the name of scientific inquiry.

To be sure, the processes to which the child is being introduced may be
authentic and recognized as the most appropriate for advancing man's knowledge
of natural phenomena. However, the child who, for example, has already organized
his experiences with mechanical phenomena may feel quite confident in his under-
standing of objects in motion or static equilibrium of forces at an abstract level,
simply because he has gained a great deal of control over his bodily actions in
running, jumping, swinging, seesawing, bicyclirg. etc. If he regularly employs
dynamical concepts which are more abstract and less operational than the curriculum
allows, he will lack intrinsic motivation to undertake the fundamentals of measure-
ment and kinematical description. Moreover, the processes of inquiry judged most
appropriate for physics, chemistry, biology, etc., today may not be so appropriate
tomorrow nor at all appropriate in new fields of investigation like ethology,
genetic epistemology, and classroom interaction. Here, greater reliance on
intuitive methods may be necessary, since, without a considerable intuitive knowl-
edge of a phenowmenon, it is very unclear as to what should be measured or recorded

in order to study.it more objectively.

Piaget's theory provides a means of representing the informal way in which
children conceive their world, which should make it possible for the educator to
chart a pathway from their own conceptual frameworks and more intuitive methods of
inquiry to the more scholarly ones the school seeks to help them attain. By
bringing them along such a pathway, it should be possible to avoid much of the
present frustration that both children and teachers experience and to give them a
more balanced competence in intellectual methods. However, accomplishing this is
sure to require a great deal more special competence on the part of teachers than
current instructional methods do. 1In particular, teachers will have to become
adept at making on-the-spot judgments as to which of several alternatives is of
the greatest educational value. This requires ability to judge children's motives
(vhether intrinsic or extrinsic to the matter on which they are working), if the
latter, whether there is a reasonable chance that intrinsic motivation can arise
from the extrinsic ones at a given stage of intellectual development. It also
requires that there should be immediately avaiiable, tested materials which children
are likely to enjoy using and which are likely to provoke them into a desirable
kind of activity.

‘Judging whether any ongoing interaction between children and their environment
is educationally valuable or not is perhaps usually no more reliable a process than

valuable. We lack adequate means of doing either. It may be expected to be more
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valid because activities alwvays need to be justified to children, their parents,

ard teachers as intrinsically valuable. Second grade should be a ''good year" not
just a good preparation for third grade. Perhaps there is merit, from the practical
point of view of teacher training and teacher assessment, in emphasizing the
judgment of on-going activities--recognizing that in some instances the ends-means
continuum starts and stops with a particular value judgment made on the spot and,

in other instances, that it may be traceable through a complex of causal inferences
to some more permanently held goal.

J. A, Easley, Ir.
October 20, 1969
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USE OF COMPUTERS IN SCIENCE EDUCATION RESEARCH

Introduction.-—Computers have come to play a more dominant role in both our

ongoing instructional activities as well as within educational research.

On the one hand, the computer's capability for resolving problems of

~ accuracy, logistic;, and‘complexity have added significantly to large

.group instruction. Perhaps, more importantl} for science education research,
computers allow for'procese control experimentation. The major point of

. this presentation will be to illuminate how process control experimentation
in science education may providé more meaningful answers for your future
resea?ch activities.

Unfortunately, the use of computers tends to be known by the nature
of their application. When considering the term"Computer-Assisted Iustruc-
- tion" (CAI), one thinks of the following kinds of applicatioms:

1. Drill and practice that provides a potential automation of
the problem solving routines or homework to be mastered by a student.

2. Tutorial approaches that attempt to replace the teacher in
‘ as complete a manner as possible.

5. Problem-solving tasks that use the computer both as a prpblem;'
structuring device and ;s a calculational device for generating answers.

4. Simulation that attempts to replace many of the empirical
activities such as found in a science laboratory with symbolic represen-
tations handled by the logical and stochastic qppabilities of\computefs.

S. Evaluation via computer that leads to both sequential testing

and more sophisticated forms of data analysis.

.
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These alternative interpretations of CAI are listed primarily to
indicate the wide range of computer aids to ;cience education research. -
xhe problem, though, remains one of developing a theoretical framework
go as to undevstand under what conditions and for what purposes a com-
puter can be wisely utilized. For the purpose of this paber, I will
intersperse questions to hopefully provoke later discussion and gain
greater insight as to the nature of the'condifions and potential payoffs
from the use.of cbmputers. |

Question 1.--How should we formulate the theoretical framework

" for- the use of computers in science education research, given that the
. range of applications start from "here and now” instructional uses to '

potential, esoteric activities like simulation?

Question 2.--How might we sepafate out'the goals of research from

the goals of -instructional development in order to gain greater insight
as to the potential payoffs from the use of comp;ters?

As a tentative énswer, I have formulatéd three levels of research
éurposes and associated activities. While initially these three levels
seen to span along the continuum'from'b;sicJto applied research, it will
.become clearer that the nature of the three levels both interact and

repregent complexities among them that are highly impbrtant.

Level I.-—Behavioral Processes Within Science-ﬁducation Tasks. The main

. purpose of many researchers is the identification and explication of
relationships among the basic behavioral processes within a student as he

. attempts to successfully complete a science education task. Borrowing

L4

1iberally from experimental psychology as a source of theoretical concephs,

the areas of perception, learning, memory, and- rule-governed behavior have
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+ been looked at seriously via the use of computers. In regards to perception,
the basic processes of discrimination, both among simple signals and sym-
bolic representations, have been actively pursued by William Uttal at the
University Af Michigan. Utilizing computer control, the approximation steps
or span of confusibility between two discriminatable stimuli have been
.gystematically altered in order to better reveal the nature of discrimina-
| tion processes. The major outcome has béen an elaboration of the complexity
of the similgrity.and difference sequencing rules for embedding within an
' educational task. This outcome is of special importance in terms of its
implication for curriculum construction. |
In turn, Gagne has proposed a hierarchial framework for considering
Ehe complexity of seven learning proceéses. Utilizing Gagne's backward
* " iterative task analysis procedure, colleagues at Florida State University
are using computers to test out the relationships and sequencing among the
processes proposed by Gagne for a given science education curriculum. In
turn, the role of memor& has come to play a greater consideration within

people's views of the basic nature of human problem-solving. Such work as

exemplified by.Johnson at the University of Minnesota in focusing oh the
conceptual associations found within physics exemplify this investigationm.
The role of the computer in this line of inwestig;tion has beeﬁ one of .
both controlling the timing of imput and retrieval events and attempting
to épaﬁ the zoneé of understanding that have .been recognized by such

. people as Brown and Suppes.

And lastly, investigators such as Jénkins have been closely looking

at rule-governed behavior and especially as to how these rules are acquired.
These rule-governed behaviors may, in fact, characterize much of thé

conceptual underétanding found in the physical .sciences. Utilizing novel

-
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tasks, Jenkins has been exploring the nature by which adults infer rules
to solve complex tasks via the use of a compnter. Thus, all of these in- !
vestigators can be characterized as attempting to better understand the
_behavioral processes within an 1nstruetional task. Giving secondary im-
portance to the rnature of the task or the precise ‘experimental conditions.
the role of the computer is primarily one of giving better control over

the experimental conditions. This leads in tnfn to the following questions.

Question 3.--Precisely how does process-controlled experimenéation'.

 via computers give one better insight into the behavior of students?

- ' Question 4.--Should our experimental designs of the future involve

more sequential stages by wnich we have a better 1nteraction.between the

egperimenters' evaluation of the data and the condifions posed in sequence D
" . for a student within a complex experiment? |

| Question 5.--How might on-line data analysis results influence | .

tne'growing complexity of these potentizl experiments?

Level II.-Instrucnional Processes Within Science Education. ' Researchers °
who focus on instructional processes tend to posit a broader framework

that 1nvolves at least the conceptual nature and structure of the learning

materials, the current level of performance ofithe atpdents as well as the

nature of the instructional procese 1tse1f.

Within the "systems model" for 1nstruction, the first component
.usually concerns the learning goals and curriculum_content structure. For
science education 1; hes been proposed that .the baeic relationship between
the structure of the curricnlum concepts and the benavioral processes to
be gained by the studznt should have a closer %elaeionshin. Pexrhaps

computers might facilitate these'telatipnshi}doby the .simple means of

, .
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gimulating both the content and the student as a series of algorithmic
steps within a student-curriculum simulator. While this is pure conjecture
at this point, people are attempting to investigate this possibility, as
noted by the work of the Stanford group in mathematics.

In turn, consideration of the entry performance level of the
st;dents is typically considered. Coqputers are being utilized for their
more effective surveying and identification of strengths aﬁd weaknesses .

of given students. Third, the role of behavioral objectives has cuiie to

play almost a major theoretical influence within this second level of

instructional processes. How the computer might relate to these behavioral

" objectives in an imstructional form is.still in its most exploxatory
stage.

The fourth component, that of imstructional strategy is both the
most ambiguous, and the one with greatest promise for future research. It
can b2 contended that imstructional strategies can be broken down into four
types o psychology of instruction. One, there needs to be a psychology
of directions for instruction, as might be illustrated by the use of flow
ctarts, or sequentially structured steps as opposed to our typical verbal
directions offéred to the students. We have little understanding of the
functions of directions‘and‘how these interact with students. Second,
there is a need fo¥ a psychology of presentation that especially focuses
on the role of media as it transcends just the best representation of
coacepts. The investigation of student aptitude by media interaction
is ;ne current exampie of research in this area. Third, there is a need
for c psychélogy of instructor/student dialogues. While naturalistic
observation schemes have t en utilized in this area, tke nature of ;hese

dialogues can become much more precise 2s one attempts to implemeant thea

et
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on computer systems. And lastly, there is a need for greater understanding
of the relationship between the psychology of errors, the process for

correction, and the assignment of remediation.

People working in this second level would propose a &ifferent way
of considering the behavioral processes of students in developing new
psychologies that are distinctly different from that of experimental
psychology found in Level I. As a last step, coﬁputers have played a 1
significant role in the evaluation of a new curriculum. This has primarily
been in more sophisticated ways of relating the outcomes to the particuiar

-cost. A few remarksiin terms of cost-effec¥iveness might be pertinent
in one's long term view of.a program of. research. This "Systems Approach,”

thus can lead to the follbwing.kinds of questions. ' ' .

Question 6.-——How miéht éomputers be qtilized for tﬁé analysis

and generation of new science curriculum materials?

Question 7.-—How might computers be used in the more appropriate
assessment procedures for the entry or curren behaviors of students

within a éiven instructional sequence?

Question 8.--How might computers be-utilized for a better dialogue,h-

 especially in regards to their awaremess of an involvement with the

behavioral objectives of the curriculum?

Question 9.—-How might computers be utilized within the formal

investigation of instructional strategies, especially as emphasized

between the degree of learner control of the process as opposed to the

g ’ --instructional systems control?

Question 10.--How might computers be utilized for a more timely

form of evaluation?
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Level III.—New Instructional Systems for Science Education. There are

many investigators who, sounding almost atheoretical in their comitnent.
are attempting to develop new instructional systems. These investigators
look upon the computer primarily as a problem-solving device to be used
by the student for gaining greater sophistication and mastery of the goals
of a given science curriculum. But more importantly, they are attempting
to develop new science tasks that are more simpatico with the ultimate
goals of science education. As examples, there are those who are attempt-
ting to automate the homework process and make the prescription of the
amount of homework a function of both student's performance as well as

the expectations from the instroctional'sjstec. Secondly, many inwestiga-

tors are creating new science games, as well as problem solving tasks that

.depend on the computer for solution. In what sense does learning how to

program a computer add to the behavioral process underpinning of a student

as he ultimately approaches a career in science. And, last, but perhaps

'most importantly, there is a very active investigation of the replacement

of many ecience laboratory activities with computer simulations. Perhaps
‘the outcome of this is still premature, but the present results are‘highiy‘-
promising. While many other new examples of instructional systems tasks
;sing computers could be named and are currently being created at this
time, the following oueétions seem to be reasonable results.

Question 11.—Can one identify the characteristics of the computer °

as a problem-solving device that could best match the assignment to some

science task, be this laboratory or conceptual in nature?

Question 12.--How doee the cost of.technology relate to the ultimate

cost of these new instructional systems?
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I truast this Srief outlipe and .accompanying questicns will prove
sufficientiy provocative that during my oral nresentation you will feel

free to identify the questions wost reievant for yohr current interests

and commitments.

Duncan N, Hansen, Director
Computer-Assisted Instruction Center
Florida State University

Room.-lA Tully Gym

Tallahassee, Florida 32306
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THE DESIGN OF RESEARCH IN SCIENCE EDUCATION
\' ON THE BASIS OF LEARNING THEORY#

. Joseph D. Novak
Cornell University

Research Should Emerge From and Contribute To Learning Theory

In 19563, the Journal of Research in Science Teaching was launched. The

first paper in this Journal was "A Preliminary Statement on Research in
Science Education" (7). In that paper this writer argued that there is a need
for basing science education research on learning theory. It was suggested .
that cybernetic theory may have some value in the design of learning, but that
there appeared to Le no adequate learning theory and virtually no evidence
that scicnce education research in the past had been based on learning theory.
Also in 1963 David Ausubel published his book, The Psychology of Meaningful
~ Verba) Learning (1). W¥hen my students and I first studied this book, we felit

that Ausubel had assembled what could become a useful theoretical base for
the design and interpretation of research in science education. The later
" books by Ausubel and his associates (2,3) have expanded considerably the theo- .
retical formulation presented in 1963 and now provide what I believe to be a
very adequate base for designing and interpreting research studies.

At this time, then, I submit we have an important theoretical base for
the design of research in science education. You may wish to explore the
theoretical suggestions of Bruner (4), Gagne (5), Piaget (6), Smith and Smith (12), -
Skinner (10), or other psychologists, but in the judgment of my graduate students,
Ausubel presents at this time the most heuristic theory for proceeding in the
design and analysis of research. '

The critical distinction Ausubel elucidates is between rote reception
learning and meaningful reception learning. In rote reception learning new
knowledge learned is not associated to form some kind of conceptual base or
. is not associated with prior concepts; whereas in meaningful reception learning,
new knowledge is associated to ideas or concepts in the learner's cognitive . !
structure. The task for effective recepiion teaching is to plan instruction '
so that new material can be learned meaningfully, and it s to this end -that
Ausubel directs his attention.

In figure 1 a schema is shown to illustrate several important elements
of Ausubel's theory. Meaningful learning occurs when there exists in the
learner's cognitive structure some representational equivalent between.language
and mental content. The cognitive structure is represented in figure 2 by
a network labeled "subsuming concept™. Subsuming concepts allcw related new
information to be readily accepted into a learner's cognitive structure, with the
subsequent loss of identity or dissociability of the acquired information "bits".
Ausubel refers to this as obliterative subsumption, and this always occurs after
new information is meaningfully acquired. Though obliteration of recall of

# Paper read at the NARST Research Training Conference, Chicago, Illinois,
Novemoer 12, 1969.




specific knowledge bits occurs during subsumption, conceptual structure is
enhanced, thus facilitating further acquisition of new knowledge. An important
factor is that newly learned material is not immediately subsumed but as time
procceds, the new knowledge becomes progressively less dissociable from the

. generalized concept until it can no longer be recalled. Thus, subsuning

concepts facilitate new learning and short-term retention, but eventual loss of
discrete knowledge bits also occurs as cognitive structure is elaborated.
Knowledge bits not associated with concepts may be rotely learned (open

circles in figure 1)or may not be accepted into the cognitive field (repelled
solid circles). However, rotely learned knowledge suffers relatively rapid
irretrievability.

Concepts can be related to each other or to some larger concept. For
example, the concept of mass and force can be related to acceleration. As
a learner acquires new knowledge, prior concepts can be gradually subsumed into
larger, more inclusive concepts. Thishierarchical subsumption process in-
creases further the facility with which new knowledge cam be acquired.’ Not
only does eventual loss of retrievable knowledge bits result, subconcepts may
become progressively less dissociable as distinct entities.

The ideas of subsumption are central to Ausubel's theory regarding how
meaningful reception learning proceeds. However, one may: ask why new learning
occurs in areas where the learmer has had little or no past experience and -
hence no available subsumers exist., To begin, adults rarely encounter learning
tasks where some prior ideational framework cannot be applied during early '
learning phases. Subsequent differentiation of new concepts can result to
facilitate new knowledge acquisition and subsumption processes proceed. For

" young learners, e.g., elementary school pupils, new learning may be by rote

until enough information is acquired that subsuming concepts can be formed.
Ausubel holds that for learning in areas where prior cognitive structure of

the students may not contain available subsumers, advance organizers can faci-
litate learning. Organizers are introduced in advance of the material to be
learned and are presented at a higher level of abstractness, generality and
inclusivencss than the content to be learned. For example, children might

be instructed that the primary center of growth in plants is at the ends of

the stems. Subsequent instruction may lead them to observe the size of lecaves,
length of internodes and general contrast between the morphology of stems

near the ends in contrast to lower regions. The statement regarding the
primary center of stem growth thus serves as an advance organizer. In practice,
effective instruction for meaningful reception learning would require pre- '
sentation of advance organizers in sequences with appropriate instruction
spaced between these. Thus our hierarchical series of organizers, in descending
order of inclusiveness, would be planned into the instructional sequence.

Figure 2 is a schema to show how advance organizers may serve to associate
prior rotely learned information and/or to provide "anchorage" or a subsumption
base for subsequent instruction.

Critical Variables for Study

On the basis of Ausubel's theory, it would appear evident that the
design instruction should give careful attention to the sequence in which
concepts are elaborated. Instructional design requires that progressive
differentiation of major concepts occur in a systematic manner. The use of
advance organizers in the instruction should facilitate learning. An important
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kind of rescarch would invelve what Scriven (jj) has called formative
evaluation. Substantial research efforts are needed to see whether or not
varying sequences of concept presentaticn results in more rapid assimilation
of the concepts, as measured by learning times such as the time spent in audio- _
tutorizl study, or by the better acquisition of highly differentiated concepts..
The latter would be evidenced in terms of the relatively greater power of

. tranefer of learned concepts to new situationms.

The variable of time is one that is too often ignored in the design of
rescarch dealing with science teaching. ' Frequently we lcok only at relative
achievement and ignore completely the time required by students to reach a
certain level of mastery. Since it is becoming increasingly apparent that
most normal students are capable of learning the subject matter we have to
present, the time variable is in many ways by far the most important. Ome
of the promising aspects of audio-tutorial instruction £s that we have a -
systematic vay of monitoring learning time, for most of the fmportant learning
occurs in the audio-tutorial study center and it is easily possible to record
this time as suggested by Postlethwait and others ( 9). :

Since we are interested not only in knowledge acquisition but in the
-organization of this knowledge, the research evaluation instruments should
appraise’ the ability of students to solve problems different from those
presented in instruction as well as the acquisition of factual information. .
The quality of concept learning is probably best indexed by the success a
student has in solving problems in an area to which the concepts are relevant.
It has been suggested that the relative level of concept attainment can be

. Indexed by the relative difficulty of problems an individual learner can solve
-in a given subject area (8). There is increasing evidence that the develop-

" ment of concepts or subsumers as Ausubel refers to functional concepts;

facilitates the acquisition of now, relevant information. Therefore, the

acquisition of subsumers is important not only for transfer of learming to -

new problem situations but also for facilitation of the acquisition of new

knowledge. This is illustrated in figure 3. . In this figure we see that

students who have been classed. as pussessing high analytic ability, that is

these students can do better than their classmates on tests of problem solving

ability in botany, also show a marked increase in proficiency in acquiring y

new knowledge for a given interval of study time. This kind of data is highly -

- supportive of Ausubel's theory that the presence of highly differentiated '
subsumers in cognitive structure not only permits transfer to new problem
situations but also substantially enhances the rate of new knowledge acquisition.
Much more research on these variable is needed. L

It was suggested above that time variable is an fmportant but often
ignored variable in learning research. Another form in which this variable
should be analyzed is with respect to the efficiency of alternative instruc-
tional sequences. The audio-tutorial modality provides an ‘easy opportunity
for trying two or more sequences for attainment of defined learning objectives. - -

By monitoring student learning time when they are assfgned to one or the other -

" of the learning sequences, and also by appraising their relative attainment
at the end of the learning time, one has a.two way index of the efficiency
of alternative sequences. Examination of these sequences may suggest where
redundancy or the lack of organizers or the inadequate development of necessary
subsumers may have curtailed learning in one of the sequences. To be sure,
an element of trial and error is involved in this kind of exploratory research,
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but this is what is called for in good formative evaluation and this kind
of research is very much needed in the study of education. :

Since students come to us with widely varying backgrounds, it is evident
that they will have available to them a differing array of subsumers in
cogn tive structure. The student who is particularly interested in chemistry
may have highly differentiated subsumers in this area vwhich will facilitate
learring in certain areas of another science. Conversely, the student who
lacks these subsumers or who has a highly differentiated cognitive structure
in another area such as history or literature may find little facilitation for
learning science but a substantial facilitation for learning in another field..
Therefore, it is less relevant to look at the factual information students
have in a subject area as they enter a course but rather to attempt an
assessment of the potential relevant subsumers they have for the discipline.
The best method for this assessment is to present the students with micro-
learning tasks and monitor the time required for them to attain given levels
of achievement on these micro-learning tasks. This is, according to Ausubel's
theory, one of the best indices for the availability of relevant subsumers
and consequently, the best predictor of potential success in the course to
be studied. Information from this type of pre-instructional analysis can be
useful in-the improvement of instructional design as well-as in the better
assignment of students in multiple section courses. '

-
»

Relevant Research

If one is willing to extrapolate substantially from research findings,
the entire literature dealing with the use of various media in instruction, vary-
ing group size and pupil achievement, student and teacher variables related
to pupil performance, and personality attributes and their relation to per-
formance all indirectly suggest how science instruction can be effective.

Our own survey of much of the science education literature showed very few
gstudies based or Ausubel's learning theory and it was necessary 1o extrapolate
many of the findings or to guess at the methodology employed in the study to
interpret the findings. The general picture obtained through this survey
suggests that audio-tutorial approaches, being individualized in nature and
employing a varicty of media, should be more effective than traditional
lecture-laboratory approaches for science teaching. Moreover, the important
and powerful feedback arrangement that one has in an audio-tutorial center
for identifying weaknesses in the instructional sequence permits a screening
of  instructional practices and a convergence toward more’ efficient in-
structional sequences than could ever be obtained under traditional approaches.
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Pre-session Information to Participants
NARST Research Training Session

STRATEGIES FOR CURRICULUM EVALUATION: Three Case Studies in Science

. by

Wayne W. Welch
University of Minnesotz

.

The purpose of the sessions devoted to surziculum evaluation in science is
to familiarize particiéants with some of the evaluation strategies and methods
of analysis curreniiy being used in science curriculum projects. The approach
we ghall follow is the case study approach. Three evaluation programs, one each
at the elementar&, secondary, and college level have been chosen to illustrate
several of the recurring thémes 1n‘the process of evaluaticn. The purpose of

this paper is to define several elements of science curriculum evaluiticn and

to offer some background information concerning each of the three projects.

- I What {g Curriculum Evaluation?

-

There is a geﬁeral lack of specificity regarding a definitior. of curriculum
evaluation and its ohjectives. To provide a cowmon ground for discussion, the
following definitions are presented.

Curriculum is here defined as a set of materials or planned esperiences

designed to accomplish certain stated or implied objectives. Im science,
curriculum has traditionally consisted of syllabi, courses of study, and text-
bocks. Recently the science curriculum has been dominated by‘the alphabet
programs sponsored by the federal government: PSSC, ESSP, SCIS, etc.

A distinction should be made between curriculum and instructional method.

Curriculum is the content that acadeﬁicians, society, and teachers decide




children should learn. Methcds of instructions are the means by which this is
accompiisﬂed. Curriculum is the "what" that is to be learmed. Ins‘ruction is
the "how." Within these definitions, it sﬁould be noted, in fact expected,
chat there will be interaction between curriculum and instruction. Evaluation
strategies should accomodate the possibility of this interaction.

Evaluation is the gzthering of information for the purpose of making
decisions. Curricular decisions generally are made by funding agencies,
developers, and eventual users of a program. Evaluation differs from basic
resesrch in its orient;tion to a specific program rather than to variables
common to many programs. The objective of educational research is to gain . ]
generalizable knowiedge about‘the practice of educ;tion; evaluation seeks to
provide a basis for making decisions am...g3 alternatives. Evaluation is con-
cerned with questions of utility tyat has idéntifiable components of
description and judgment.

Curriculum evaluation serves two important function;; first, it provides
a means of obtéining information that can be used to improve a curriculum,
and secondly, it provides a basis for decisions about curriculum adoption and
effective use. The former is generally called formative evaluation, the

| ~ latter is usually referred to as summative evaluation. The distinction between
these two functious is in the manner in which the results are used. Ave
~decisions made about a developing curriculum (formative) or is there need to

reach decisions about & curriculum already completed (summative)?

Another component of evaluation seems to hover in the minds of curriculum
developers’ind funding sgencies. It is not formalized in the sense of formative
ard summative evaluation, but it is something I would call “supportive"

evaluation. It grows out of the needs of men to receive reinforcement for
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things they have done. Individuals who have written a curriculum program need
approval for their efforts. Similarly, funding agencies need evidence that
the dollars they have spent on a curriculu;n development project have »ot been
spent foolishly; The presence of this last kind of evaluation is often felt
and at times tends to contaminate the other evaluation activities. Whetker . | .
-or not "supportive” evaluation evolves as a well defined goal will depend on

the willingness of other curriculum evaluators and developers to recagnize

its existence. .

II. The Case Studies | -

In each case study a decision was made by the curriculum developers to
include evalmtion- in their prograni. The nature and purpose of the evaluation
was maot clearly specified, yet tﬁere was a feeling among the authors thai;

some kind of evaluation should be attempted.

For tpe purposes of the training :iession, you are to suppose that you
have been called ir as an evaluatior consultant to design and implement an

. - evaluation program. A brief description of each curriculum is presented here
for your information. Nome of the descriptions are very specific, but each

typifies the usual starting point for curriculum evaluation. Most of the

- material vas selected from statements of objectives written by the curriculum
developers. Please read over each case study and fomuiate in your mind what
you would suggest as an evaluation strategy. At the Research Training Program
we will discuss some of the evaluation activities that actually were done and
provide am opportunity f’o'r questions and criticism. In this way, a better
understanding of evaluation stratagies and methods of analysis should be ob-

um.

©
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CASE A - THE CAMBRIDGE ELEMENTARY SCIENCE PROGRAM: An elementary

science series developed by 2 commercial publisher.

Introduction

The project in which we are jointly participatirg is in many
respects an educational adventure. While the development of an
educational program is not new, the scope and organization of this
project are unusuat. To our knowledge, no science program other
than those sponsored by agencies or foundations will have been
given as rigorous and professional a trial as the Cambridge Science
Education Program.

The Cambridge, Science Education Program began as an idea some
two years ago. The authorship was selected from the raanks of the
leading educators, scientists, and science-writers across the
country. 1n the interim from then until now, the authers and the
representatives of the publisher have endeavored to structure the
most current and sound science program possible.

The Program -- Point of View

.

Ultimately, the Cambridge Science Education Prograa will be a
complete science curriculum for grades kindergarten through niae.
The field test will involve student text materials for grades ome
through eight. '

One of two approaches, at opposite ends of a contirnum, is
generally ascribed to an elementary science program. One is
"content”" and the other is "process". Each approach has its dis-
tinguishing characteristics, some of which are usually shared by
the other. The Cambridge Program most accurately represents a
blend of content and process, a wedding of the two points of view.
As a meld, it gives due emphasis to essential content and to the
processes of science which derive that and other content. There
are few places in the program where either content or process is
highlighted for its own sake. Rather, effort has been made to
bring them together in a consonant and supportive manner.

The designers of the Cambridge Progrém hold these goals as
paramount:

1. That the materials have scientific integrity; thac is,
that they will represent what the scientific community
at large considers essential and non-trivial science;

2. That the materials be flexible and feasible; that is,
that they can be effectively used, understood, and
enjoyed by teachers and students of varying interests
and talents;

Several steps have been taken to realize them. For erxample, five
.scientists are a part of the project team. They £fill the central role

.
e
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of identifying for development those essentials of their individual dis-
ciplines which direct us toward the goal of scientific integrity.
Others. on the team represent the educational community and contribute

to our rcalization of flexibility and feasibility. Three writers, of
unparalleled stature, create the manuscript which is based on outlines
from the scientists and on suggestions from the consultants and which,
in its totality, comprises the basic program. An activities specialist
‘prepares appropriate and integral 1nvestigations to strengthen the
manuscript.

There are other characteristics of the program which are apparent
in its contents. They are as follows:

l. The program s carefully articul ated, vertically as well as
borizoutally, so that there is continuity and sequence of
development thrcugh the grade levels and a cohesiveness at sny
one ,grade level. . : -

f .

2. Attention is given to ihe acquisition of learnings in depth.

3. The program gives emghasis co the spirit of science, to the
nature o{ ~cience and scientists, and to the relationship"
.of science to other £fcices and developments in our society.

&o. Throuwgh word, illustration, and activity, it is pointed out
- and reinforced that science is a human endeavor, that
scienc2 is not always as clear a line as it often appears,
- that uncertainties permeate science, that science is, at
times, free-wheelirg and open, and at &ll times, dynamic.

5. Many opportunities are provided for children to investigate, .
to think, to ponder, and to question.

6. Finality and definiteness are not given the highest place.
Indeed, there are times when ideas are presented as black-
boxes where answers are not or cannot be provided.

7. This science program is for children to learn and teachers
to teach. If the material fails them for any reason -
inappropriateness, difficulty, readability, or whatever -
every effort will be made to rectify the problem. Our
major hope is success - for the learner and for the teacher.
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CASE B - HARVARD PROJECT PHYSICS; a secondary school level physics course.

In 1965, this project decided to include research and evaluation as an
integral parﬁ of its curriculum development. A considerable amount of material-
has been publishecd concerning the evaluation of thig program, however, the
final results of the evaluatioﬁ provide many examples of the variety of methods
and techniques that can be utilized in curriculum évaluation.

Attached as an appendix to this document are copies of a ﬂewsletter des-
cribing the rationale and objectives of Fhe course together with three reprints
that explain the ;valuation design that was chosen. For this curfiqulum

project, wenﬁill concentrate more on methods of analysis and results than on |

designing an evaluation strateéy.

L aman e e
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CASE C - A college pﬁysical science course designed primarily- for non-
science majors.

The third case study which we shall examine has an additional component
to those previously mentioned. It is a course that has already been
completed and is in the hand; of a comercial publisher. However, it was
supported during development by ; federal agency, and that agency has now
agreed to support an eviluation of the program. Prior to attending the work
sessions it would be us?ful to read the description of the course and consider
~ the model of evaluation you would suggest. Statements of objectives and
-general rationale for the course are ligted below.

GOALS
One of the major goals of this course is to improve the students’
attitude toward science and to give them the feel of the scientist's ﬁ
_ approach. The project staff feels that neither of these goals is ]
attained with a survey course which presents a wide range of factual i
material for the student to learn. The essence of science is not the
learning of facts, but the asking of questions; not memorizing, but
vondering; not being told, but trying to find out. Many of the students
= -<in a course such as this are prospective elementary-school teachers. Our
~"goal is to convince them that they will teach science best not by knowing
all the answers, but by encouraging the children to wonder about the
world around them and perform their own experiments.

With this attitude, teachers will look forward to the scicnce
period in anticipation of cooperative exploration, not with anxiety
about being unable to provide answers. The student under pressure
to learn a large amount of subject matter hasn't time to wonder;
to ask questions; to try to find out; to get into difficulty, as
the practicing scientist does; nor to seek a better way of finding
out. Yet without these time-consuming processes, a student cannot
get the feel of science. To make time for the student to explore in
this way, one must ruthlessly omit some areas of physical science that
are comnonly “covered" in a survey course and focus on some topic that
lends itself to simple experiments with familiar materials, preferably
one that shows the intimate interlock of physics with chemistry.

In this course the topic under study is the nature of sclid
matter - vhat it is like and how we find out about it. The text
is called, significantly, AN APPROACH TO PHYSICAL SCIENCE. This is
only one of the many possible approaches; other approaches will be
used, we hope, at some future time in othei courses - courses also
generated for the purpose of giving studeats the feel of doing
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science. In a course with a focus, as opposed to a survey course, the
topic in focus can be pursued in sufficient depth so that students
gain confidence in results based on experiment, and thus see how we

" learn what we know.

Another member of the staff defines the course objectives this

 way.

We feel that the major objectives should be the evaluation
of changes in studants' attitude towards science as a result of
this course experience, and that a secondary objective should be
the evaluation of improvements in the students' undecstanding of
the processes of science and their ability to formulate questionms
and seek answers in the manner of a scientist.

The stated objectives of this course are listed below: "’

Substantive _
~ 1. To teach nonscience students how to go about studying
. natural phenoemena and how to formulate questions about

physical situations. .

2. To teach nonscience students how to propose models and hypotheses
to aid in understanding the behavior of matter and energy.

3. To teach nonscience students how to design simple, controlled
experiments to test their hypotheses . '

4. To teach nonscience students how to analyze experimental
results. ’

: 3. To stimviste an awareness of problems of current interest
: to scientists-:

6. To provide for nonscience students a basis for recognizing the
limitations of science.

Attitudinal:
1. To encourage the observation of natural phenomena, and to

convey to nonscience students a sense of the beauty of the
natural world.

2. To demonstrate the power of logical analysis, and to persuade
ponscience students that with effort, every intelligent in-
dividual can learn to analyze events in a scientific manner.

3. To develop in prospective teachers an appreciation for the use
of simple, scientific apparatus to illustrate an idea.

4; To generate in each nonscience student a confidence in his own
ability to seek successfully aanswers to questions about the
natural world. :
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Chairmen: John Montean, Stephen Winter

D. Arnold, W. Berryman, J. Bowles, H. Hein. W. LaShier,
D. McCurdy, C. Nelson, S. Novick, J. Shaff, J. Schmuckler

Research on teacher characteristics
Chairmen: Willard Jacobson, Wayne Taylor

D. Butts, R. Oletad, E. Oshima, R. Yager
Research on inquiry teaching
Chairman: Robert Buell

R. Bingman, T. Cleaver, R. Doran, J. Gallagher
Special topics
Chairmen: Clarence Boeck, Milton Pella

H. Anderson, R. Bridgham, S. Schirner, A. Voelker
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E-1. Wolbasser Objectives and Assessment Taske
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IV~-¢:

VII - A:

VII - B:
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0BJECTIVeS

Construct a research investigation including the research hypotheses,
overational definitions for the manipulated and responding variables,
definition of the experimental unit, description of insrumentation,
and procedures for execuvicis

Construct an operational definition for the manipulated and responding
variables named in a research hypotiesis, given a research hypothesis
or a research report,

Construct an experimental design where the individual is the
appropriate experimental unit,

Describe the appropriate experimenta. unit for an investigation, given
a written description of the research,

Identify the experimental unit used by the researcher in a study,
given a written report.

Distinguish-among nominative, dsnotative, connotative, and operational
definitions; given a list of statements of definitions,

Construct a research hypothesis for a written report of research, given
the written report without the stated research hypothesis,

Identify and name the responding varigble and the marnipulated vara.able
in & research hypothesis, given a statement of the hypothesis,

Distinguish betwesn examples and counterexamples of research hypotheses,
given a list of statements,

Construct revisioms in a research design to reduce the likelihood of a
threat ¢o an inves tigation fof each threat identified by the learmer,
Descrzhe the data En;.%‘-coﬂd be provided in support of a responding
variasble measure, given a research hypothesis and/or a research design.

Construct brief descriptisns of research to illustrate esch of the
seven threats to the zeneralizability of conclusions.

Censtruct revisions in a research design to reduce the likelihood of a
threat (Campell and Stanley list} in an investigation for each threat
identified Ly the learmner.

Describe the data that could Le e¢cllected and presented to support
each needed assumption in a research report, given a research report
and & list of assumptions constructed by the learner,

Identify and name threats to the generalizability of conclusions
drawn in & vessarch report,

Construct bLrief descriptions of an investigation whi:h illusirate each

threzt (rival expl a.na.tl.on) , given a list of rival esplanations advanced

by Campell end S'can]ey their chapter in the Harijbook for Research
on Tea.ch;mp.




L | -

VII = C: Identify and name the assumptions acknowledged by the author of a
research report, given the research report,

VII - D: Identify and name the assumptions that need to be made to accept a
researcher!s conclusions, given a research report.

VIII - A: Identify threats to the validity of & research investigatiou's
conclusion, given the description of an investigation an< a list of
rival explanations,

VIII - B: Describe whether a research report distinguishes among findings,
conclusions, and recomnendations,

VIII - C: Identify and name assumptions, given a simple argument,

IX - A: Distinguish among findings, conclusions, and recommendations, given
a list of statements,

IX - B;: Identify and name findings, conclusions, and recommendations, given
a research report.

©
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Assessment. Tasks:
- - - Pefinitions -

--"""], Findings: Findings are observations taken in the process of
carrying out research or statistical manipulations applied to
observations.: For example, means, percentages, frequency
distributions, correlations, results of statistical tests;
© "decisions to reject or not to reject null hypotheses are
findings. y " . ‘

2, Conclusions: Conclusions are value judgements related to the
4 - ' presearch hypotheses. After examining the research as a whole
~ - the design, the findings, the assumptions, and so on, the
" pegearcher concludes that either the research hypothesis for
his study is supported or it is not supported. For every
" hypothesis, there is one and only one conclusion.

‘ "3 ‘.- Recormendations: Recomnendations are value judgements based om
the conclusions of the research, They are usually related to
(a) practice, (b) theory, or (¢) future researche

I, Label each of the following statements as findings (F), conclusions (C),
.- pecommendations (R), or none of the *hree (N). Use the definitions
provided to assist you in making your decision. .

Ao The mean of the experimental group is 37.8.
B.. The hypothesis that the Loys score higher than girls is
supported by the data of this experiment. ' L

. 'G. On'the basis of this research, the school system should adopt
" " the XYZ curriculum project materials,

; D". ~ Boys scored higher than giris on the creat:ivity test;;.

-
.e
RS «

'E. The data yield a correlation coefficient significant at the
0,01 level,

Fo There was no difference in achievement between the studeﬁbs whoé
had modern chemistry and those who had traditional chemistry,

II, Read research report one, Identify the ‘author's’ (a) findings, (b)
conclusions, and (¢) recommendations.

‘ A. Findings:

©
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Be Conclusions:

C, Recommendations:

-——  —

III. To what extent did the author of recsearch report one distinguish Letween
the findings and the conclusions? ,

References:

(1) Lloyd &, Homme, Coverant Control Therapy: A Special Case of Contingency
Yanagement, Paper read at the 1966 Convention of the Rocky iountain. ... ..
Psychological Association, Albuquerque, New .'exico, May 1966. -

(2) John R, Platt. "Strong Inference." Science. CXLVI, No. 30642, p. 347-
352, (October 1964). e

(3) Egon G. Guba, "Guides for Writing Proposals.” gducational Research:
New Perspectives, T7dited Ly J. 4. Culbertson and S. P. Hencley.-
Danville, Illinois: The Interstate Printers and Publishers, Inc.,

Pe ZLFO - 214-3, (1963)0

(4) John D, Xrumboltz and 'tilliam °, Yabroff. "The Comparative Effects of
Inductive and Deductive Sequences in Programned Instruction.® American
Educationzl Research Journal, II, No. L4, pe 237 -~ 242, (November 1965).

(5) Dwight W. Allen and Frederick J, iicDonald. "rhe Effects of Self-
Selection on Learning in Programied Instruction." American Educational
Research Journal. III, No. 1, p. 1 - 6, (January 1965).

(6) Robert C. Craig, "Discovery, Task Completion, and the Assigrment of
Factors in tiotivation," American iducational Research Journal, 1II,

No 4, pe 217 ~ 222, (November 1965),
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November 18, 1969

NARST Research Training Program Participants
Dear Colleagues:

On behalf of the executive board of NARST, I should
l1ike to express appreciation for your participation in
the first NARST Research Training Program. New programs,
like new courses, have a number of rough spots that need
to be ironed out for maximum educational value. We
recognize in somewhat more calm retrospect that there
were substantial areas for improvement in the program.

I am sure you share with us the belief that at least some

of our objectives for the training program were fulfilled.

Now that you can reflect upon your experience in
the quiet of your study, I should very much appreciate
a few minutes of your time to fill out the enclosed form.
This form will be used as part of our summary report and

will also be used by individuals concerned with the planning

of future research training programs. Since I am anxious

to complete the summary report, your cooperation in returning

the form promptly would be appreciated.

Sincerely yours,

Joseph D. Novak
Director

NARST Research Training Program
JDN/km

Enclosure

FORTY-THIRD ANNUAL MEETING-MINNEAPOLIS, MINNESOTA, MARCH 5-8, 1970
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SUMMARY REPORT
NARST Resecarch Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I galned conpetence
in the following research skills:

1, identifying conceptual styles employed by pupils in learning

2. observation of teacher-puoil interactions

3. Classifying some learning siructures of children and high school pupils

bo identifying effects of teacher couments on child's learning activity

5. identifying teacher insensitivity and misconceptions of pupil conceptualizati

6. gained some specific knowledge and ideas about how to employ Piagetian
cllnlcal interview eapproach for research purooses.

)
7. ,4(.5/((///// ‘./{ ¢ . A // //‘ AP {/.__,/ 571 \ / u_‘,// ) /4

2. The most valuable part of the program for me was:
le The experience of working with Jack Easley
2., The presentation by Novak on organizers (using Ausubel)
5. The sharp contrast in views of Atkin and Walbesser which served to foous
some of my own idease

3. The least valuable part of the program was (provide reasons for your
answer, if possible):
I was in a work group where the leaders were too much like me in
experience and knowledge. Furthermore they evidently had not been too
well informed about their duties or had not prepared for the sessionse.
I got a few ideaa but the_session‘mainly reinforced what I knew before.

Vf I/ZA'ML/V 4&4¢;v& 4/QJAA£$ZLLI }mwi A~ //LMA[ﬁ/ /

4, Participants I would recommend for leadership roles in future training
programs are:

Velch

Walbesser

Atkin

Novak

Bridgham (from Stanford= not leader at this conference)
Easley . '
Maybe Winter or John.Schaafl?bn4‘ 3244%¢L4 o Zﬁgﬂfﬁhbﬁboawab

/

Work Session Leader

Boeck & ‘Pblla )

Problem Session Leader(s)__Easiey

/" /} !

- Cy&
/ /, "
Submitted by:, UA?4Q«ﬁV,4.

Harold M. Anderson




SUMMARY REPORT
NARST Research Training Program

November 12-14, 1969

il

1. As a result of the NARST Research Training Program, I gained/Fompetence 5
in the following research skills:

_ﬂm»z/w/ /wb//;vé W’“"f_""w& o g g i

mx,p;,u

2. The most valuable part of the program for me was: The work session dealing
with unobtrusive measures of student-teacher behavior which can provide
valuable information regarding how children think and the processes of teach-
ing. The entire methodclogy seems to suggest a much more realistic orientation

to research to prescribe content for curriculum and methodology design than the
"expert opinion'' methods that we have used in the past.

3. The least valuable part of the program was (provide reasons for your
-answer, if possible): The last two sessions of the problem group. I
felt that these lacked value to me in that the problem sessions failed to -
focus on a definable problem in these sessions. My hope in the earlier
sessions was that this would occur in later sessions and thereby add a great
deal of meaning to what we were discussing. Instead, however, we continued
even in the later sessions to be very circular in the discussions so that at
the conclusion of the group of sessions, no conclusions were reached.

4. Participants I would recommend for leadership roles in future training
programs are:

Robert G. Bridgham
William S. LaShier

Work Session Leader * Jack Easley

Problem Session Leader (s) Jfén Montean and Stave Winter

Y.
C} S p o { L
Submitted by: /\rr-\»~-'( v) fof e o

EBiq‘ Daniel S. Arnold




SUMJARY REPORT
NARST Research Training Program
November 12-~14, 1969

1. As a re-ult o* the NARST Research [raining Program, I gained competence
in the following research suiilile:

- I‘ . .
el . . . i ; et K ..&1 " i t
<4 Teived seme aad (Tiewnd ‘““‘j‘\ s o Lhe Q\chmc.wew‘r
i, c o0 1 lood s | s~ N L
CUQ VS o g 2cTTive Cvalllly v ST U wae > i.C. S(wﬂ\/\’_‘hc : .

/s

o ‘é_re-..‘{'\‘c*’\ b\( r\i.)(-: \L(/L }-:'- :MkV‘(Ot .‘_3,

2. The most vzluable part of the program £or me was:

1 ! i

4he discossion & ‘Z’T‘e\"-“‘-‘i’t cvalocdon THehmgees and {he

, - i f v\ ) (
(v\"\“i'\v's‘ig{‘rci \/\wdrb < "QL(:S U SCCUN w{(‘t\k UJC\«-(V\( \UQ(QV\) }ec.(l'vr
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O—‘-.-'T&flé_ S veius ‘\ch\%‘va\,") c’gv\tl %t(L; Sm.u \ ‘IL 01?' A (3 /Cb/tbvg SeSSieA .
1

3. The least valuable part of the program was (provide reasons for your
answer, if possible):

A ‘e tua>'ée N *-’;o SOvae [Q\LK I ‘S"\Tvc.“rwé y L )\\‘L‘Q
'?""u{""f\ Sessiow, This ’(btﬁ\:e«xf bt aGY c,om_?cwt%[ ‘J‘C ’f‘OL
G\ﬂffk“»((\ S;CC'\WS- Qt)e-r‘.;\g&_‘?s il Q. é_chﬁss&f- ">cv.i\?uce _Svr\"'*’“v:%‘{s
o -?v‘iol,:-, scuecls ool hace \i«l{ed Sowme :?ms‘(':u\ s iﬁ”‘?\'&éo ‘f“kﬁ
't)(cc; YTV . . {

4. Participants I would recommend for leadership roles in future training
programs are:

[ Wayue el — wwlvatign

2. A reaSt’Q\'tL\ \&eb\s S@ec}_&\‘\s‘{' ( 7)

P

3 {‘\Q(&) S“/C\ k![l\ o G\_(}v\w\u '\’.(Cv:(»;cut
5. ' B - ‘ . N .
4. A .’?b‘b“\c ‘ic,\r\r:c\ SCitwuee S'\;{g\fm}m&-r(‘ )

.
]

TN
Work Session Leader ueic Wl
R -1 i -

Problem Session Leader(s) ~>wu L

A

A}

e A _//\\ e
o “~ . h
Sutmitted dby: /ey 1N AT M i—

Gary L. lAwkerman

POV




SUMMYARY REPORT
NARST Research Training Program
Noverber 12-14, 19€°

1. As a2 resulc of the NARST Research Training Program, I gained competence
in the follcwing research skills: ‘

. - - SISO ot e N5 A PRy -
i S a> Sl Gl i A N LO7 L en L5 :
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2. The most vzluable part of the program for me was:
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3. The least valuable pert of the program was (prov.de reasons for your

answer, if possible): . . )
Y = - /L H2e) E A :L D
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4. Participants I would recommend for leadership roles in future training
programs are:

« - -
S - . ’ . — & A A~ D, a2
e ->¢”/ JvlCa VAR A AN L oL
- CoaS ..—“.L‘ 7. - of oy - FE LS

A s

Work Session Leader ~—-° A% <&

. ;s .
Problem Session Leader(s) ./ . . Coe, Tl

e - »

Submitted by:.- -~ R S

JlerSeres’S

T Villiam C. -Berryma
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SUMMARY REPOKT
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NARST Researcn Training Program

November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

Q. To :'I')‘f(’r/'?rc""f' }’(‘53;;/(/." //c’Sd-.Cfé fram @ STZV-./.JF‘,,VL‘{-
6F 4 6;.,7\/&« Setf oF /{S..uw;/’?‘n.mé .

L >

= ‘ S o S
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2. The most valuable part of the program for me was:

Mhe “mbpretotim  $F  YeSeaice, YeSuwlts based n
:’) (Ve SSULW\—P"'\\JV\ S,

3. The least valuable part of the program was (provide reasons for your
answer, if possible):
Tha -J:.r,f ?mDLG,,A S 25S . We CowldaAt Secen 74
991’ u;..ncl Th Q&(K‘C)Y.v‘md X3 efpe,memce o
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4. Participants I would recommend for leadership roles in future training
programs are:

:.rim ch((o\siﬂ*?'\’; kRce
?ML l{cvj\n; K, FLC \EEL-

Work Session Leader \T:;E LacAK

b o ] ':/ r s
Problem Session Leader (s) D Sreiie

/) , - -
Submitted by: R:w\a,d Mo Dpven s
Richard M. Bingmaa/
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SUMMARY REPORT
NARST Research Training Program
November 12-14. 1969

v

1. As a result of the NARST Research Trammg Program, I g.—.med, mpetence
in the following research skills: 1 ¢lizcds ~—/ 4444/'9 ¢ cc~/"7 g
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Lopeinisd LA ome aiiy, ) i Sk //,,/ s
/ J o e oo oiminee Lol 4 7% Jé
PAALAA A . F G2 S \/ ,ea.,.,

/

/5%., Al smetn '7
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4, Participants I would reccmmend for leadership roles in future training
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SUMMARY REPORT
NARST Research Training Program

November 12-14, 1969

As a result of the NARST Research Training Program, I gained competence
in the following research skills:

I gained greater competence in analyzing proposals and reports
of research; in identifying, stating and/or evaluating
hypotheses, limitatioris, problem and hypothesis statements,
assumptions, fallacies in design, fallacies in procedures and
fallacies in conclusions.

The most valuable part of the program for me was:

The most valuable part of the prcgram was the opportunity to
meet and talk to others interested in research; there was a
great diversity in viewpoints.

The least valuable part of the program was (provide reasons for your
answer, if possible): :

I resented the domination of parts of the sessions by persons
doing "their own thing"--e. g., Watson's preoccupaticn with
obtaining federal funding for research; Walbesser's narrow
definition of research

Participants I would recommend for leadership roles in fu;ure training
programs are:

Henry Walbesser
J. Myron Atkin

I did.not have enough contact with others to recommend them.

Work Session LeaderHenrv Walltesser

Problen Session Leader(s)Fletcher Watson (Walbesser sat in)

. — " ) ~

- /. . oa "‘-C'/.". ...<_:"_( (”_ ..

Submitted by: St

/

Charlotte M. Boener

——
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SUMMARY REPORT
NARST Research Training Program

November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence

in the follow1ng research skllls
ﬁ/w f& w/w»u

L{A,VQ.A-U-
Llad s Wm w’im
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2. ¥Yhe most valuagi d of the Pr ogram for me d?a 7 R P
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3. The least valu le part of the prog i4m was (prdovide reasons for your

answer, er, if p0a51b1e)
&L&—&m -«z_, %MO%MM

4. Participants I would recommend for leadership roles in future training
programs are:

Work Session LeadertﬁJCLLw~k, Qéljz\,
Problem Session Leader(s) Aaaj&ﬂ//’~$;AAZ:C

cubascced by %,@/ 2 zgmﬁu

Jose E. Bowles
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SUMMARY REPORT
NARST Rescarch Training Program
November 12-14, 1969 -

1. As a result of the NARST Reqea*ch Training Program, I gained competence
ia the following research skills:

The interpretation of student and teach behavior in instructional settings:
specifically the construction of "models"” for beliefs from postural and
linguistic cues.

The testing of hypothesized models of beliefs by variations in the tasks set
for instruction.

2. The most valuable part of the program for me was:

-

The work sessions. The opportunity to practice skills on "real" materials
and to discuss the contexts (research and practical) in which these skills
might be useful was most helpful. .

" "

3. The least valuable part of the program was (provide reasons for your
answer, if possible)-

The problem sessions. Because the sessions lacked a clear focus and had no
clear ties with any concrete problems they tended to generate "alry" argument
and pont:.f:.cat:.on

4. Participants I would recommend for leadership roles in future training
programs are: ' '

Wdrk sessions : Easley

] Problem sessions: Boeck |
Pella - ) : ) i

} Work Session Leader

Problem Session Leader(s)

Submitted by:_Robert G. Brld,ﬁ,ham




SCHOOL OF EDUCATION

December 30, 1969

Dear Joe:

I did some thinking about the research training sessions and would suggest
three changes if we are to have a re-run. I thought the sesisions were
effective on occasioas, but that too much time and energy ware lost because
of unfocussed, "what do they wanti" meandering.

STANFORD UNIVERSITY
STANFORD, CALIFORNIA 94305

211

Reduce the aumber of senior men involved. Mos:c seemed to be
11 L

at "loose ends" through the work sessions and to be "protecting"
prepared value positions in the problem sessions.

Make the work sessions ninety per cent of the program and collapse
the program to two full days. I'd suggest defining four or five
problem~- or skill-focused areas and designing a two-day program

in each. The program for each area coulf. be described in the
prospectus for the overall program, and individuals would be asked
to apply for the drogram in the area(- ) they thought most pertinent
to their own research interests. They could also then be asked

to justify their need for training in that particular area. This
would reduce the "floundering" that characterized the first day
of the training sessions and might cut out some individuals who
"came along for the ride.”

—

Schedule the sessions immediately before or after an appropriate
convention and in the same locale. AERA - NARST is already too
long, but if the sessions were scheduled next to the.AAAS or
NSTA conventions some participants might manage ToO squeeze in
an extra convention that they couldn't have attended otherwise.

Sincerely,

’
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SUMMARY REPORT
NARST Research Training Program
November 12-1%, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills: ‘

1) Bnderstanding of general techniaques:for orogramming CAI with respect
to whole=course and part-course materials, including writing and .
evaluating global and-detailed behavioral objectives.

2) Contrast of Ausubel and Piaget models of development and cognitive
growth, and the research techniques aporopriate to within- and between-

model testing. .
3) Fxtension of "inquiry skill" research to CAI and CMI modelse

2. The most valuable part of v : program for me was:

1) Interaction on “inquiry techniques" with various others holding
different definitions thereof.
2) Off-session conversations about what research is going on in other

places.
3) New trends and research thrusts.

3. The least valuable part of the program was (provide reasons for your
answer, if possible): *

1) I felt the 156min. preswntations by the 6 presenters of Work Sessions i
were too brief to gain much, and snould have come AFTER the choice of 3

sessionse A .
2) My work session was less valuable to me than my Problem session, but

the work session was the main thrust item.

4. Participants I would recommend for leadership roles in future training
programs are: B )
Dp, J. D. Gallagher, ERC™ Cleveland |
Dr. Tom Cleaver, BSCS, U of Jolo, Boulder

I WOULD LIKE TO RECOMMEND that at each of the L3 or so Sci Ed Centers
some person be assigned to abstract for NARST annually and send to

ERIC as a summary report entitled SCIENCE EDUCATION AT X UNIVERSITY 1969
all master's theses and doctoral dissertations (cae 1000 words each)
plus field studies, local studies, etc. AND

that these be printed on microfiche by FRIC as a continuing service; the
dtssertations ultirately may avpear in DISSFRTATION ABSTRACTS, but the
theses never do---and sometimes these can be valuable,

Work Session Leader Hansen

Problem Session Leader(s) Buell

. / ,
Submitted by: /= ¢~/
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EBiQ‘ | 'Robert R. Buell




SUMMARY REPORT
NARST Rescarch Training Program
Novemter 12~14, 1969

1. As a resui: of the NARST Research Training Program, I gained competence
in the following research skills:

a. The ability to look at assumptions programs of research through
both historic and futuristic models of research design.

b. The identificatior. of specific research models with specific
tasks rather than the fruitless search for ome model to f£fit all tasks
which can then be "molded" to fit the model.

2. The most valuable part of the program for me was:

The opportunity to share concerns, ideas, and the result in cognitive
dissidence from the work sessions with Mike Adkin. This was most helpful
and intellectually stimulating time.

3. The least valuable part of the program was (provide reasons for your
answer, if possible):
The problem session had a tendercy to roam without eclear focus.

4. Participants I would recommend for leadership roles in future training
programs are: '
Steve Leomard would certainly be a possible suggestion. ‘

ol T 1_."'-4_:»

Work Session Leader Adkin

Problem Session Leader(s) Taylor

9.7
Submitted by:/ L. o )2 &
‘/ ;
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David P. Butts




SUMMARY REPORT
NARSY Research Traising Program

November 12~14, 1969

l. As a result of the NARST Research Training Program, I gained competence
in the following research skilis:

None. I chink this, however, a rather unrealistic poal in context with
the way the yrogran was organized. I should imagine it might have been
better to identify some specific skills needed by participants and then
to structure rrograms in such a way as to impart a gain in competence

cnd to test the efficacy of that structure.

2. The most valuable part of the program for me was:
Contact and the sharing of ideas relative to specific problems with

research models, along with reviews and criticues of some research
designs. I have also met and established lines of communicatiorn with
pveople who are doing thirgs that interest rne,

3. The least valuable part of the program was (provide reasons for your
answer, if possible):

The problem sessions...simply because the function of the problem
session was not carefully defined and it became--in some cases, though

not mine-- a forum for the interests and personal prejudices of the

problem leader, In my specific case, it became a forum for discussion
and %}dentification of researchable problems in Science Zaucation,

4. Participants I would recommend for leadership roles in future training
programs are:

I have no specific recommendations to make based on this experience.

. 7
Work Session Leader Wayne Welch

- . ~ -
Problem Session Leader(s)y. =Cbert Buell
r

I consider the experiernce valuable and appreciate having‘gﬁeevz:,j

Submitted by: 7
P 177/1. =T

Thomas J. Cleaver




SUMMARY RIPORY
NARST Research Treining Program

November 12-14, 1969

1. As a resul:i of the NARST Research Training Program, I gained competence
in the following research skills:
\ . fj. jZ N , /"// - /
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2. The most valuable part of the program for me was:
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3. The least vzluable part of the program was (provide reasons for your
answer, if possible):
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4, Participants I would recommend for leadership roles in future trauining
programs are:
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';(&V\ ./?6\"0-31«\

)
. / N
Work Session Leaderxr Lu77/646»4’w
L) 1 p
Problem Session Leader{s) T ol

)
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Submitted by:_ '%42225 ZD 2243/\<L¢)
Rodney ff,Doran
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SUMMARY REPORT
NARST Research 'fraining Program
November 12-14, 1969

A
1. As a result of the NARST Research Training Program, I gained 'competence
in the following research skills:
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3. The least valuable part of the program was (provide reasons for your
answer, if possible)
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4. Participants I would recommend for leadership roles in future training
programs are:
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Work Session Leader 7. - a¢uigy
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SUMMARY REPORT
NABST Research Training Program
'E November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

-
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills: :

(a) Analysis of videotapes of small group interactions.

(t) Analysis of videotapes of individual interviews.

(c) Interpretation of data from interactions in small groups and in
individual interviews.

(d) FPormulating research questions.

- 2. The most valuable part of the program for me was:

Work sessions on conceptual analysis of clinical interview and
classroom situations.

3. The least valuable part of the program was (provide reasons for your
answer, if possible):

Problem sessions on inquiry teaching largely due to the group leader's
lack of any clear goal.

4. Participants I would recommend for leadership roles in future training
programs are: ‘ }

-

In general, the leadership roles in this program were fiiled with highly
.competent people. However, some of the more incisive and insightful
younger men such as Bob Bridgham and Tom Cleaver might prov1de better
leadership than some of the less capable “old guard."

sanen

e T

Work Session Leader Jack Easley

Probiem Session Leader(s) Robkert Buell

R
{ f 9

Submitted by: /’*;;,., ST S [/ ot
! James J. Gallagher




_ SUMMARY REPORT
NARST Research Training Program
Novenber 12-14, 1969

. ]

l. As a result of the NARST Research Training Program, I gained competence
in the following research skills:
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answer, if possible):
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

As a result of the NARST Research Training Program, I gained competence
in the following research skills:
Techniques for curriculum evaluation which included the following:
a, familiarization with a random sampling technique for large populations
b, instruments for measuring attitudes and processes of science(semantic
differential concept)s also tests for physics achievements
c. statistical techniques for handling semantic differential te identify
clusters; statistical analysis of pre and post test designs

All are extremely relevant to me since I will be carrying out a
research project next year similar in design to those by Welch,

The most valuable part of the program for me was:

Work sessions conducted by Wayne Welch and the gefneral address given
by J ° Hyrﬂn A‘I’.k.'m.

The least valuable part of the program was (provide reasons for your
ansver, if possible):

Problem sessions: No new ideas were developed, My impression was

that it was a re~hash of what have been editorialiged in the JRST for

the past five years., ©ne possible mechanism for eliminating this

Problem was suggested by our problem session, namely correlate the

work sessions with the problem sessions so that there are some continuity
threads working through the training program,

%gﬁp},ug?r this, however, I found the training program very valuable and
Participants I would recommend for leadership roles in future training
programs are:

Gary Awkerman

Notes It would be rather interesting to bring these peeple together

again to see if the program had any effect en them, to go in
to more depth en the topics studied, and te develep other cencepts
relevant to research in science education,

Work Session Leader Wayne Welch

Problem Session Leader(s) Stanley Helgeson

Herbert Smith

7% /{1 /é}_qz/"d‘h/!

Submitted by: '

John R. Hassard




SUMMARY REPORT
NARST Reeearch Training Program
November 12-14, 1969

As a result of the NARST Research Training Program, I gained competence
in the following research skills: : '

A. R saearch ceugon .

'i'he most valuable part of the program for me was: . .
A Wk Speeond |
R Conlidd % ///W '

The least vaiuable part of the program was (provide reasons for your
ansver,  if possible):

Participants I would recommend for leadership roles in future training
programe are: ' : '

W wirles

Work Session Leader j&ﬁ‘%

[4

Problem Session Leader(s) 77’ "éh /qomf A
' St'#_/“ﬂ /V./"’?/Q’ : _
Submitted by: %// (. %

Harold C. Hein




SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

2. The most valuable part of the program for me was:

“ﬂ JDA&Q%MW/M..

3 The least valuable part of the progran vas (provide reasons for your
answer, if possible):

()‘vmmﬁmwm*aw

" . . 4. Participants I would reeomend for leadership roles in futurz training
programs are
o Wﬂluw
/“) 24

Jw% 4«29‘«7::

Work Session Leader w%‘ W, Q&,

Problem Session Leader (s
Submitted by: J%;f_)%ang
Stanley L. Helgeson
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E SUMMARY REPORT
' NARST Research Training Program
November 12-14, 1969
1. As a result of the NARST Research Tta:ln:lng Program, I gained competence
in the following research skills: .
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2. The most valuable patt:’of the program for me was: _ * . -
The least valuable part of the program was (ptovide reasons for yout .
answer, if pou:lble)
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

Understanding of Ausubel's position with respect to lesarning
psychology.

How to apply Ausubel's ideas to educational research.

Knowledge about how certain of the association"s members

feel about the fruitlessness of certain types of research(methods studies).

¥ owledge of certain potentially fruitful areas of research in auto tutoria:
2. The most valuable part of the program for me was: methods.

The opportunity to have personal contact with both the
leaders and the participants in the conferencd. i

The opportunity to examine the ideas of both leaders and

the participants and to present my own in the small groups.
~--—---perhaps these observations are both related to my relative newness in thq
3. The least valuable part of the program was (provide reasons for your profession

answer, if possible):

L Perhaps the least valuable was the summary session----- _ ' [
‘ although it may not have been possible for it to be very .
4 much different. @ I was left with with a concern as to |
. whether or not we were going to get a rather complete
transctipt k of the work of each group.

CooT T TR

4. Participants I would recommend for leadership roles in future training

programs are: :
I really do not have any recommendatdons here. It seemed to me that

all of those present were rather effective.

R

Work Session Leader_ Dr. Joe Novak

Problem Session Leader(s)_Dr. Sam Postlewait

J . b Lo W Submitted by:

!\ oo vwﬁ? W ' Robert K/ James




SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence-
in the following research skills: '

I.learned how to design educational research based on the Ausuhelian’
point of view. Also, I learned how to interpret reported educational
research in terms of the Ausubelian point of view.

bk

2. The most valuable part of the program for me was:

S The Work Session, the general sessions and the informal discussions
between scheduled sessions.

I 3. The least valuable part of the program was (provide reasons for your
- answer, if possible): .

r The problem session to which I was assigned never got away from discuss-
ions relative to Ph.D. programs, placement, cost and problems faced . ]
by the larger universities. I had hopes that we would get around to P
designing and planning for fegional™"reséaich training by regional 1lab- .
oratories' and selected colleges, universities and public school systems.

T PRTERGOETTTAEEATRE T T A SV TR,

4. Participants I would recommend for leadership roles in future training
- programs are: :
On the basis of my observations, I think that an excellent slate of

leaders were selected for the November 12-14 session. Also, I was
particularly impressed by the following participants:

(1) Dr. Richard M. Bingman
- Mid-Continent Regional Educational Lab.

(2) Dr. Adan M, Voelker

R & D - Curriculum and Instruction
University of Wisconsin

Work Session Leader Dr. Joseph D. Novak

Problenm Session Leader(s) Dr. Fletcher Watson

. Submitted by: f%m&v% CZ ﬁ,?a/@,
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Kenneth F. Jerkins-
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence

in the following research skills: E

-

‘ Ao [""‘“Z/@W%) ‘

2. The most valuable part of the program for me was: .

3. The least valuable part of the program was (provide reasoms for your

answer, 1if possible)._: . Ca

feasons :‘9” s M . 112’
.Eu;aegﬁ&n.—ym W/. WW‘ ‘ &‘Ma—é/ .

4. Participants I would recommend for leadership roles inm future training
programs are:
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Work Session Leader d 711é / A
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SUMMARY REPORT v
NARST Research Training Program
Novembar 12-14, 1959

1. As a result of tha NARST Research Training Program, I gained competence
in the following research skills:

I developed an awareness of the prevailing attitude among science
educators that the research community must establish its credibility
with the school personnel expected to implement change. I came away
from the conference with the conviction that our future research should,
in part, coacentrate on learner needs and priority needs expressed by
teachers in the classroom. ' o i

2. The most valuable part ~f the program for me was:

The opportunity to discuss the problems that were relevant to a
re—-examination of the prevailing policy of science education research
and specifically the problems of assessing teacher effectiveness in
the classroom.

3. The least valuable part of the program was (provide reasons for your
answer, if possible):-

Our time was profitably spent in identifying the dimensions of

problems related to specific research. There is a need, however, to

bring such groups back together, after a lapse of 3 - 6 months to

formulate and substanfiate some concrete directions for finding answers

to the questions that were initially formulated. The interval between

meetings could be used by the participant to secure recommended micro-

fiche studies, etc. and prepare individual position papers for informal dialogue
" 4. Participants I would recommend for leadership roles in future training st the

programs are: second
- meeting.

Attended Did Not Attend

David Butts Julian Brandou

Stan Helgason . Marv Zudd Rowe

Paul Westmneyer

Work Session Leader Myron Atkin

Problem Session Leader(s) Steven Winter

John Montean

9550k O
Submitted by: /< ’:S.

William S. LaShier \




Lt St oiand

T TERTRE TN W PENY

1.

2.

3.

Work Session Leader Dr. wavne Welch

Problem Session Leader (s) Dr. John Montean

SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

As a result of the NARST Research Training Program, I gained competence
in the following research skills:
The develoment, nl
l. Tecaniques and strategies fa curricul.um evaluation and curricu-
lum research.
2. Increased awareness ¢f variables affecting research in science
education.

The most valuable part of the program for me was:

The wcrk sessions.

The lczast valuable part of the program was (provide reasons for your
answer, if possible):

Problem sessicns

Our group.seemed to lack a sense of direction - although I realize
that the determination of foals relative to research on teaching styles
was one of our tasks. We had trouble focusing our discussicne.

Participants I would recommend for leadership roles in future training
programs are:

I was extremely plecased with Wayne Welch's leadership.

Dr. Stevhen Winter

Submitted by: 4 ’:4/'7

Donald W. McCurdy /




SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

l. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

Carrciulum evalug «'m
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2. The most valuable part of the program for me was
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3. The least valuable part of the program was (provide reasons for your
answer, if possible):
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4. Participants I would recommend for leadership roles in future training
programs are:

Henn, u\)al&esser

J ™ R Ve N H )‘-A’\
'A)X-W\Q Welc

] .
Work Session Leader (AVAMKE U)?l(' c\
1

Problem Session Leader(s) Da\;ﬁ LCCK d r\(&

Submitted by:_ xf'v%%d/ é{/

Robert W. Mene {9e
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

l. Icdentification of research questions, i.e., investigating for potential

sources of variance; R
2o Identification of research hyootheses, particularly through the use of

changes in benavior;
3. Writing of relevant research proposals ¥¥4t (ccnfidence at least ! )

2. The most valuable part of the program for me was:

By far the most valuable parts of the program were the problem sessions,

The exchange of dialogue with Dr, H, Walbesser and others challanged my
thinking and warmed my interests in behaioral research.

3. The least valuable part of the program was (provide reasons for your
answer, if possible):

My inability to find an evening discussion group with whom I could
continue dialogue. I suggest that some attempts at establishing
volantary groups on selected topics be included in sut:equent con-

ferencese.

4. Participants I would recommend for leadership roles in future training
programs are:

Dr, Henry Walbesser
Dr. Richard Harbeck ( I learned a great deal over lunch from this nemisis

‘of U.S. O.E.
Dr, Herbert Smith
and perhaps, other leaders from outside of Science Education who might
be using techniques which we should apply.

Work Sessicn Leader_Dr. derbert Smith and Dr, Stan Helgeson

Problem Session Leader(s) Dr. Henry Walbesser

Dl P

Submitted by: Dr. Dale G. Merkle
' Dale G. Merl:le




SUMMARY REPORT
NARST Research Training Program )
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gdined competence

in the following research skills:

Use of computers in Science Education research. Strategies for Curriculum
Evaluation. '

Designing research in Science Education of theoretical bases prov1ded by
Research in Learning Theory.

2. The most valuable part of the program for me was:

" Problem Session: Over a two-three day period in a small company of
interested individuals, much ground can be covered and critical concerns

examined with suggested recommended procedures for new directions.
good location.

well-structured time allotment.

3. The least valuable part of the program was (provide reasons for your.

answer, if possible):

Lack of opportunity for analyses and confrontation with the main speakers .-
a vis~a-vis basis - due to time. We tend to get on tangents o*f

individual concerns which are distracting and time consuming in a short
conference schedule.

4. Participants I would recommend for leadership roles in future training
programs are: Reconmend that entire slate be re-united, on the basis
of laving some experience, all could function more effectively. We are
not doing as much as I'd like to see done with the applications of
learning theory base.to science education research - perhaps more
experienced learning theory people needed here.

Work Session Leader: Duncan Hansen

Work Session Leader Duncan Hansen

Problem Session Leader (s) Steve Winter

.dJohn J. Montean

Submitted by:

John J..Mbntean




SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, 1 gained competence
in the following research skills: NO /\J -
o
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

Curriculum Evaluation

We are called upon to do course evaluations here, that is,
various tracks of the same course., I got many useful
ideas and procedures from attending Dr. Welch's sessions.

I learned more about the merits aud liwmitations of the
Flanders Interaction Analysis teclmique.

2. The most valuable part of the program for me was:
Curriculum Evaluation procedures,

3. The least valuable part of the program was (provide reasons for your
answer, if possible):

I could not find fault with anything. Some said they wished
they had known before leaving home what some of the grouns
would be getting involved with so they could have brought
certain matcrials along for use in the sessions. JMaybe this
would be helpful, though the complex problems of organizing
a conference of this sort might preclude the possibility of
doing more than was doue,

4. Participants I would recommend for leadership roles in future traiaing
programs are:

Dr, David I’, Butts — elementary science teaching
Dr. Joseph S, Schmuckler -- don't know his specialty

S ¢ Dr, William Kessen,--Yale University -— Philosophy of science teaching
ome 0

these probablyPr. Gerald lolton, Harvard University —-lhilosophy of Sci. Teaching
't bel Dr. Dertram B. Masia, Univ. of Chicago =- The Affective Domain (?)
don’t belong Dr. William Mayer, Director of BSCS, Boulder, Cois. Curriculum Development

to NARST, b
mgg;:REZ’he:L Dr, Torreéace, Univ. of Giéisii, — Creativity and Teaching the Gifted X

ful neverthe-\(And someone to discuss problems of teaching science in the inner city--
less. how to improve the self-concept i1n the underprivileged)

I thought that Dr. Atkin's presentation in the general seasion was excellent,

. Wawr 1
Work Session Leader Lr- “ayne Welch

Problem Session Leader(s) Dr. Johkn Mcntean

Dr. Stephen Winter

: 7
*Dr. . Paul Torrance is Chairman and Irof. of g, ... 4 by: C)@LJM_Q/% Cep 4,/

Educational Psychology, Univ. of Georgia,

Athens, Ga. 30601, Clarence H. Nelson
)
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills: '

| ‘. ZJM;L«.C/W g @.W{z{/&amé o5 Crnens G Crtnffol
C
b~ S0l Clue. fleseainol , y _
W , 22 /awZGa—«« A/W/Lw'-zdv, VAN gt Mumlaﬂ"@_

2. The most valuable part of the program for me was:
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3. The least valuable part of the program was (provide reasoms. for your
answer, if possible):
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4. Participants I would recommend for leadership roles in future training
programs are:

Lo b St
Exet &@/ g

Work Session Leader 4/ &LHLZZpraaA,

,/‘l
Problem Session Leader(s) ZLJ- ?/aaafﬁ%suu \2,
R
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Roger G. Olstad
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SUMMARY REPORT
NARST Research Training Program
November 12~14, 1969

l. As a result of the NARST Research Training Program, I gained competence
in the following research skills:
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2. The most valuable part of the program for me was:
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3. The least valuable part of the program was (provide reasons for your
answer, if possible): ‘
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Work Session Leader  Inp \Q\'\ Nevelo
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Por a First time prorrag.di.ongis by it was pretty good and I am
nanoy I was able to d‘L%MﬂABY &POET
NARST Research Training Program

November 12-14, 1969

1. As 2 result of the NARST Research Training Program, I gained competence
in the following research skills: '

Situatlon analvsis-Use of recorded classroom sequences in
finding teachin=z difficulties.

2. The most valuable part of the program for me was:

Discussion with cther people having problems similiar To those
I am having. Onpcrtunities to comnare ovinions relative to
research procedurcs bein.;: employed.

3. The least valuable part of the program was (provide reasons for your
answer, if possible): '

General secssion in which there was no connection between
the address and research, It received the most time and
was of the least value, In addition it was a repeat of the
speech previously given.

4. Participants I would recommend for leadership roles in future training
programs are:

I will recommend some tdpics that we should tackle.
Sampling techniq es.

How to treat available data rather than the most desirable
data.(Data that can be secured from willing schools cr
populations rataer than random samples.)

Development of instruments-Achievement-inventories-
attitude-interest- Special interest should be directed
to data treatment.

Research desipgn that makes it possible to use a local
school population and come out with meaning.

Work Session Leader maaleovw
4

Problem Session Leader(s) Palla Raoeck

Submitted by:

Milton 0. Pella
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I galned competence
in the following research skills:

Identification and clear definition of specific and
important research problems.

2. The most valuable part of the program for me was:

The study conducted by Joe Novak on Thursday afternoon.

3. The least valuable part of the program was (provide reasons for your
answer, if possible):

Each part of the program in which I participated was very
much worthwhile.

4, Participants I would recommend for leadership roles in future training
programs are:

Gerald Meyers, University of South Dakota; Joseph D. Novak,
Cornell University .

Work Session Leader ;@Q%v

d
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wn;,

Problem Session Leader(s) 4. «1/é{l. w. {

s 10 (P thtis

Submitted by:

Samuel Postlethwait




SUMMARY REPORT
NARST Research Training Program

November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
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3. The least valuable part of the program was (prov1de reasons for your
answer, if possible):
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4. Participants I would ro~ommend for leadership roles in future training
programs are:
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SUMMARY REPORT
NARST Research Training Program

November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
n the following research skills: wxgne. I &id taps as many sessions

ale

2. The most valuable part of the program for me was: The work sessions
with you (¥ovak) and ocur work with iusubel’s work. It has caused me to
‘0 back and take a seccnd lock at Piagei's work in relation to the thirgs
that were said in our sessions. The interchange in that session was

good also,

3. The least valuable part of the program was (provide reasons for your

answer, if possible): The 1st day!s problem session. It became 2
nower struggle between Walbesser and another participant as to who was
the sharpest. It ¢id not stick to the subject and the leacer could not
direct it in any other direction.

4. Participants I would recoumend for leadership roles in future training
programs are: Donald J, Schmict and Jacob Blankenship

Note: I thirnk there will _e more latent benifits becauce of the tapes
and articles that I acquired at the program. A possibility for future
sessions would be to discuss a rssearch proposal, design, andtopic
at greater deptin: Also a brain storming session of possible research
topics would be benificial. Things that nesd tc be researched at

greater depth and things that need initial researsh done on then,

Thanks for including me. I hope I made soms contribution to the group.

Work Session Leader Novak

[ad - I
Problem Session Leader(s) Clarence Boeck

¥ilton C. Pellas

A
/7 /@é£2{;m;»
Submitted LYy: — /{' ; <4

o _ Silas W. Schiruner




1.

e

2.

a.

4.

of
Try

SUMMARY REPORY
NARST Research Training Program

November 12-14, 1969

As a result of the NARST Research Training Prograu, 1 gained competence ~
in the following research skills:

I became cuite well informed about ths use of ExIC publications anu now
they can be uvilized oy myself znd my students in the stuay of relatea
literature for research worx. .

I was introduced to x specific theory ¢ learning eana pecame well enough

acuainted with the taeory to apply it to research aesign anc enalysis. 1

had practice in conversing within the "Iramework’ of ithe Tneory anc also

had practice in =n:lysis of research in terms o tnis learring tneory. I

also was stimulated to stzrt m:king preliminsry research designs using this theory!
The most valuable part of the program for me was: :

The intimate contzct with persons who were sincerely "solc" on research ideas
anc ihe oppoortunity to work 2zt length and in cepuh witn ome of tnese people.

The informzl coatact of others with similar inzerests and the ability to find

out what is going on arounc_tae nation in Science zcucation research.
The least valuable part of the program was (provide reasons for your

answer, if possible):

]

The times I became "trapped" by some person wno thought he knew everytning
and nad all the answers to everyones problems. Certain of tae "olcer®
cience Educators simply love to hear themselves talk: Sac ouil true!

The summary sessions were weak. Each grcup must take more responsibility in

making a meaningful fina2l report.

Participants I would recommend for leadership roles in future training
programs are:

Seek oui people ho have “something going®, those who have 2 main thrusi
research anc study. Such as Henry *albesser, vayne Welch, Joe Novak, eic.
to avoid those who try to be "jack of all trades" but in reality are mzsters

of none. Others who are shazping resezrch zround specific psychclogieal theories
wouid be grest. HExample: Dr. Darrell Philips (Pigaetian psychology)

Work Session Leader  Jr. Joseph Novak

Problem Session Leader(s) Herbert Smith

Submitted byb»@d S(«Q«-;({ﬁ_

Donald J. Schmidt




SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:
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4. Participants I would recommend for leadership roles in future training
programs are:
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SUMMARY REPORT
NARST Research Training Program

November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:
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2. The most valuable part of the program for me was:

. .
S -
"(M"’“‘" PR e &y,

Lol @ _QA,(Z././(]/._

Y

-’\ ‘ 4 7 .
ADBLie o i, LN 4/\ A B\, \,/.A\“ Ls— e P s BEVR P o O

.-5’»‘\«%\ C \ YL v L*/*\fg /AL g U el k\/./'wb\ /e\l‘-f—/’“)(

M’/W wL/w - \&J ,/\.A.J- ;UMA,L«/ &.R bw./u._, ‘

3. The least valuable part of the program was (provide reasons for your
answer, if possible): :
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4. Participants I would recommend for leadership roles in future training
programs are:
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SUMARY REPORT
NARST Research Training 2rogram

November 12-14, 1969

As a result of the NARST Research Training Program, I gained competence
in the following research skills:

Design, communication, and direction of resezrch programs
were the main areas of competence enhancement gained by
participation in the research training program. .

The most valuable part of the program for me was:
Tre planned interchange of ideas with collegu=ze.

The program structure allowed for direction in this

exchange as well as providing an opportunity for 'chance

events' to contribute to the constructs of the topic.

There was an.aznle amount .of d1r Ctlﬁg w1thout the oft.
p

countere ibitin ifect or rvi .
%Re least vaiué'b‘fe part og’ the program was A Pte Slon

rovide reasons r your
answer, if poss:.blei ]
There was not a least valuable aspect in the program as

such. The least exploited were a number of the participants.
Only Dr. Atkin was provided an opportunity to address the
group with any duration. I would like to have seen a

number of the other session leaders given the same
opportunity. Their remarks certainly would have contributled

to the program.

Participants I would recommend for leadership roles in future training
programs are:

Dr. B. Ingman
University of New Mexico
Albuquerque, New Mexico

Work Session Leader J. Myron Atkin

Problem Session Leader(s) Fletcher Watson

Submitted by: ﬂl‘f_{ (}){ 7. “d‘(:%: Z/c_’, C
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SUMMARY REPCRT
NARST Resezarch Training Program
November 12-14, 19069 .

1. 24s 2 result of the NARST Research Training Program, I gained competence
in the following research skills

1. Zvalvation of sirategies for ascessing the vroposed research training
prograir in our institution.

2. Sirategies for analyzing ressarch studies and judging their weaknesses
in light of recent developmeats.

2. The most valuable part of the program for me was:

.+ Cpportunity to participate in activity under supervision of experienced
person.

3. The least valuzble part of the program was (prov1de reasons for your
answer, if possible):

Introductions to sessions - the overviews presented in these sessions
could have been provided in writing prior to the session - they appeared -
to be "sales pitches" or "group psycho-therapy" sessions. :

4. Participants I would recommend for leadership roles in future training
programs are:
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SUMMARY REPORT
NAKST Research Training Program

November 12-14, 1969

1. 4s a result of the NARST Rescarch Training Program, I gained competence
in the following research skills:
To me, the term competency is an inappropriate one for there were no
cbjectives specified rnor were there any measures of acquisition of skills.
I do feel that I can now better (1) distinguish between problems and
researchable problems and (2) identify concerns for programmatic research.
Also, I acquired more awareness of the need to differentiate research
responsibilities and to recognize that research traiuing programs may not
be compatible with the traditional graduate programs.

2. The most valuable part of the program for me was:

The opportunity to interact with peers individually and in small groups.

3. The least valuable part of the program was (provide reasons for your
answer, if possible):

Being in sessions with persons with wide and varied incerests, and abilities,
made it difficult to concentrate on intended topics. (I derived some
personal benefit from all sessions, but am not sure how much might be

passed on to others in a direct manner.)

4., Participants I would recommend for leadership roles in future training
programs are:
~

People who have a plan for running their sessions ~ free wheeling is a

good technique for some groups, but not when you expect an opportunity to
-acquire competencies.

I would be happy to conduct a session on learning research in the elemen-
tary school, emphasis on the design of local programs.

Work Session Leader J. Mvroa Atkin

Problem Session Leader(s) Fletcher Watson

Submitted by: Q&W, . Z[ﬂjé[h |

Alan M. Voelker




SUMMARY REPORT
NARST Rescarch Training Program

November 12-14, 19869 .

1. As » result of the NARST Research Training Program, I gained competence
“a the following research skills:
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2. The most valuable part of the program for me was:
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3. The least valuzble part of the program was (provide reasons for your
answer, if possible):

., Participants I would recommend for lzadership roles in future training
programs are:
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SUMMARY REPORT
NARST Research Training Program
November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence

in the following research skills: Py
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The least valuable part of the program was (provide reasons for your

3.
answer, i possible): ) . . , Y
< Wy | o e Y C&Pﬁ*huL
‘ \ J ‘ /
L ‘ |
‘Jvhw
4., Participants I would recommend for leadership roles in future training
programs are:
o
T
U A D

-

Work Session Leader 141 £ i .
> , T |
Problem Sescion Leader(s) 7L M o if Mo
\ '\S - 1 ‘\/‘.:-'E'y _—)\....—
— .
LA n -~
| SE AN .,
. \ ~- ‘/\ ! \. o
Submitted by: ¥ ot idon ?
——

Stegﬁen Wincer




SUMMARY REPORT
NARST Research Training Program

November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:
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3. The least valuable part of theVprogram was (prov;de reasons for your
answer, if possible):
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4. Participants I'would recommend for leadership roles in future training
programs are:
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SUMMARY REPORT
NARST Rescarch Training Program

November 12-14, 1969

1. As a result of the NARST Research Training Program, I gained competence
in the following research skills:

New measurements in determining teacher's characteristics
P?ossible uses of CAI in research in learnind outcomes .

New models for science educatcion research

2. The most valuable part of the program for me was:

Group presentations and the exchange of specific ideas and

tools which was facilitated in the small group seminars.

3. The least valuable part of the program was (provide reasons for your
answer, if possible):
The attempt at presentation in the work sessions. The
questions and the answers from the group leader (CAIL)

didn't always mesh.

4, Participants I would recommend for leadership roles in future training
programs are:

Wayne Welch Rober: Lepper

! 4
David Butts Ernest 3Burkman
Addison Lee Paul Hurd

Work Session Leader: Duncan Hansen

Work Sessicn Leacder Duncan Hensen

Problem Session Leader(s) Wavyne Tavlor

Willard Jacobson

Submitted by: | ! e L

Robert E. Yager
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() ABSTRACT OF PROPOSED RESEARCH ACTIVITY
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TITLE OF PROPCSAL I'A Research Training Project in Science Education

T
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PROJECT DIRECTORS NAME {_Joseph D. Novak B
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INSTITUTION NAME |_National Assn. for Rescarch in Sci. T
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ABSTRACT (THIS .5 FOR INTER-GOVERNMENTAL DISTRIBUTION, OMIT CONFIDENTIAL INFO, - 2000 CHARACTERS AND SPACES
MAXIMUM)

69 The wosearch train ne proiect will be councentrated in three trairpin

i
; sessions inveolving fifty trainces aund resource persomnel. The training
J1 { 5essi will have the specific obZectives of training participants, (1) to
5 dis tlnouish between problens requiring traditional rescarch design and
"'newer evaluative desiens, (2 to —earn how to apoly learning theory in

the cesign of research, (3) to learn techniqucs and skills nceded for

' science education research, and (4) to lzarn what kinds of research shows

5)  most promise for improving education. Evaiuation of the participant's

é? F—“uCOMP]lS“me ts will be an infegral pavc Of each training session, with

(9 | —eadership personnel providing exemples and recuiring evaluative comment
e

yemples as well as trainee originated examples. The most produciive
sO | training practices cvidenced may be used as a basis for 'presession”

31 . . . . a
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A LESEARCH TRAINING YROJiCT 1IN SCIERCE EDLCATIOCH

Abstract

or Resczrel in Science Teaching, hercin

oY

The National Association

t a research trainiug pwroject for researchers in scicuce

fv

proposes th
cducation be conducted during 1968. The first phase of the project will

¢iscuss preliminary versions of

| o

Q .‘ “
OliS Wia

be a session where raesource wexrs

.')

training plans and {inalize arrengements for training scssions to be
held in November, 1968. TFifty participants will be sclected in September
3 2 o &

and October from among applicants indicating an active role and irnterest

in the improvement of science educaiion research.

The research training project will be conceatrated in three training

L..s

sessions involving fifty trainees and rescurce persomnel. TYhe training

sessions will have the specific objectives of training participants, (1)%to
dis tinguish between problems requiring traditional rescarch design and
newver evaiuative dasigns, (2) to learn how to apply learning theory in

the design of rescarch, (3) to learn techniques and skills nceded for
scicnée education rescarch, and (4) to learn what kinds of research shows

se for improving cducation. Evaluatiocu of the part icipant's

Eh
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accomplishments will be an integral paut of each traiuing session, with

leadership personnel providing cxamples and requiring evaluative comment

on examples as well as traimee originated examples. The nost productive

o)
O

trajning practices evidenced may be used as a basis for "presession!

r

rescarch trainiag projects prioxr to fi.turce anaucl meetings of NARSY and

otiier groups.
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that las dealt with science cducation but rather on the intuitive feelings
of experienced teachers and accomplished scientists. Though these efforts
in curriculum development have dene much to update the content of secon-~

dary and elenenuazj science programs, tine statistics on enrollments in 1

subjects such as high scheol vhysics and surveys of public understanding

of the scicntific enterprise suzgest that the new efforts still leave
substantizl room for Jmprovement. The stage appears fto be sct for a new .

series of curriculum innovation efforts continuing the utilization.of

o U TP P o

talents from experienced teachers and capable scientists, but adding
vhatever research findings are relevant to che design and execution of

future scicnce proprams. ~his appears to be an appronriate time to
& 11 &

T S A

h |

draw upon cur fund of research evidence o learning in science, and to

jal]

identify critical areas,.and to acquire research competencles necessary

-

for intensive study by teams oI investigators to Improve science instyuctioa.

Another objective of the proposed project is to provide cxamples ;
of ways in vhich newer instructional technology can be used to improve |
research and teaching: Llmost all of the new scicace curriculum programs
have been dependent upon textbosks and laboratory guides used by teachers
in much the same wvay as materals developed in earlier years and incor- ;
porating to only a very limited extent the potential of currently available :
instructional ﬁcchnology. The role of the new teaching technology for “ :
Improvement of scilence instruction is another area where further research

is nceded, and participants will learn to identify research problems deallng

with evaluation oi ianstructional technoiogy.

R T P

CENERAL OBIRCTIVE: To train ccience education researchers in newver
&echniquus and resecrch methodologies.

SPECIFIC OBJIECTIVES

‘..1ingu .5l between nroblems requiring i

1. Participouts will be able to
txaoﬁu¢onal research design and newer cvaluative designs.

nte can specify an

a. Given tea research problems, participa ;
least nine. j

appropriate research design for at

icipants will Jeayn ways
1 {

tc permit use of

to restructure research
bctter YcseLren aesigns.
s will learn how to apply learning,theowy to the design
Che ‘
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PROJECT PROCEDUKES

Step 1. It is intended that a planning scssion may be held in early
Fall, 1968 at which time six to eight persons who would serve as re-
source people for the conference sessions would meet together and discuss
the kind of prepared papers and training exercises that they feel would
be of most value for the rescarch training sessjons. It is planned that
these key people will then return to their campuses and refine their plans
for leading training sessions to be held in November. Final plans for
the training sessions will be completed in September.

Steb 2. Fifty applicants will be sclected for participatiqn; In-
formation regarding application procedure will be sent to members of NARST,
and to selected journals for announcement. Race, creed, religion or
geographic location will not be factors in selection. Priority will be
given to applicants who are conducting or supervising research in science
education. Professors in science departments who wish to gain education
research competencies will be considered for participation. °‘Applicants
will be sélected and notified by early October, 1968. A list of alternates
will be established and selections from this list will be made as necessary.

Step 3. Final plans for the training sessions will be reviewed by
the leaders on-Thursday evening, November 12. Last minute adjustments in
training sessions will be made, if neceésary. .

Step 4. Training sessions outlined for the prdjéﬁt will be conducted
November 13-15, 1968. In addition to a brief presentation by the session
" leaders, participants will engage in study exercises prepared by the |
leaders. For example, in the first session dealing with the use of learning
theory in formulation of research hypothesis, participants will be given
selected issues in science teaching and shown how to write researxch hypothesis
becring on these issucs and consistent with elements of learning theory
presented. Some exercises will be done individually and some in small
groups, Evaluation leaders with guide discussion in the small groups, tapes -
of di. mussions will be selectively transcribed immediately for use in
subsequent discussion sessions. Individual anc group reports will be
typed and dupl® « ' for use by participants during the conference. Records

of participc cesses and failures and other evaluation 'will be made,
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Step 5. A report Bummarizing accomplishments of the project and

recommendations for further action will be prepared by the Director.
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TENTATIVE PROGRAM OUTLINE

for a
RESEARCH TRAINING PROJECT IN SCIENCE EDUCATION

Bick=Oormress—hotal, Chicago, Illinois, Novamber 12-1Y, 1966)

hd =
(Tiils progrsi# outl woul qodificed by the plamning conference pro-
poscd for Juge, 8 :wch lehdership personnel would discucs resource

papers they prepare fox Nevduber and correlated program activities.)

Session 1. Wednesday, November 13, 196?, 9:00 A.M.
Chairman: Willard Jacobson ¥ '
Topic: Translating learning theory into rescarch hypotheses in science

Speakcrs:ed;::;::oe Ireo=Gronbaals TG"L\' A. Eﬂo&’ ) MJ T itlgice

Hoilawe=iCTaUSLCIT - .
Joseph Novakh, o Mfﬁl )
Herbprt Smith ] Illustrations and applications

l¢gon Peclla ] )
tclcen Winter ] (Evaluation leaders)

Session II. Wednesday, 2:00 P.M. - Continue session I.

Session I¥Y. Thursday, November 1§, $:00 A.XM,
Chairman: Clarence Boeck .

Topic: Identification of techniques and skills necded by scieace |
education rescarcliers. . Y : ’
Speaker: lienry Walbesser® ’ M q M Q-N
Robegt Binger | B llustrations and applications
W. Van Deventerx

JoLh Montean (Evaluation leaders)

Jades Rutledge ]

Topic: Experimental and Evaluative Design IMy~ ek, _ . .
Speaker: Seewrr=woTreme J. Mzm n PP IM-“ *
Rohert Buell H Illustré’tions and applications
WiJliam Cooley : Aoy
cikrence Nelson (Evaluation leaders)
Thomas P. Fraser )

Session IV. Thursday, 2:00 P.M.
Chairman: T. Wayne Taylor#
Topic: Promising Research Directions In Science Education
Spcakers: Jw=trTonN—rrtleind—
: William CooleyX
Jaijes Becker ] ~ Illustrations and applications
Payl Blackwood '
Ropert liowe
ton Pella ] .

(Evaluation lecaders)

ic conference plann
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Session V. Friday, November 1', 9:00 A.¥.
Chairman: Darrel Barnard
Topic: Technology and science cducation research design
l. CAI and rescarch =- Ducan Hansen® v
2. Evaluation of learning aids -~ Wayne Welch#
3. Audio-tutorial techniques and research -~ Samuel Postlethwait
Evaluatioa sessions will follow each presenter.

. .
L e e A e e h ke

Session VI. Friday, 2:00 P.M.
Chairman: James Robincon
Final evaluation and summary secsions:

l. Seldgctidn of research wurkers — Frederic Dutton

2. Resgurcgs for research training —- Richard Harbeck

3.- Chapges[needed in university programs —— Fletcher Watson
4. Reskarch design and data analysis -~ William Cooley

*These individuals would participate in the conference plaaning cession in Septcaber
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Budget Summary

I. Trainee Support (50 trainees) . .
Travel @$150. o ' $ 7500
Per diem 2 days x 50 @ $25 ) 2500

IX1. Institutional Allowance -- none
IIXI. Direct Costs
A. Personnel

1. Program Director (J. D. Novak)
Preparation prior to project sessions,
preparation of final report 12 days @$100 1200

2. Professional Staff:
Leaders of project training session who
will prepare papers:
10 staff, 4 days each @$1000 : 4000

3. Secretariai:
Mailing announcements, processing applications,
preparing training materials and sumary reports

a. One secretary half time for 4 months -
@$200 per month : "800
b. Secretarial group for transcribing and ’

duplicating group reports at the conference
80 hours @$3.00 : _ 240

B. Consumable supplies

Paper, workshcets : 3 _ 100
C. Travel

Director and Professional.staff 20 round trips 8$150 3000

Per Diem 60 @$§25 ISOQ

D. Other Direct Costs

IV, Indirect Costs

Use of NARST facilities and resources for project

frinting program, mailing, phone _ 500
Duplication and distribution of project reports 1000
Total Direct Costs . - $22,340

execution 8% cf Direct Costs 1,787.20

Total Budget Request : ' $24,127.20
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: : DEPAIOGERT O NRAUDH, LIICAYION AKD WSLFARE  BUOOLT 8Uiial ko 51
: Ofrico of kciuneation
Yaghingtion, D.C. 20202
USO: USE ONLY APPLICATION I'OR PAGTICIPATION IN %hE USOli USE OiiLY

EDUCATI0HAL l(&SFMi“d TRAINIIIG PROGRAM

- (P.L. 83-531, Scctmn 2 (b), as
emendad by P.L.-89-10, Title IV)

1. Title of prozran | 2. Progrem period (frmn - %0) 3. Amount
A rescarch training project in Science 5/1/68 11/15/68 \’2‘1 127 ,_ZQ
Education _ _ 4. Grant period (frow - to) - Amoun
_ _ 5/1/6 12/31/68 024 127. _2_0
6. Type of grant application . T .
' (X New application R B Continuation of grant no. ’
[ ) Kevision of grant no, [} Supolement of grant no. |

7. Neme and address_of apolicant institution (strect, city, state, zip code)
National Association for Research in Science machma

E-30 McDone). Mall, Michigan State Univ., East Lansing, Michigan 48823
&. Subunits (give mailing adéress of last one listed) - . .

9. Type of epplicant, "x" ono . |20+ Type of training program, "x" onec

: : . [.3 Undergraduate Training Progran
() Higher cducation " ) Graduate Training Program .
(] Educational agency : { ) Postdoctoral Training Progran !
. [ )State [ )Local {) Private ) { ) Institute .
{X] Other: specify, {Xi Special Training Projecct
' Professional Science Education { ) Progrem Development Grant : Ei
Non-nrofit. Corpoxation - { ) Other: specify ' . |

National Association for Resemch a.n Science u.achmg, E-30 McDonel hall, h;.c.:;.ga-m

|
|
J1. Name and acddress of payce of grant award check f
|
i

State Nniversity st_Lonsing, Michigan 48823
12, Neme &nd eddress of grant T scal offlce‘ 13. Telephone
Dr. T. Wayne Taylor, Secretary-Treasurer, E-30 McDonel Hall, 355-1725
Michigan State Iniversity, E. Jansing, Michisaw, 48823
1/, CFR"‘IFI(‘LTIO?‘

I the undersignsd on behalf of the apphcant institution accept, as to &ny grant
‘avarded, the o'ohgc.t.ton to comply with USCE Reguiations and Guidelines for the Educa-
tional -Research Training Program in effect et the time of the award. I further egree
to comply uvith Title VI “of the Civil Righte Act of 1964 (P.L. 88-352), and the Rog,u-—
" Jations. 3scued thereto and state that the formally filed Assurance of Complience vith

such Regulations (Form HEW-4/1) epplies tc this projcct. I also certify that thers

* . ard no commitments or ob1 jgations including those with respect to inventions incon-
sistent vith complience wi ith the above, and that trainees with such commilwents will.
not be aceepted for particinaticn in the program,

4

735, Name &nd title of program director 19. Rame and title of oflicel signing for
(please type) : . applicant insiitution (plea.»c. tvpe)
Joscph D. Novek . ‘ "~ Joscph D. Novak, President
16, Addre: 17. Telephone | 20. Address 21 'lelc hone
-3 Stome Hall éo7" ¥ Stone fiall, Cormell U.;| < 40:° P
: Cornell University 275-5410 Ithaca, 14850_ 2/5- 410
18, Sigratwre Dato 22, Signature - - Date

. —— e e
- L ] -

— aw’
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* . ars no comituents or oblirations including those with respect to inventions incon-

_ ' o Yo I,-.;-,»'.:c-'vc:c‘;: ),'.o:’//
. DEPARISERE OF NEAUTI, RUICATION AND \ELFARE ~ BUSCT S3ALAU KO 51
0fiico of Eancetion
Yachingzton, D.C. 20202

USOis USE ONLY APPLICAYION FOR PARTICIPATION IN THE USOE_USE O5LLY
EDUCATIONAL RESFARCH TRAINIIG PROGRAM

. (P.L. 83-531, Section 2 (b), as
amcndad by POLO '89"10, Title IV)

e e e—— et St
Y g

. Title of prozram 2. Progrem period (from - to)

. 3. Amount
A rescarch training project in Science 5/1/68 - 11/15/68 $24,127,20
kducation _ . - 1 4e Grant Eemod (froa - to) =~ |5, Amount
AN 5/1/6 12/31/68 324,121.20
6. Type of grant application . . T s
" (X New application .+ - [) Continuation of grant no. ]
{ ) Kevision of grant no. { ) Supplement of grant no.

7. Nene and address of applicant institution (strect, city, state, zip code
National Association for Research in Sciengze Yeathing ’ » 3P )

E~30 McDone) Hall, Michigan State Uaiv., East Lansing, Michigan 48823
8. Subunits (give mailing adcress of last one listed) - . . -

9. Type of epplicant, "x" one .. 110: Type of training program, "x" one
: : . [} Undergraduate Training Progran
{3 Higher cducation " {3 Graduate Training Program
{ } Eduvcational agency o { ) Postidoctoral Training Program
. " [)State [ )Local [ ) Private . [ ) Institute
{X] Other: specify : {X) Special Trasning Project

Professional) Science Education { 3 Program Development Grant
Non-nxofit Corpoxation - { ) Other: specify

~J1. Name and address of payce of grant award check _
National. Association for Research in Science Teaching, E~30 McDonel Hall, Micuigan
State Ynivecsity, East Lonsing, Michigan 48823 ' S
12. Nome &nd eddress of grant fiscal officer ' 13. Telephone
Dr. T. Wayne Taylor, Secretary-Trcasurcer, E-30 McDonel Hall, 3551725
Michican Stafe Iniversity, E. Lansing. Michinan, 48823 7
1A, CERTIFICATION
X the undersignsd on behalf of the applicant institutiion accept, as to &ny grant
avarded, the cbligetion to comply with USCGE Reguiations and Guidelines for the Educa- -
tional -Research Training Progrem in effect at the time of the award. I further egree
to comply vith Title VI of the Civ.1l Righte Act of 1964 (P.L. 88-352), and the Regu-
" lations issued thereto and state that the formally filed Assurance of Complience with
such Regulations (Form MEW-441) epplies to this project. I also cistify that- there

sistent vith complience with the above, and that trainees with such commitwents will
not bs aceepted for particivation in the program,

. 15. Namez and title of program director 19, Rame end title of officel signing for
(plecase type) E . applicant institution (plecse type) :
Joseph D. Novak . ' " Joscph D. Novak, President
16, Adaress 17. Telephone | 20. Address .} 21, Telcphone
-3 Stou% Hall 607 P Stonc Hall, Cornell U., b0,°" P
Cornel.) Universitv 275-5410 Ithaca, 14850 275-5410
18, Sigmetwre Dato 22, Signeture - ' Date

ORIGINAL COPY, BETTER COPY WAS NOT AVAILABLE AT THE
TIME OF FILMING, E.D.R.S,

i THE MARGINAL LEGIBILITY OF THIS PAGE IS DUE TO POOR R




' ' ' " Poya Arvpwove sy B20Y7
& 2232 (10-07) DEPARTMERY O MEALTH, ®IUCATIOR AND WELFARE  guoccs: wlicau HO. 51
: _ o Office of Education : ‘
. ® .' . * . Htmhington ] DOCO 20202
. SUMMARY OF EDUCATIONAL RESEARCH ' USOE_USE_ONLY
. ) T TRAINIKG PROGRAM ’ :
- - ~ (P.L. 83-531, Section 2 (b), &as
1, Titlc of proéfam ) _ i;gg;bgram period (froii —~ to) 3. Amount
A research training project in . 5/1/(3'li1 (} 1-}/1-2/ )68 g:z,{gA,ﬁ}aL_z_Q
ce Educati : 4. Grant perio rom ~ to . Amount,
Science Education |4 g}ll68 202731768 |524,127.20

{ p co
National Assoc ation for Research in Science Teaching, E-30 McDonel Ha
Michigan State University, East Lansing, Michigan 48823

6. Name and address of applicant Institution (étrecti city, state, zi dgzl
ch ’
7. Subunits (give mailing address of last one listed) '

o

8, Type of applicant 19, Type of training program
Professional Science Education Non-profil Special Training Project
. Corporation i d
10. Nwaber of trainees expected to participate
A. Program period - B. Granl period
_50 _ Grant supported students 50 _Grant supportied students
Other students ' . ' Other students
31, Key professional personnel of proposed trcining progranm
. Name Degree | Discipline rfoicial title | Department

12. Swamayy of itraining proposal (limit to this space), .
The purpose of this project is to train research workers and supervisors

of rescarch wovkers in science education in specific competencies necessary

for improving the quality and quantity of research. Participants will learn °

to distinguish between problems requiring traditional rescarch design and

those requiring newer evaluative designs. They will learn heow to write T e

behavioral objectives for science instruction and techniques for evaluating

the level o attainment achieved toward these objectives. The participants

will learn to appraise the relative contribution derived from surveys

and status studies in contrast to the more basic and widely applicable *

findings resulting from research on factors affccting student's cognitive growth °

in selected areas of science.

In addition, the project will identify additional talent to lead research
training programs, serve &3 a model for research training "presessions" prior
to annual meetirgs of science educators, and accelerate the productivity of
research workers in science education.- - ' '

Y

THE MARGINAL LEGIBILITY OF THIS PAGE IS DUE TO POOR .
. « . . ORIGINAL COPY, BETTER COPY WAS NOT AVAILABLE AT THE ) .
EMC TIME OF FILMING., E.D.R,S., ¢
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02 2243 (15-67) : . . BBOGET EefERY i0u 51

DEPMu‘I aEH’l OoF BEALT:I s LD'JCI;TION AND WELFARE USOF, USE OXLY. -
e * 0ffice of Educaiion
Washington, D.C. 20202 ' ' ' .
ST ' 3. Neme (last, first, initizl)
. BIOGRAPHICAL SKETCH '
. o ‘ Novak, Joseph D,
(P.L. 83-531, Section 2 (b), &5 2. Position title |3.-Appointment date
emended by P.L. 89-10, Title IV) Profcssor-Cornell |  6/1/67
4 Lducation ) Degrec/year .
: Institution (name and address) : rec. 'ved | Area of speeielization
. University of Minnesota . B.S. 1952 Bivlogy-Mathematics
University of Minnesota ‘ .. | Ph.D. 1958 Science Educatjon-Botany
E - 5, Professional vork experierce . Dates Highest
Fmplover (name and address) From - to position held
University of Minnesota -" |1956-57 ] Instructor of Botany ‘ j
Kansoe State Tcachers College - 1957-59 [ |Assistant Prof. of Biology
Purduc University ' - 959-67- Assoc. Prof. of Biology & Ed.
Cornell University . 1967~ Prof. of Science Education

6. Research experience

1952-57 Resecarch assistant - plant physiology

1957-59 Resecarch on leccurc~laboratory methods, instructional techniques
1959-67 Resecarch on cognitive growth; learning theory applications

7. Major publications (not more then fiv‘)

1. A experimental comparison of a conventional and & projected centered mcthod of
.o teaching a college general botany coursc.

Ve 2. The role of concepts in science teachiug

é 3. An integratcd experience approach to learning (book)

8. prericncc in developing and directing rescarch training programs

Past President - Association of Yidwestern College Biology Teachers - led an
ewnluation training prograr for curriculum sponsored by CUEBS.
Rescarch training sessions st NARST meetings in 1962, 64, O66. - .

9. Staff status

“X) Regular full time ( ) Other: specify
10. Time alloca tion Percentage of time 1]
. |_Teaching Administration Rescarch |Other |Totel _ :
A. Institution " 95 . _ 100%
B. Program 05 50 . ’ ' 45 05 -
“11. Progrem responsibilitics : ' .-
i Direct NARST training program including contacting Ley contributors aud program
: planning
! .
i . .
!
l — a®
: .
L} * -
. — ‘ -
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- 0 2244 (10-67) DEPARTMENT OF HEALTH, EDUCATION AND WELFARE  OUOGET BUREAU KO, SI
" . _ Office ol Education '
. Washington, D.C. 20202 C eesimise—msen
EIUCATIONAL RESEARCH TRAINING = USOE _USE ONLY
PROGRAY BUDGET
(P.L. 83-531, Section 2 (t), as ' : T,
awended by P.L. 89-10, Title IV) -
r : SUPPORT FOR GRANT PERIOD ) . .
I. TRAINEE SUPPORT IIX. DIRECT COSTS ’
_A. Stipends A. Personnel
1. Level 2. Sti- 3. No. of L.Amount [1. Type 2.Full- {3.7art-|4.Amount
and type |pend rate Jtrainees tine time
Professiona 50 $ ===~ |Prosram director 1 $ 1200
. : Prof. staff 10 4000
Other staff Secietaries 1040
5. Subtotal: 6240
B. Consumable supplies
‘apexr, Worksheets ' L 100
5. Subtotlal: .
- B, Dependency allowance
). Level 2. Rate 3. No. of [.Amount
+ depend. Subtotal: 100
Weekly S 15 _{C. Equipment,
Acad, yr. 400
Ful yr, G20
. 5, Subtotal.:
. Amount,
C. Travel) and relocation costs: | 10,000
. Sublotal: ..
D Total trainee support: D._Travel . [
Director and Prof. Staff
JI. INSTITUTIONAL ALLOWANCE 20 round trips @ $150 3000
A. Based on rate per trainece

: Per diem 60 (@ $25 : 1500
1. Level |2. Rate 3. No. of }.Amount - -

and tvpe trainces K
: Subtotal.: 4500

' E. Other direct costs

Printing, Program, mailing, phone 500
Duplication, distribution of

_project reporis 1000
Subtotal: 1500
B. Totlal institutional allowance| & i F. ____Total direct costs: $-|97343

IV, TOTAL SUPPORT REQUESTED FOR PROGRZM PERIOD '
- Budset allocation Ist yr. |2nd yr.] 3rd yr. l4th yr. |5tk yr. | Total

_Trainse suoport $]Q,QQQ_ &
Institutional allowance | _.____ e :
Direct cosis 12,340 _ i o
© JXndizect costsg ¢ -4 237 1,787)20 P .
___Totel: | $24,127.120 - 3
* KAME OF LESTITUYION PROGRANM TITLE .
. National Association for Research ‘in A research training project in Science Education

THE MARGINAL LEGIBILITY OF THIS PAGE IS DU TO POOR . v
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Appendix

Budget Summary




Budget Summary

I. Trainee Support
Travel and per diem

IT. Institutional Allowance -- none
III. Direct Costs
A. Personnel
1. Program Director
2. Professional Staff
3. Secretarial Staff: half-time
Secretarial Staff: conference
B. Consumable supplies

C. Travel
Staff travel and per diem

D. Printing, mailing, duplication,
and telephone

Totals

IV. Indirect Costs
8% of Direct Costs

. Totals

Payments Made to NARST
Less Expenditures

Balance Due USOE

Budgeted

$10,000.

1200.
4000.
800.
240,
100.

4500,

1500,

$22,340.

1,787,

$24,127.

Expended

8750.58

1200.00
3600.00
800.00
158.74

37.50

1216.86

1199.02

$16,962.70

1,357,02

$18,319.72

$21,715.00

18,319.72

$3,395.28




