
110 096 135

AUTHOR
TITLE

INSTITUTION

SPONS AGENCY

PUB DATE.
CONTRACT
NOTE

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

MU/DT !MUNE

95 Ili 013 103

Seymour, Lowell A.; And Others
Inquiry Role Approach. Field Test Report
(1972-73).
Hid-Continent Regional, educational Lab., Inc., Kanbas
City, Mo.
National Inst. of Education (DHEW), Washington,
D.C.
1 Aug 73
NE-C-00-3-0060
129p.

Ma-$0.75 HC-$6.60 PLUS POSTAGE
Biology; *Curriculum Research; Educational Research;
*Inquiry Training; Instruction; Science Education;
Science Programs
Inquiry Role Approach; IRA; McREL; Mid Continent
Regional Educational Laboratory; Research Reports

ABSTRACT
Three domains of problems are the subject of this

report: problems related to the nature of the Inquiry Role Approach
(IRA) project implementation in field test classrooms, problems
related to student performance associated with different kinds of
extent of project implementation, and problems related to project
student performance within the project and as different from
comparison groups of nonproject students. Data were gathered by
instruments sampling student perception of the existence of certain
classroom practices, activity log forms, and monitoring on-site McRel
staff. Data on project student performance were gathered by pre-,
interim, and posttesting and activity feedback from teachers. Domains
measured were: (1) cognitive inquiry process skill, (2) attitude, (3)

social skill and small group inquiry activity, and (4) subject matter
comprehension. IRA project students showed significant growth in all
dostains Comparison nonproject students decreased over a year's time
in measured cognitive inquiry skill and attitude while gaining
slightly over IRA students in subject matter comprehension. (EE)
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SUMMARY
a.

1110 Pursuant to a contract with the National Institute of Education, the
Mid-continent Regional Educational Laboratory has reported on its field
test of the Inquiry Role Approach project. The historical context of this
field test is described so as to introduce the IRA project itself and give
reason for a field test. Three domains of problems are the subject of
this report, they are: Problems related to the nature of project
implementation in field test classrooms (to what extent was the project
-treatment-implemented as planned?); Problems related to student performance
associated with different kinds of extents of project implementation; Problems
related to project student performance within the project and as different
from colparison groups of non-project students.

Data related to extent of project implementation were gathered via instruments
sampling student perception of the existence,of certain classroom practices,
activity-by-activity "log" .forms returned by project teachers, and monitoring
on-site by McREL staff.

Data on project student performance were gathered via pre, interim, and post
testing plus activity-by-activity feedback from project teachers. Pre and
post testing was carried out in comparison 'non-project classrooms. The
domains of student performance measured were: 1) Cognitive inquiry process
skill, 2) Attitude, 3) Social skill in small group inquiry activity, and
4) Subject matter comprehension.

Specific problems, objectives, and hypotheses which determined the collection
of data are described in detail as are the population sampled, the instruments
used, the analyses performed and inferences drawn.

The immediate results of data interpretation lead to specific IRA activity
materials revisions and suggestions for further study. Specific interpretations
and conclusions from the various analyses lead to statements of some confidence
that the IRA project was installable to criterion requirements necessary to
have it be considered a treatment in this field test. IRA project students
grew significantly in cognitive inquiry skills and attitudes over 'the course of
a year's installation, IRA project students performed significantly higher on
cognitive inquiry skill and attitude measures than did comparison non-project
students. Comparison non-project students decreased oveI4 a year's time in
measured cognitive inquiry skill and attitude while gaining slightly over IRA
project students in subject matter comprehension. These findings are
interpreted in light of the characteristics of the instruments used and
differences reported between the project and comparison populations.



2

CONTEXT

PROGRAM'S BEGINNING
(NEEDS ASSESSMENT)

The Inquiry Role Approach (IRA) program was developed during a five-year
period (19681973) to meet the needs, as seen by some educators, for
more participation by students in inquiry activities in which they could
assume more responsibility for their own learning. During the school
year. 1967-68, local Kansas City teachers who were teaching the BSCS*
Biology Classes showed considerable interest in using activities that
would change the role of students so that the students would become more
involved in planning and carrying out investigations for tenth grade
biology. 'During a survey of local high schools, Dr. Richard Bingman,
McREL Program Development Specialist, interviewed 10 BSCS Biology teachers
and found that generally they desired:

1. An increase in their ability to provide students with more
individual attention.

2. More student participation in cla sroom discussion.

3. Activities that would stimulate student thinking.

4. Better opportunity for students to become involved in the
processes necessary to initiate as well as carry out scientific
investigations.

These needs corresponded to those expressed by the BSCS staff who
developed the three versions of BSCS biology.** During conferences in
June and July 1967, concern was expressed that the newly updated modern
biology versions (blue, green and yellow) were being taught in a traditional
manner and not according to the intent of the developers.*** Based on
these needs, the McREL staff focused efforts on designing experiences that
would help students assume responsibility for inquiry activities

* *

Biological Sciences Curriculum Study, P.O. Box 930, Boulder; Colorado 80302.

Biological Science: An In uir into Life, Yellow Version, Biological
Sciences Curricu um tudy e ition, Harcourt, Brace &
World, Inc., New York, 1968.

High School Biology, Green Version, Biological Sciences Curriculum
Study (BSCS) , 2nd-edition, Rand McNally & Co., Chicago, 1968

Biological Science - Molecules to Man, Blue Version, Biolog:cal
Sciences Curriculum Study (BSCS), revised edition, Houghton Mifflin
C Boston, 1968.

*** Summary of Minutes of McREL -BSCS Confe,'ence, July 18-19, 1967
Conducted at Boulder, Colorado.
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and help teachers acquire the skills and i,ttites to assist students.
An added incentive to engage in this effort wa a lack of inquiry curriculum
and teacher education.programs at the high',..school level in science. An
analysis of existihg inqviry programs showed that nearly all of them were
developed for the ninth grade level or were designed for general teacher
training. These considerations led to the decision in late 1967 to develbp
an inquiry program and to conLeNitrate development efforts in high school
BSCS biology.

The first such effort was the writing and publication of the document
Inquiry Objectives in the Teaching of Biology (I0T8).' The publication
of this document culminated a joint effort of McREL and BSCS staff aided
by prominent science educators to produce a description of desired student
outcomes of inquiry activities. This cooperative effort extended over two
years and produced a document that has been disseminated extensively
throughout the world.2

In May 1968 this document was critiqued by a specialist panel of nationally
recognized science educators,, psychologists and curriculum evaluators.3
The members of this committee agreed that the attitudinal qualities and
cognitive factors presented in the document were important goals for
science teaching. Some concern was expressed by individual commit+.16
members for certain skills that would enable students to work.togeJier
more effectively in inquiry activities. Following this session the
supplementary document, "Development of Inquiry Skills, Intermediate
Objectives" was written to include social skills objectives to facilitate
communication, role playing, and conflict resolution skills to improve
interaction among individuals or small groups. These objectives along
with the t.titudinal qualities and cognitive factors mentioned earlier
became tho basis in 1968 for +he development of the Inquiry Role Approach
(IRA) and asso:iated evaluation instruments.

HISTORY OF INQUIRY ROLE APPROACH (IRA)

The Inquiry Role Approach (IRA) program has been under develcpment for
five years (1968-1973). The stages of development included a Feasibility
Study (1968-69), Analyses of Selected Program Elements (1969-70), Formative
Evaluat'on (1970-71), Trial or Pilot Test (1971-72) and Field Test (1972-73).
Each of these phases will be described in detail.

Feasibility Study (1968-69)

McREL staff with the cooperation of sixteen l3cal Kansas City BSCS
biology teachers prepared and tried out specially designed materials
during summer of 1968. These were to be used by teachers and students
to initiate role processes and inquiry into the selected concepts and
princloles which were found in ,the BSCS textbooks. Pre and post testing
was conducted during the school year to determine whether students
demon.;trated significant gains in acquisition of subject matter concepts,
attitudes, and critical thinking skills. Al outcome of the testing program,5
was tie occurrance of improved attitude and content acquisition for IRA
classes.
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This study resulted in a need to develop measurement. instruments of the
cognitive inquiry factors, which were to be consistent with the definition
of inquiry as stated in.the IOTB document and ovrationalized in the IRA
program. During the summer of 19.69 the developmUlt of the Explorations
in Biology (EIB) instruments (described in Measuring Instruments 'Section)
was initiated. This instrument was designed to measure students' skill
in demonstrating inquiry behaviors in a simulated problem situation.
Extremely important to the development of this instrument was the selection
of biology topics thot would be interesting to biology students. The
students in the initial IRA classes cooperated in the selection of these
topics.

Based on the 1968-69 study results, local school staff agreed to cooperate
with McREL staff to develop the IRA program and a decision was made to
move to the second 'stage of IRA development.

Analyses of Selected Program Elements (1969-70)

During this school year McREL staff' focused on a study of the differential
impact of using individual work, grotAp work, roles and intermediate testing
while working on inquiry guides.6 The developers believed that increased
understanding. of the differential impact of these elements would help to
establish priorities for what needed to be done during formative development,
and in what order. This study was conducted with teachers in Louisiana
as well as with a local Kansas City teacher who had participated in.the
feasibility study conducted the previous year. The local Kansas City
teacher participated in a trial test of the materials, procedures and
evaluation instrument; used later in the Louisiana study. The target
population in the Louisiana study consisted of seven BSCS Green.Version
teachers and nine classes located in seven schools throughout the state,
the design of the study included pre, post and intermediate testing
either after individual or individual plus group work on'special curriculum
materials called inquiry guides. The results of the study indicated
that while students showed significant gains in acquisition of biological
content following both individual and individual plus group work, there
were wide variations in student achievement among classes and across
inquiry guides. A check on students' work in these classes indicated
wide variation in following the suggested procedures for using and
discussing the inquiry materials. The work with the Louisiana teachers
pointed out an important milestone for development of the Inquiry Role
Approach -- the need for an inexpensive and reliable means of determining
whether program practices are actually being carried out as prescribed
by the developers. This study revealed that unless proper implementation
had occurred it was useless to determine its effects. During the 1969-70
study the differential degrees of implementation accounted for much eifferential
impact of the selected program elements. These findings initiated the
development of the Views and Preferences, Form A (V&P) instrument (described
in measuring instruments section) whic: is designed to assess students'
perceptions of whether selected program practices apd activities have occurred
and if students have expressed preference for them.
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One of the key program practices consisted of the use of small group roles
which students carry out as they discuss inquiry problems or work in the
laboratory. On the basis of the studies conducted in 1969-70 it seemed
that part of the reason teachers did not implement the role practices was due
to a lack of clarity of the role behaviors and means of determining when
students had acquired sufficient understanding to apply them. Oh the basis
of these findings there appeared to be a need for re-defining the rari,
responsibilities and developing instruments to measure role skill understanding.
In the meanwhile, work continued on the EIB, and plans were initiated in 1970-
71. for developing a classilom monitoring system.

Formative Evaluation (1970-71)

During the 1970-71 school year intensive development work was carried out
with teachers who had considerable experience with the IRA program. They
were helped to better define roles, improve the inquiry guides and were
given experience in writing manual materials to help other teachers try
out the program on a school year basis. The development was focused on
writing materials (particularly on roles) and trying them but; revising
and writing these materials in a training manual. Because the teachers
had had two years of development experience, they felt comfortable
enough with the program to try out materials on a day-to-day basis.

During this year another important IRA practice emerged--the use of
assessment and evaluation results to improve curriculum materials rather
than merely assigning grades--and became incorporated into the manual
procedures. As these elements became further developed more attention
was given to the sequencing of the activities in which these components;
small group, roles and inquiry guides, were used. With the help of the
experienced teachers the materials began to form a program.

Trial or Pilot Test (1971-72)

As IRA 'reached later stages of development, means of implementing it
in classrooms'outside the local area were developed. 1The trial test
was to provide ample feedback to revise portions or all of the program,
as necessary, prior to a more fully expanded field test. In the school
year 1971-72 the IRA materials were tested in five high schools of Jefferson
Parish, Louisiana with a group of teachers and one supervisor who had not
participated in the 1970 study, but who had some orientation to the goals
and activities of the IRA program./ Th:s testing protess enabled the
developers to look at the 'entire prograw--including the testing program--'
under the direction of a supervisor and in use by inexperienced teachers.

An important part of the study focused on "proper implementation." The

implementation procedures included the classroom teacher practices and the
duties of the school district supervisor to coordinate the training and
data collection activities. As the supervisor's responsibilities in particular
were not successfully carried out, there appeared to 1)9 a need to make
the program procedures more self-contained and to change the role of the
supervisor.
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Paralleling the study in Louisiana was a small study in one local school
district focused on two experinnced IRA teachers who were following the
program practices.8 Two non-IRA teachers in the same building conducted
the same testino procedures as the IRA teachers. The results were in
favor of the IRA classes and indicated that when the program components
were properly utilized favorable results were achieved.

Following the school year 1971-72 test, many revisions were made in IRA
materials prior to the subsequent field test. These changes included a
redefinition of the trainer role, more directions and options spelled out
for teachers (including in-service training being included directly in
the manuals), model video and audio tapes used in training, and redesigning
of the manuals for easier page and activity location.

During this year the EIB was used f9r the first time as an evaluation
instrument, as was the V&P Form B. On the basis of data, Form B was
revised and became V&P Form C and criteria for differential implementation
(high, medium and low) were worked out for the field test design to be
conducted during the following school year.

Field Test j1972 -73j

During the revision process in the summer of 1972 McREL staff decided that

111

the Inquiry Role Approach was readily adaptable to a variety of modern
textbook materials in high school biology. Therefore the IRA methodology
was adapted to the Yellow Version BSCS textbook.* Previously the methodology
had been applied to the Green and Blue Versions of BSCS Biology.* During
this revision process the design for the field test for school year 1972-73
was developed and executed.

The 1972-73 field test was undertaken to resolve four problems: Can the
adequacy of IRA implementation be described in terms of teacher practices?
Do students in classes in which IRA is implemented demonstrate the knowledge
and skills which the program materials are designed to develop? Does
student performance in IRA classes compare favorably with student performance
in non-IRA classes? What recommendations for revision of program materials
would be indicated by the field test? These problems and the specific
objectives and hypotheses related to each are discussed in a later section
of this report.

37 Biological Science: An Inquiry into Life, Yellow Version, Biological
sciences Curriculum Study (BSCS), 2nd edition, Harcourt, Brace &
World, Inc. , New York, 1968.

High School Biolo Green Version, Biological Sciences Curriculum
'Stu y Zn edition, Rand McNally & Co., Chicago, 1968.

Biological Science - Molecules to Man, Blue Version, Biological
Minces Curriculum StOT(SSCS), revised edition, Houghton Mifflin
Co., Boston, 1968.
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PROGRAM DESCRIPTION

The Inquiry Role Approach (IRA) is a method of teaching secondary biology
which includes teacher training materials, .teacher instructions for class
use and student materials. While the goals of IRA include the learning of
biology content--factual information, concepts and principles of biology- -
the goals emphasize inquiry skill development, social interaction skill,
and attitude development, necessary for good inquiry. The IRA method is
based on the premise that biology content, understanding inquiry skills,
social skills, and attitudes are interdependent and can be achieved best
in a program that integrates them. The beginning point and developing
rationale for this "four-pronged" approach have been discussed in section
II of this report. This section will describe the IRA materials as field
tested during the 1972-73 school year.

Thematic Structure of IRA Materials

The materials are divided into three chronological parts called themes.
Each theme has a series of activities.* The general pattern of the
activities are: 1) An introductory activity to set goals for the themes
and, in Themes II and III, a review of the progress made; 2) A series
of activities, including laboratory exercises and unique discussion
instruments referred to as Inquiry Guides, which develop skills and
knowledge needed for the major independent team investigations; 3) An
independent team investigation called, Laboratory Explorations in Biology
(LEIB) in which the students choose a problem to investigate and then

.plans execute, and report the investigation; and 4) Evaluation activities.
Each theme has its own emphasis and degree of flexibility and is described
below.

In Theme I, students begin an orientation to inquiry by learning the goals
of the IRA program, the structure of the four member team, how to use the
Inquiry Guide, and how to perform their first major team investigation,
LEIB 1. The activities of Theme I, and particularly LEIB 1, are highly
structured to help students develop skills, attitudes, and knowledge.

In Theme II structure is decreased. Students now develop and refine their
skills using activities more of their own choice than in There I. Since

student self- direction is influential in determining activities, comprehension
and application of social skills, inquiry skills, and attitudes previously
introduced are emphasized.

The pre-LEIB activities of Theme III are optional. Students plan, with
limited teacher assistance, which activities they will perform chosen from
options presented. Each team tailors a set of activities which will
provide them with the skills and background information they need for
performing their independent team investigation, LEIB 3. The optional
activities include exercises in statistical analysis of data and analyses
and comparison of science reports. Theme III emphasizes application,
analysis, and synthesis of skills and knowledge.

-22 -ACITrities in Theme I, 15 in Theme II, 9 in Theme III.
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Thus, IRA presents: 1) A general philosophy for the development of

cognitive and social inquiry skills, concepts, and attitudes in biology;

2) A basic teaching method structure consistent with the IRA philosophy;

and 3) Activity-by-activity materials which offer decreasing structure

and increasing options so that the program can be made specific to the

needs of both teacher and students.

Structure of IRA Training_ Manuals

IRA materials are presented in three manuals. Each manual includes

materials for one theme. The manuals are divided into activities.

Activities in Theme I are numbered 101 through 122; Theme II, 201 through

215; Theme III, 301 through 309. The decreasing number of activities is

consistent with the decreasing structure of the themes. There are four

sections within most activities: pre-class teacher instructions, special

training, in-class teacher instructions and student materials.

The pre-class instructions section provides a quick overview of the activity

for the teacher: 1) A brief rationale for the activity; 2) Specific student

objectives expressed in behavioral terms; 3) Time required for the activity- -

both total time and, if the activity requires several class periods, a

more detailed breakdown; and 4) A checklist of the materials and equipment

required for performing the activity.

In order to implement IRA, training is necessary for teachers- to understand

the underlying philosophy, the unique elements of the materials, and how

to utilize the methodology to be consistent with the philosophy. Materials

for such training have been incorporated into the manuals. The training .

materials are written so that they can he utilized by a trainer working

.with one or more teachers ot. by the teacher who must train himself.

These special training materials can be used as a distinct set of training

materials in a trainer-directed workshop for several teachers or, because

of their placement in the manual, can be used by a self-training teacher.

For example, the special trainining designed to explain the overall goals

of IRA is found in Activity 103, the same activity in which students are

introduced to the goals of IRA. The training designed to explain the

structure and use of the inquiry guide--a unique discussion instrument in

the IRA program--is found in Activity 107, the activity in which students

are introduced to the inquiry guide. Not all activities include a special

training section. Most training is found in Theme I (Theme I includes

special training in ten activities; Theme II--one activity; Theme III--two

activities).

The special training section includes: 1) Rationale for training activity,

2) Objectives for the teacher(s) expressed behaviorally, 3) Time requirements,

4) A checklist of materials and equipment required (video and/or audio tapes

are used to model teacher behaviors), 5) Procedures to follow in performing

the training (procedures are "'eyed for use by a trainer with teachers or by

a self-trained teacher), 6) Avessment guidelines and criteria for evaluating

the assessment, and 7) Any instructional materials required (reading

selections, evaluation forms, etc.).
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The in-class teacher instructions section provides the teacher with the
detailed information required for performing an activity in the classroom.
While the pre-class instructions provide an overview, and are generally
only 1 or 2 pages in length, the in-class instructions vary from 1 to 21
pages, depending on the requirements of the activity. Organization of
the sub-sections of this section vary from one activity to another,
depending again on the needs within the activity. All activities in
the in-class instruction sections contain assessment guidelines and
criteria for evaluating assessment matched to the behavioral objectives
stated in the pre-class instructions section.

Student forms are supplied as required for the activity. Twenty-four
of the 46 activities include student forms.

Uniqueness of IRA Materials

Small Group Structure - Several factors contributed to the use of four
member teams in IRA.* However, the use of teams, or more accurately,
groups, is not uncommon. The unique element in IRA small groups is
the structure designed to enhance full participation by all team members.
Each team member is assigned a role. Each role has a set of related
tasks assigned as the role responsibilities of the person who is
performing the role. The roles are presented and developed in Theme I
first in relation to the completion of a team laboratory exercise;
second, in relation to a major team investigation, the LEIB.* The four
roles are: Team Coordinatorcoordinates team discussion, clarifies
team direction, summarizes or synthesizes team discussions and decisions;
Technical Advisor--assists team in analyzing, challenging, and -understanding
concepts, principles, statements of evidence, underlying assumptions, etc.;
leads team in technical aspects of laboratory work; Data Recorder -- records,
or directs recording of, data and notes of team discussions; organizes and
maintains team records; checks for consistency in records and between
records and team decisions or interpretations; and Process Advisor--leads
team in analysis of tam interaction, identification o-f strengths and
weaknesses, and planning actions to improve teamwork.

Inquiry Guide - The inquiry guide is an instructional device which is
designed to organize principles so that the student can see interrelationships.
The guides are structured for use of roles in team discussion, and for
developing higher levels ( cognition. Each inquiry guide is structured
around a major concept or priqciple in biology, the major topic. The stem,
a brief introductory statement, presents the problem or task, and references
are given to information which may be helpful in co'npleting the problem.
Five (or more) inquiry statements follow. Each statement presents factual
information, an application, an interpretation, an analysis, or some other
expression of a sub-principle of the overall- principle expressed in the
major topic. The student reads the statement, interprets it, states a
position (true or false), supports the position with evidence, and records'

411/ * Discussed in "Learning Through Inquiry," Bingman, et. al., 1970.
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an overall statement of a principle or generalization (the student's
understanding of the cub-principle expressed in the statement). Each *.**

statement is written in such'a way as to require the student to demonstrate
a certain level of cognition. As a student works through an inquiry guide,
he demonstrates an arrzy of cognitive behaviors.

The inquiry guide is completed first by all students individually and then
in teams. Each student will complete the guide reflecting differences
in his experience and understanding. Thus, when the student shares
information and ideas during team discussion, new dimensions are added to
his understanding of the principles, and he learns about himself and others
by having the chance to exchange points of view. The variety of activities
engaged in during the team discussion allows distribution of role
responsibilities to all members of the team. For example, the Team
Coordinator directs discussion and helps the team summarize discussion and
synthesize final team decisions. The Technical Advisor helps the team in
analyzing guide statements and making interpretations and generalizations.
The Data Recorder, not only records team discussions, but watches for
logic and consistency in interpretation-position-evidence-generalization.
The Process Advisor helps the team review and improve its teamwork.

Laboratory Explorations in Biology (LEIB) - Much of the development of the
Inquiry Role Approach has been aimed at operationaliziQg the inquiry
objectives delineated in the BSCS-McREL document I0TB.1 In this document,
six major inquiry factors are identified: 1) problem formulation, 2)
hypothesis formulation, 3) design of the study, 4) execution of the desic,n,
5) interpretation of data, and 6) synthesis of knowledge. In most secondary
biology classes, students primarily perform steps 4 and 5. The planning
phase--(steps 1, 2 and 3)--is presented already completed, and tne synthesis
of knowledge step 6 is often ignored.

The Laboratory Explorations in Biology are designed to extend F,tudent
involvement to a full cycle of'inquiry. The IRA materials include three
LEIB's, one at the end of each theme. The LEIB's, as other elements in
the program, become less structured from one theme to the next. LEIB 1
emphasizes problem and hypothesis formulation. LEIB 2 emphasizes design
of an experimental study (including use of related literature) and execution
of the design. LEIB 3 emphasizes interpretation of data and the application
of knowledge gained and synthesis of new knowledge.

In a LEIB, students are presented with a discrepant event, asked what they
would question about the event, and are then presented with possible steps
to take to answer the question they choose to investicate, Options are
allowed for adding or deleting investigatory steps and for using the
steps in any order they choose. Some structure is provided to explain
each step (what it is, how it can be preformed), but students can always
choose whether or not to use a step and the order of use. Completion of
the total investigation is followed with a class rer.ort by the team, class
and teacher evaluation, and replanning of the investigation using the
evaluation as feedback.
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The LEIB facilitates achievement of the four goals of the IRA program:
1) Inquiry objectives can best be achieved if students are allowed to
practice inquiry; 2) As greater 1,4onsibility and opportunity for self-

direction is given to students, attitudinal development is enhanced;
3) A major team investigation lends itself easily to utilization of the
roles and therefore social skill development; and 4) Biological knowledge
is sought. actively by students rather than received passively since it is
sought out and used by students as a necessary part of their investigation.
Thus, the LEIB is a'culminating activity which efficiently combines all
aspects of the IRA program.

0'

o
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FIE.D TEST 1972-73

STATEMENT OF PROBLEM

The 1972-73 field test was undertaken. to resolve four problems: Can the
adequacy of IRA implementation be described in terms of teacher practices?
Do students in classes in which IRA is implemented demonstrate the
knowledge and skills which the program materials are designed to develop?
Does student performance in IRA classes coopare favorably witn student
performance in non-IRA classes? What recommendations for revision of
program materials would be indicated by the field test? These problems
are the basis for the specific objectives and hypotheses presented in the
following section of this report. The problems, objectives and hypotheses
are related as follows:

Problem: Can the adequacy of IRA implementation be described in terms of
teacher practices?

Objective lA

Hypothesis lA

Objdctive 1B

Hypothesis lB

Problem: Do students in classes in which IRA is implemented demonstrate
the knowledge and skills which the program materials are designed to
develop?

Objective 2

Hypothesis 2

Objective 3A

Hypothesis 3A

Objective 3B

Hypothesis 3B

Objective 4

Hypothesis 4A

Hypothesis. 4B

Objective 5

Hypothesis 5
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ProbleM: Does student performance in IRA classes compare favorably with
student perforMance in non-IRA:classes?

Objective 6

Hypothesis 6

Problem: What recommendations for revision of program materials would be
indicated by the field test?

Objective 7

Hypothesis 7

Objective lA -

Hypothesis lA

Objective 1B -

Hypothesis 1B

OBJECTIVES AND NULL HYPOTHESES

To describe how the program was implemented following
each type of teacher training.

- None; this is a descriptive objective.

To determine Whether there is a significant difference in
the degree of implementation between groups ofteachers
receiving different types of training.

- There will be no significant difference between mean
implementation ranks (ranking based on the four variables
used to describe adequacy of implementation) for teachers
receiving different types of training.

Criteria Definitions

Adequate or inadequate implementation of IRA was determined by the
extent to which teachers carried out the classroom procedures as
stratified by the type of teacher training they received. These two
variables are unique to,objectives which follow and so they are defined:'

Very Adequate Implementation - Three of these four criteria must be met: .

1. In Theme I (TeaCher's Manual), 90 percent of activities must be
completed; Theme II, 70 percent; Theme. III, 40 percent.

2. 75 percent of the students must reach the objectives of each activity.

3. Students will respond on the average in the desired way on Views and
Preferences Cl instrument with a mean score of 3.65 or better (views
items onlY)-7

4. Students as a group (65 percent or more) agree at the end of Theme II
that six of The following nine categories wre emphasized as measured
by Classroom Activities Questionnaire (CAQ): application, analysis,
synthesis, evaluation, discussion, independence, divergence, ideas
valued over grades, and enjoyment of ideas.

* Since V&P-C was administered as an interim measure and as a post test the
average of these two administrations.. will be utilized for this hypothesis.
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Adequate Implementation - Three of these four minimum criteria must be met.

The same criteria definitions dre given here as were given in 1 thru 4

above with these changes:

1. Theme I, 80 percent; Theme II, 60 percent; Theme III4 10 percent.

2. 55 percent.

3. A mean score of greater than 3.5.

4. Four of the nine categories emphasized.

Objective 2 - To determine whether there is a relationship between the

degree of ,implementation of the IRA program and student

outcomes for biology content achievement, cognitive inquiry

skill development, and development of affective qualities

of inquiry.

Hypothesis 2 - There is no signifiCant relationship between the three
degrees of implementation of the IRA rcogram--very adequate,
adequate and inadequate implementation--and the following

student outcomes:

1. Comprehensive biology achievement--as measured by the
Comprehensive Final Examination-Forms J & K (CFE).3

2. Cognitl.lesInquiry skill development-as measured by
the Explorations in Biology - Topic 1 (EIB-1).4

Both the total score and following sub-scores will

be used:

A. Formulate a problem
B. Formlate a hypothesis
C. Desicn a study
D. Interpret data or findings
E. Synthesize knowledge gained from the investigation.

3. Affective qualities of inquiry development--as measured
by the Biology Student Behavior Inventory (BSBI).5

Both the total score and-the following sub-scores will

be used:

A. Curiosity
B.. Ope-rine..,s

C. Satisfiction
D. Respomibility

Objective 3A - To determine whether IRA students, in classes where the
program was at least adequately implemented, will show
significant increases in biology content, cognitive inquiry
skills and affective qualities of inquiry from the beginning
of the school year to the'end.
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Hypothesis 3A - There is no significant gain from pre- to post-testing
in biology, content knowledge, cognitive inquiry skills
and affective qualities of inquiry--as measured by the
instruments described in Objective 2--for IRA students
in classes where the program was at least adequately
implemented.

Objective 3B - To determine whether IRA students, in classes where the
program was at least adequately implemented,prefer the

.social behaviors, cognitive behaviors and classroom
procedures characteristic of the IRA program.

Hypothesis 3B - A majority of the leachers -- having performed at least
adequate implementation--will not report a class mean
score of greater than 3.50 for the preference items on
the instrument Views and Preferences - FOrm C. (A mean
score of greater than 3.50 indicates more than 50 percent
of the students prefer the set of social behaviors,
cognitive behaviors and classroom procedures presented in
the instrument.)

Objective 4 - To determine whether there are significant differences in
student outcomes in biology content knowledge, cognitive
inquiry skills and affective qualities of inquiry between
students in the following subgroups:

1. Students in classes where the program was inadequately
implemented, adequately implemented, and very adequately
implemented.

2. Students with verbal and numerical ability at the 75th
percentile or above, from the 50th to the 74th percentile,
from the 25th to the 49th percentile, and at the 24th
percentile or below.

Hypothesis 4A - There is no significant difference in student outcomes- -

biology content knowledge, cognitive inquiry skills and
affective qualities of inquiry as measured by the instruments
described in Objective 2--for students in classes with
different degrees of implementation of the IRA program.

Hypothesis 4B - There is no significant difference in student outcomes- -

biology content knowledge, cognitive inquiry skills and
affective qualities of inquiry as measured by the instruments
described in Objective 2--for students with different
verbal and numerical abilities. (Verbal and numerical
abilities: Students will 0 stratified according to their
'Differential Aptitude Test° Ose-test scores into four
verbal and four numerical ability groups for tenth grade
students only--75th percentile and above, 50th to 74th
percentile, 25th to 49th percentile, and 24th percentile
and below.)
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Objective 5 - To determine whether IRA students will demonstrate criterion'
level performance in biology content knowledge, cognitive
inquiry skills, social skills and affective qualities of
inquiry at ao interim point in the program.

Hypothesis 5 - IRA students will not demonstrate the following criteria
levels when tested at the end of Theme I:

CRITERION PERCENT OF CHANCE
SCORE TOTAL SCORE SCORE

1. Theme I biology
ach:evement--as measured
by a 72-item biology
content test.*

A. Information and
definition items: 12.5 50% 6.25

B. Application and
inquiry process items: 23.5 56 11.75

2. Theme I cognitive inquiry
skill development--as
mea:ured by EIB-2A & 2B.

A. Formulate a problem: 1.7 85% 1.6

B. Search for information: 20.9 55% 19.5

C. Formulate a hypothesis: 9.35 55% 7.5
0

D. Design a study: 28.6 55% 20.4

E. Interpret data or
findings: 17.6 55% 16.0

F. Synthesize knowledge
gained from the
investigation: 9.9 55% 8.6

3. Theme I social skill
development--as measured
by the Social Skills
Checklist* and Understanding
Role Responsibilities* quiz.

A. Understanding Role
Responsibilities: 30 75% 10

B. Social Skills Checklist: 28 56%

* These instruments are found in Inquiry Role Approach THEME I MANUAL,
Activity 121.
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CRITERION PERCENT OF CHANCE
SCORE TOTAL SCORE SCORE

4. Theme I affective
qualities of inquiry--
as measured by the
Attitude Checklist.*

A. Attitude Checklist: 33 51%

Objective 6 - To determine whether there are significant differences in
student outcomes in biology content knowledge, cognitive
inquiry skills and affective qualities of inquiry between
students in the following subgroups:

1. Students in classes of IRA teachers using the BSCS
Yellow Version text.

2. Students in classes of experienced IRA teachers using
the BSCS Blue Version text.

3. Students in classes of non-IRA teachers using the BSCS
Yellow Version text.

Hypothegis 6 - There is no significant difference in student outcomes- -
biology content knowledge, cognitive inquiry skills and
affective qualities of inquiry as measured by the instruments
described in Objective 2--among students grouped by classes
of IRA teachers using BSCS Yellow Version, experienced IRA
teachers using BSCS Blue Version, or non-IRA teachers using
BSCS Yellow Version.

Objective 7 -

Hypothesis 7

To determine what revisions in the program materials are
indicated by the teacher responses.

- None; this is a descriptive objective..
Information for the revision recommendations will be taken
primarily from sections 3, 4, 5 and 7 of the Teacher's Lo
and secondarily from other records of teacherfeidhiek--
(reports from on-site Nisits, memoranda and letters from
teachers, notes regarding telephone or personal communication
with teachers, etc.)

410 * These instruments are found in Inquiry Role Approach THEME I MANUAL,
Activity 121.
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CHOOSING PARTICIPANTS

During spring 1972, a letter seeking participants for the 1972-73 field
test was sent to secondary biology teachers, school administrators, and
other educators--college and university personnel, state boards of
education personnel, etc. The field test would involve not only classroom
teachers, but also trainers of teachers--department chairmen or curriculum
supervisors--and, possibly, individuals such as university personnel to
train the teacher trainers.

Accompanying the letter was a brief description of IRA and a questionnaire
which sought such identifying information as whether or not the person
was interested in participating in the field test, in what capacity, and

if he could suggest additional persons to contact.*

The initial mailing was sent March 22, 1672 to 47 persons in 16 states. Most

individuals were in the McREL region (31 in Kansas, Missouri and Nebraska)
and some had had previous involvement with the IRA program.

Lists of secondary biology.teachers using the BSCS Yellow Version textbook**
in Missouri, Kansas and Nebraska were requested from the respective state
departments of education. Partial lists were received and letters were sent
to selected teachers (77 in Missouri, 10 in Kansas; 16 in Nebraska) during
the month of April. It was found that the lists received were not current.

'Responses from these mailings were poor, apparently due to the dated
information received from the state departments of education. About 10
additional teachers were contacted in various areas as a result of referrals
returned to McREL by persons contacted in the initial mailings. Selection
of participants from the questionnaire respondents was guided by the
following criteria.

* See Appendix for letter, questionnaire, and other descriptive materials.

** Biolo ical Science: An n uir into Life, Yellow Version, Biological

ciences urricu um turfy B n' e ition, Harcourt, Brace &
World, Inc., New York, 1968.
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Guidelines for Selection of Field Test Participants

111 1. A Distribution"of Test Sites and a Variety of Trainers - In the 1971-
72 pilot test, one school district was used as the test site. All

teachers (T3's) were trained by one trainer (T2). Any difficulties

experienced by the trainer or occurring in the district would affect
the complete pilot test sample; therefore several sites and trainers
were sought for the field test in 1972-73. A minimum of five trainers

was preferred. Since each trainer was expected to train at least 2
teachers, no more than 10 trainers were to be selected since program
limitations (number of staff,_funding, etc.) would make it difficult
to manage a larger number. A minimum of five test sites was preferred.
Since teachers without a trainer were also to be included in the field
test, the minimum number of test sites was easily achieved.

2. A Variety of Test Site Settings To avoid bias resulting from a
homogeneous test group, a variety of test site settings were sought
in regard to socio-economic groups, degree of urbanization, inclusion
of ethnic minority groups, etc. Also, in the 1971-72 pilot test
students had been segregated according to sex, a factor restricting
the variety of students in the IRA classroom and, to a degree,
contradictory to the..social interaction development fostered in IRA.
Such settings were avoided in the 1972-73 field test.

3. NeterRgeneity of Student Abilities - While IRA had been formerly

111
operated in heterogeneous classes as well as those with selected
ability groups; the intention in IRA development has been to design
it for use in heterogeneously mixed classes so that a variety of
student skills and backgrounds are brought together. Therefore, only
classes heterogeneous in terms of students achievement and abilities
were used in the 1972-73 field test.

4. Adequate Sample Size - Krejcie and Morgan2 have developed.a table
based on a formula published by the National Education Associationa
for determining sample size in research activities. This table
shows that the size of the teacher sample in the field test would
not allow for generalization to a large teacher population. For

example, a maximum of 40 teachers might be included; rest lts with a
sample of 40 can only be generalized to a population of t.5. Therefore,
our teacher sample size would be determined by other factors--program
staff and funding capabilities--rather than generalizability conside
considerations.

On the other hand, Krejcie and Morgan note: "As the population
increases the sample size increases at a diminishing rate and remains
relatively constant at slightly more than 380 ceses." A selecion of
entries from the table easily demonstrates this:
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N (Population size) S (Sam le size)

1000 278
2000 322
5000 357

10000 370
20000 377
30000 379
40000 380
50000 381
75000 382

1000000 384

Therefore, to have the freedom of generalizing to almost any size
population of similarly characterized secondary biology students, the
student sample in the field test should be no less than 400. This
figure was well exceeded.

By June 6, 1972, a tentative field test group had been identified consisting
of 6 trainers (T2's) with 16 teachers (T3's) plus 7 additional T3's who
would work without trainers. The proposed use of trainers (Ti's) other than
McREL staff was dropped. Initially it vas thought that Ti's might be
utilized to train a number of T2's in a given area to decrease cost of
training all T2's by McREL staff. At least three persons among educators
who had been contacted initially in-March 1972 were enthusiastic about
taking this Ti-trainer role. Since the tentative list of participants met
the guidelines established, further attempts to contact teachers and school
pertonnel for participation in the field test were discontinued. Some
difficulties were encountered in regard to administrative support at the
proposed test site, conflicting summer commitments, etc. By July 31, 1972,
the beginning of the IRA workshop at McREL, the field test participants
included: 1) 4 T2's with 11 T's; 2) 4 T3's without 12; 3). approximately
1750 students in 65 class sections; and 4) 10 schools in 6 states.

In addition to these participants, eight teachers not using IRA materials,
were asked to administer to their classes the battery of evaluation instruments
used in the IRA classes. These teachers and their classes were the non-
randomly assigned control group; approximately 465 students were included.
These students were similar to the test group IRA students in terms of
heterogeneous grouping and other factors previously stated. The teachers
were also similar to the test group teachers in terms of the textbook they
used, experience in teaching, and general teaching approach. The primary
difference was the lack of IRA materials and training for the control
teachers. Pre- and post-tests were administered in classes of four of the
teachers; only post-tests were administered in classes of the remaining four
teachers.
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DESCRIPTION OF PARTICIPANTS

Of the 19 teachers participating at the beginning of the 1972-73 field

test, 4 dropped out (discussed below). The remaining 15 teachers were

categorized in 4 groups:

*Group 1:

Group 2:

Group 3:

Group 4:

T2's trained by McREL staff (Ti's); trainers of other
teachers (T3's); teach at least 1 class section.

T3's trained by T2's. .

T3's trained by, McREL staff (Ti's) (including 3 T3's with
varying degrees of previous IRA experience).

T2-T3's (trainer and teachers) working in a team teaching
setting.

Category four was necessary because of team teaching taking place at
Site B. Student outcomes cannot be related exclusively to any one
teacher; therefore, in any statistical analyses by teacher, the five
teachers in this group must be treated as one entry.

The participants who completed the entire field test were: 4 T2's, 7 T3's

with a trainer, 4 T3's without a trainer, and approximately 1400 students.
The eight field test sites, designated A through H, are characterized in
Table A.

24

* T3 = Teacher
T2 = Trainer of teacher
Tl = Trainer of trainer
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TABLE A: Characterizatior of Test

Sites by Various. Descriptors

SITE

SCHOOL
TEACHER STUDENT TYPE OF SIZE

N N LOCATION SETTING & TYPE

"A"

(2 schools)

UGH

Large,

1 West Sr. H.S.,
(T2) 100 Coast Suburban Public

5 Large,
(1:T2) Sr. H.S.,
(4:T3) 500 Midwest Suburban Public

2 Large,
(1:T2) Sr. H.S.,
(1:T3) 210 Midwest Suburban Public

3 Large,
(1:T2) Sr. H.S.,
(2:T3) 175 Midwest Urban Public

Large,
1 Jr. H.S.,

(T3) 150 Midwest Suburban Public

Medium,
1 Rural- Sr. H.S.,
(T3) 140 Midwest Suburban Public

Large,
1 Suburban Sr. H.S.,

(T3) 80 Midwest -Urban Public

Large,
1 Sr. H.S.,
(T3) 30 Mi est Suburban Public

Criteria for the distribution of test sites, variety of trainers, and
variety of.test site settings were at least minimally satisfied by this
selection of participants.
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The four teachers who began the field test but discontinued participation
before completion, all expressed difficulty adjusting to the neW methodology.
Each is discussed individually below.

At field test Site A, the T2 met only twice with one of the T3's before the
school- year began. A second T3 did not meet with the T2 and discontinued
any efforts to implement the program within the first few weeks. By mid-
November the first T3 also discontinued involvement in the field test,
although he continued to use elements of the IRA program materials and
administered all evaluation instruments at the end of the year. The T2
stayed in the program.* At Site C, a T3 dropped from the program during the
two-week workshop directed by the T2 in late August, 1972. He would have
been teaching biology for the first time (he had been teaching earth science)
and felt the added demands of learning IRA would be more of a hindrance
than a help. A second T3 at Site C discontinued the program in his class
in December.

The T2 at .:ite D had a class section with generally low achievement scores
because of achievement grouping in other classes within the school. This
imbalance made heterogeneous team grouping impossible, and so the T2 decided
to discontinue the field test program.in this particular class. He continued
the program in another more heterogeneous class section and used parts of the
program in his low achievement class.

Teachers

All ISLA 1 of the 15 field test participants had previous teaching experience
and previous experience using the BSCS Yellow Version textbook.** The
teaching experience of the participants is suularized in Taale B.

TABLE B: Years Teaching Experience of Field Test Participants

YEARS EXPERIENCE NO. OF TEACHERS TEACHER #

0 - 2

3-- 5
6 - 9

10 - 15
16 or more

1

5

2

3

4

11

10, 12, 13,
02 &

04, 30 &
40, 20, 21

31

01

14

&

&

03

22

Note that the one inexperienced teacher worked in a team teaching setting
with four other experienced teachers. Twelve of the fifteen teachers had
no previous experience with IRA. Two T3's at Site F and G had worked with
McREL staff during. the prototype development of IRA elements (the teacher
at Site G during the '68-'79 academic year; the teacher at Site F during
'69-'70). One T3 at Site H had used the IRA materials and acted continuously
as a co-developer of materials since the 1968-69 academic year. This teacher
was also a co-writer of the IRA materials used in the 1972-73 field test, a
member of the McREL staff during the IRA workshop for T2's and T3's, summer
1972, and would be categorized more accurately as a T1- T3 .

* The T2 designation was kept since this trainer-teacher had functioned in
this capacity for almost half of the academic year and continued to have
intermittent contact with the T3 who was still using parts of the program.

** Biological Science: An Inquiry into Life, Yellow Version, Biological
Sciences Curriculum Study (BSCS), d edition, Harcourt, Brace &
World, Inc., New York, 1968.
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Students

IRA is designed for students with abilities and achievement in the 30th to
99th percentile range as measured by the Differential Aptitude Test-Verbal
and Numerical'. (DAT-N). Inclusion of students falling below the 30th
percentile should not affect the success of the program, neither overall
or for those students below the 30th percentile, as long as the student
groups are heterogeneous and the percentage of students below the 30tn
percentile remains low. In the 1971 -72 pilot test, student DAT scores
(V+N composite) placed students in the following percentile groupings:

Below 3U - 3 percent 50 - 74 - 39 percent
30 - 49 - 26 percent 75 and above - 32 percent

Mean percentile for students in the 1972-73 field test, according to
DAT Verbal and Numerical scores, are given in tables C and D.

TABLE C: Mean Percentile for
Scores on DAT-Verbal

SITE 1 N.

MEAN RAW
SCORE

MEAN
PERCENTILE*

A 97 34.27 75
B 508 28.22 57
C 203 29.89 f, 63
D 203 31.77 68
E 141 24.03 43
F 131 27.24 55
G 51 28.47 58
H 19 31.79 66

Total 1318 29.01 60

*10th grade, first semester norms applied.

TABLE D: Mean Percentile for
on DAT-NumericalScores

SITE N

MEAN RAW
SCORE

MEAN
PERCENTILE*

A 94 26.56 63
B 456 18.11 30
C 206 23.13 48
D 195, 24,48 53
E 124 17.73 27
F 129 21.57 42
G 51' 22.51 45
H 18 22.89 47

Total 1240 21.08 40

*10th grade, first semester norms applied.
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The DAT-V mean for the entire IRA sample was 29.01, as reported in
Table C, and the percentile rank for this mean was 60. The median was
29.00 and the mode was 28.00. Thus these scores were probably normally
distributed. The minimum score was 7 and the maximum was. 48 on this
50-item test. The standard deviation was 9.94. Thus 84.38 percent of
the IRA students had verbal scores at or above the 30th percentile on
the DAT-Verbal test.

The mean, median, mode, minimum, maximum, and standard deviations were
21.12, 21.00, 18.00, 1.0, 40.0, and 8.18 respectively for all IRA students
on DAT-N. Thus 64.4 percent of the IRA students had numeric scores at
or above the 30th percentile on the DAT-Numeric test.

All students were in their first year biology classes using BSCS Yellow
Version. Students at Site E were ninth graders; at Site A, students were
primarily 11th graders; at all other sites, students were all, or primarily,
tenth graders. A large percent of students at Sites B, E, F, and G were
below the 30 percentile range. This was higher than preferred.

Characterization of Control Grou Partici ants

All teachers in the control groups were experienced teachers. Classes
included were first year biology using BSCS Yellow Version texts composed
of all or primarily tenth grade students. Four of the control teachers
tested at the beginning and end of the school year; four other., tested
only at the end of year. The control sites are characterized by the
information in Table E.
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SITE

*A

C '

E

H

I

TABLE E: Characterization of Control
Sites by Various Descriptors.

TEACHER
N

STUDENT
N LOCATION

TYPE OF
SETTING

SCHOOL
SIZE
& TYPE

150

West
Coast Suburban

Large,
) Sr. H.S.,
Public

1 65 Midwest Suburban

Large,
Sr.. H.S.,

Public

1 55 Midwest Suburban

Large,
Jr. H.S.,
Public

1 75 Midwest Suburban

Large,
Sr. H.S.,
Public

3 165 Midwest Suburban

Large,
Sr. H.S.,
Public

* COMMENTS:
A - Same.as test Site A; control group was in similar school

in same district as test group.
C - This is same school as Test Site C.
E - Same Site as Test Site E; control group in similar school

in same district as test group.
H - Same Site as Test Site H; control group in similar sthool

in same district as test group.
I - No test group at this site.

A description of the student populations at the control sites according
to DAT scores is given in Tables F and G.



TABLE F: Control Students Percentile Group

111
Distribution According to DAT-Verbal Scores

MEAN
STUDENT RAW MEAN

SITE N SCORE PERCENTILE*

A 145 35.41 77

C 55 29.78 65

E 51 29.53 63

H 66 30.98 65

I .148 . 33.10 70

*10th grade, first semester,gorms applied.

TABLE G: Control Students Percentile Group
Distribution According to DAT-Numerical Scores

MEAN
STUDENT RAW MEAN

SITE N SCORE PERCENTILE*.

A 145 29.21 75
C 55 24.98 57
E 51 24.55 55
H 66 24.47 55

I 148 25.95 62

30

*10th grade, first semester norms applied.

Experienced Teachers

Four teachers in the Kansas City area have participated for five years
(1968-69 through 1972-73) in the testing and development of the Inquiry
Role Approach program. They are experienced with the BSCS Blue Version*
IRA materials. During the 1972-73 school year, they adapted the Yellow
Version materials to the Blue Version text and met to exchange ideas
among themselves and also give feedback to the McREL staff from their
viewpoints as experienced IRA teachers. While not part of the field test
group, these teachers provided information and insites beyond the scope
of the first year IRA teachers. Evaluation instruments were administered
to student samples of each of these teachers. School setting descriptors
and student DAT groupings are given in Tables H, I and J.

* Biological Science - Molecules to Man, Blue Version, Biological
Sciences Curriculum Study (BSCSITTiVised edition, Houghton Mifflin
Co., Boston, 1968.



31

TABLE H: Characterization of Sites of Experienced

111
IRA Teachers by Various Descriptors

SCHOOL
TEACHER SITE STUDENT TYPE OF TYPE OF SIZE .

CODE CODE N LOCATION SETTING & TYPE

Large,

Sr. H.S.,
61* H** 90 Midwest Suburban Public

Medium,
Sr. H.S.,

62 H** 90 Midwest Suburban Public

Medium,
Sr. H.S.,

63 J 140 Midwest Urban Parochial

Large,

Sr. H.S.,
64 H** 140 Midwest Suburban Public41.

411
TABLE I: Experienced IRA Teachers' Students

Percentile on DAT-Verbal Scores

STUDENT MEAN RAW MEAN
TEACHER N SCORE PERCENTILE*

61 17 30.1 63

62 28 32.5 70

62 72 31.8 69

64

*10th grade, first semester norms applied.

* Teacher 61 is also in6uded in the field test group as Teacher #04.
This teacher taught one section using the BSCS Yellow Version text
(included in the field test group) and three sections using the
BSCS Blue Version text (included here).

** Three schools within the same district are represented.
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TABLE J: Experienced IRA Teachers' Students
Percentile on DAT-Numerical Scores..

STUDENT MEAN RAW. MEAN
TEACHER N SCORE PERCENTILE*

61 17 23.4 49
62 28 26.7 64
63 72 24.2 .53
64

*10th grade, first semester norms applied.

Students were in first year biology. Students of Teacher 63 were all
in ninth grade. Students of the other teachers were all or primarily
tenth graders.

PROCEDURES FOR IMPLEMENTATION

Workshops and Follow-Up With Teachers

The implementation plan for the Inquiry Role Approach (IRA) program for
school year 1972-73 consisted of three steps:

1. Six participants completed a formal workshop conducted by McREL
staff (MI's). Attending were four trainers-of-teachers (T2's)
who would return to their school districts to conduct simiTar
workshops for other teachers (T3's) who would in turn implement the
program in their classes, and two teachers (T3's) who represented
schools where no one _was available to assume the T2 role.

2. ThreepT2's conducted workshops at their schools prior to the
beginning of the school year; one T2 was not able to conduct a
formal workshop.

3. Follow-up contacts were made with T2's and their T3's, Ti's training
T2's, and T3's without trainers. Emphasis of these follow-ups was
on seeing that each teacher used the Teacher's Manual on a self-
contained basis. Discussions among T2's and T3's on using these
materials enhanced each person's understanding of the IV process
and provided support to the continued commitment to the program.
Two T3's were trained by McREL staff (Ti's) and did not have T2's
or T3's to share their successes and failures. This study considered
important how these T3's were able to implement the program as
compared to T3's who had assistance. This will be described further
in this report.



33

Workshop Training b, McREL Staff (Tl's

A lb-day workshop was conducted at McREL by four staff members (Ti's) from
July 31, to August 11, 1972. The four staff members were developers of
the IRA program. (See agenda for the training workshop in Appendix.)
The workshop focused on those IRA activities emphasizing small groups,
roles, inquiry guides, special laboratory investigations, evaluation
procedures, and use of feedback.

The participants were selected as described elsewhere in this report and
attended the workshop under the following remuneration agreements:

1. McREL financed room, board, and travel.

2. These provisions did not apply to Test Site A which received only
$50.00 for travel.

Each participant in the workshop was encouraged to proceed at his own
pace in the in-service activities given in the Teacher's Manual. Each
of these activities includes objectives, procedures, reading and assessment
materials, and criteria for determining student success. The role of the
trainer is specified in the manual under a section called Special Training,
The Ti's major function was to model the trainer role as specified in the
manual and involved assessing the progress of the participants, applying
criteria given in the in-service activity, and providing remedial help
when necessary.

Each participant was given the chance to micro-teach certain activities
to students brought to McREL. The T1's coordinated and scheduled these
activities with the use of audio and video materials when it became
necessary to provide a model for the T2's to follow on their return to
their own workshops. All teachers were given special instructions on
how to administe'r tests and collect and organize data. The Ti's in
addition to assessing the progress of the participants, collected data
on spec%al problems the participants were having with following manual
instructions, time allocations, use of multi-media facilities and
materials, and developing implementation plans for their own installations.
These data were then used to make final revisions in the Teacher's Manual
to be used during the school year.

At the end of the workshop teachers were asked to fill out an evaluation
form on the large group sessions, micro-teaching, individualized instruction,
and were invited to make other comments on how the McREL workshop was
conducted. Generally, the participants favored the format of the general
workshop sessions, the micro-teaching, and the individualized sessions of
the workshop. Following some remedial activities, all participants met the
performance criteria stated for the special training sections of the manual.
The remedial activities were required mostly for clarification of procedures,
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terms, etc., as given in the Teachers' Manual (These have been revised
accordingly since the workshop.) Also, suggestions and comments made by
these participants helped in replanning the workshop schedule to be useful
for subsequent workshops.. The replanned workshop schedule differed from
the previous one (See Appendix) in these ways:

1. Time for workshop was reduced from 10 to 5 days. In this workshop
when teachers were given extra time, they had trouble using it.
Also, much time was spent on specific procedural matters pertinent
to only one or two members. Such matters should have been discussed
during special individual sessions which were scheduled at the end
of each day. More rigorous allocation of time was the major charge
in the workshop schedule.

In the new workshop schedule more stress,is given to the use of
time outside the workshop--preferably in advance of workshop--to
cam out reading and planning activities. This chance is consistent
with one original objective of the IRA program--to make the special
training section of the Teacher's Manual as self-contained as
possible.

3. Other suggestions .include: Use of same students in micro-teaching
from beginning.to end; M)ra emphasis on video taping of micro-
teaching; Use of flow diagrams to present an overview of the 'IRA
program.

The staff noted training difficulties in conducting the workshop included
a problem with getting the participants to work individually or, even, in
small groups. Even though participants expressed a desire to stay longer
in the large group setting, one of their main criticisms in later evaluation
focused on--"spending too much time in general or large group sessions." A
surprising difference existed among teachers in regard to working
Independently for reading or planning assignments. Their previous
experience at other workshops may have had important effects. Thos,
teachers who had not had previous experience nad much more difficulty.in
adjusting to individuali?ed schedules.

At the end of the workshop the T2's prepared their own workshop schedules
which were examined by McREL staff. Most of these resembled the workshop
schedule used during the McREL workshop, except for time allocations.
Considertion of the time allocation was due to the fact that the McREL
staff had shared their revised workshop plan with T?'s prior to their
completion of their own plans. Also, some school districts have restrictions
in terms of time allocations. Restrictions on media equipment also required
changes in those activities designed for the use of video tapes, and 8 mm
projectors. Therefore, McREL staff simplified the audio visual requirements
for the program or provided alternate activities not requiring such equipment.

Final concluding comments on the workshop in general included appreciation
to McREL staff members for their help in answering questions and solving
special problems. Participants particularly liked the chance to interact
with students, especially those students who had had previous experience
with the IRA program.
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Workshops by T2's in Their Own School Districts

Three T2's carried out their. workshop plans in formal training prior to
the .1972-73 school year. One T2 was not able to carry out her planned
workshop on a formal basis, but continued to provide discussion and
informal training for one teacher. The participants were selected as
described elsewhere in this report and attended the workshop under the
following remuneration agreements.

1. T2's to receive $250.00 for workshop period.

2. T3's to receive $200.00 for workshop period.

3. These provisions did not apply to Installation A which received no
financial help from McREL.

A description of each workshop site follows.

Site A - No formal workshop was conducted even though a workshop was
pinned for at least two teachers. A follow-up report by 12 indicated a
loss of interest among T3's who had previously been interested. No
special time had apparently been provided for the workshop and no financial
remuneration given to the teachers. The T2 did continue to provide
training to one 13 in the school with discussions after school. Several
hours were spent in these discussions and, according to notes returned to
T1's, most of the ideas in the origgial workshop plan were covered during
this informal training. No informaLion was available on the training
success of the T3; the T3 dropped the program in November 1972. During a
follow-up contact with this T3, the ideas in the program were praised as
were 'the T2's efforts to carry out the implementation of the program.
Pressure from college bound students (mainly juniors and senif.rs)
were very "content-oriented" seemed to be the most important reason
for discontinuing the program. However, administrative support was
positive and was an important factor in the T2's ability to carry out the
program in her own classes. The T2 was also able to coordinate a large
amount of data from non-IRA teachers at this installation site, an
important contribution to field test results.

Site B - An eight-day workshop was conducted by a McREL trained T2 for
four 's. The workshop, which required special planning due to a
flexible modular schedule used in the school, was completed by all four
T3's. According to the T2 workshop summary report, all participants
worked together as a team until each T3 understood the activities. They
were able to meet weekly throughout the year because the school district
allowed specific planning periods for such purposes.

A McREL staff .member visited the installation workshop and reported that
although progress seemed very satisfactory, some significant problems
had occurred that were beyond the control f the T2, including: divided
responsibilities among the T3's such as iJotball practice; lack of video
tape equipment; and inability to conduct micro-teaching. The inability
to conduct micro-teaching was offset by the team teaching which offered
an opportunity for teachers to observe and critique each other's
teaching. A very high morale among the participants was reported, as was
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ability to deal with technical problems, enthusiasm for the program, and
willingness to put forth strong effort to implement the program. The
report also indicated a strong commitment from local school staff to
support CIF! program. Because of the team teaching situation, these five
teachers were considered one for purposes of data analysis.

Site C - A 10-day workshop was conducted by a McREL trained 12 for 3 T3's
Two teachers completed the workshop; the third teacher dropped out on the
fourth day. All T3's and the 12 taught biology in the same building.

According to this T2's report, submitted at the end of the workshop, the
planned workshop agenda was followed except for the introduction of IRA
program, which was replanned during the workshop session (a description
was sent to McREL in "flow charts" describing the sequence and relationship
of activities and was acceptable to McREL personnel). Also, micro-teaching
was omitted partly because the T2 felt that the T3's were not "comfortable
enough" with the activities to try them out in micro-teaching sessions.
As a result, the micro-teaching was replanned for the eighth day, but was
rejected in order to complete the 10-day workshop on time. During the
McREL workshop, this T2 seemed favorable to micro-teaching and the use of
students to try out the activities. While it is very difflcult to determine
the effect of this omission of micro-teaching, the McREL staff felt it
could be rather serious.

The T2 reported that one T3 met the criteria for all activities covered in
the workshop and expressed doubt about the progress of the second 13 and
appeared hesitant to provide him with remedial help. This second T3
dropped the program a short time after school began, giving the same
reason a third T3 gave when he dropped the program during the fourth day
of the workshop: ."I'm a traditional teacher and it required too much to
change."

In addition tc this Tz's general assessment of the workshop activities,
he reported difficulties in the training similar to the ones the McREL
staff had encountered during their Kansas City workshop. Besides problems
with the workshop plans, he expressed specific concern for biulogy content,
errors in the Teacher's Manual , loss of confidence in "educational
methodologies," need for better description of grading system, and concern
about using hemocytometers when many schools do not have them available.
The errors, grading system description, and use of complex equipment will
be revised in the Teacher's Manual instructions. The T2 suggested small
numbers of participants such as he had in his workshop restricted group
discussion. He suggested the Teachers' Manual be simplified with separate
training sections. Finally, he concurred that a 7-day training session
was feasible.

One McREL visit to this workshop was for the main purpose of monitoring
the workshop progress and coordinating plans for data collection throughout
the school year. The report following this visit did not obviate and
seemed supportive of comments made in the T2's report. Administrative
support for the program also seemed very positive.
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Site D - A 10-day workshop was conducted by a McREL trained T2 for two T3's
who completed the workshop and succeeded in a follow-up Implementation in
their schools. One T3 and the 12 taught in one school and the other 13
taught in a separate school.

The proposed plan of the workshop was very similar to 44...c workshop
conducted at Site C. Since the two groups were ' . ',tie same district,

they planned to conduct a joint workshop this plan was preempted by
McREL Evaluation Design Committee whe .,ecided it would contaminate the
evaluation program,to have a mix' .e of two T2's influence in the same
workshop. Despite this they .ducted joint sessions on two successive
days. The workshop . micro-teaching. The.participants reacted
positively and few sup. .dons were made for improvement, except for
these concerns over ..nual interpretations, difficulty in arranging and
using audio ViS equipment, and receiving materials on time. Manual
interpretatior and audio tape problems have been generally corrected;
other prob1 have been subsequently resolved within the school district.

One v4 to the workshop showed nb serious problems except technical
dif' .ulties such as how to grade a team when one member is missing. It

i.dtrongly suspected, although not definitely stated, that workshop
iscussion would have been enhanced with a larger group of participants.

Administrative support for this installation seemed very positive.

Continued "T2-T3" Relationship-Throughout the School Year

Site A - Informal discussions were conducted by T2 with T3 up to the point
of withdrawal from the program. The T3 subsequently reported to McREL
staff that his.relationship with the T2 was cordial and that he had dropped
the program for other reasons.

Site B - The five teachers at this site used a team teaching approach
aTd with a modular schedule designed to maximize a student's
exposure to a variety of teachers and other students. Because of the
team teaching and limited in-class times teachers closely followed a
master schedule of activities and lessons. Part of the teacher's schedule

was a weekly two-hour planning period. In addition, periodical meetings
were scheduled after the regular school day. T2 reports and Tl on-site

monitoring reports indicate that these teachers worked very well together
and conferred with one another daily.

Site C Follow-up contacts by the T2 with T3's were carried out on a
fo rmal and informal basis. The T2 assumed a title as Coordinator of
Inquiry Role Approach Training at his school. According to reports made
on several follow-up meetings conducted during the year, there appeared to
be a much closer personal relationship between the T2 and one T3 who
continued in the program than between the T2 and the T3 who dropped the
program. This relationship persisted throughout the school year.

Site D - Follow-up contacts by the T2 with T3's were almost entirely on
an informal basis. The T2 and one T3 worked together in the same
department and were able to discuss and plan the program extensively. The
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other 1-1, located in another school, maintained a close relationship with
the T2 5y telephone conversations. According to reports, the T2 assumed
other non-IRA responsibilities during the second semester; however, by
this time the T3's were apparently implementing the program in a
satisfactory manner.

Site E - T3 worked alone. McREL personnel maintained contact on a
minimal basis by mail or telephone. The encouraged to call McREL
personnel in case of emergency or for clarification of Teacher's Manual
instructions or testing; otherwise, the T3 was very much on his own. One
visit was made early in the school year, mainly for the purpose of
collecting data and coordinating testing.

Site F - T3 worked atone. McREL personnel maintained a minimum of
cootact by mail or telephone on procedural matters. Two classroom visits
were made early in the school year, mainly to clear up audio visual and
dea problems.

Site G - T3 worked alone. Since this teacher had had some experience
with IRA methods and activities three years ago, but no workshop training
on the latest materials, three visits were made to the classroom to brief
the T3 on how to use the Teacher's Manual. A total time of less than two
hours for the whole year was spent briefing this T3 plus occasional
telephone conversations with her to clarify manual instructions.

Site H - T3 worked alone. This T3 was a co-developer of the program
so classroom visits were made mainly to discuss field test problems and
help coordinate testing programs in the school district.

Communication by Ti's With all Participants Throughout the School Year

Feedback forms, called Teacher's Logs (See Appendix), and onsite visits
added to a continuing communication process among McREL staff (T1's) and
field test participants. All T2's and T?'s were asked to fill out
Teacher's Logs after completing each activity. McREL staff would examine
them and respond if necessary. The logs were divided among Tl's who would
communicate periodically with teachers on progress being made in implementing
the program. The 'Ts paid special attention to such things as amount of
time spent on activity, whether the activity was completed, what percent of
students reached the objectives, and kind of modifications made in
presenting the activity. Teachers were encouraged to suggest how the
activity might be revised to increase its effectiveness. Tl's reacted to
the logs by answering specific questions raised by the teacher or giving
information about how other teachers had carried out the activity
successfully.

While the Teacher's Logs gave the teachers' perceptions of the activities,
a pair of instruments was a source of data on students' perceptions of the
activity, resulting in valuable information on whether selected teaching
practices had been carried out during the implementation process. At the
end of Theme I, (January, at most sites) the Views and Preferences-Form C
instrument and Classroom Activities QuestonnT17-e (CA01 (see Measurement
Instruments section) were given to students. This data was analyzed and
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results were reported back to the teachers. The teacher could then
compare his perceptions of what had happened in Theme I with his students'
perceptions. For the Tl's this information provided valuable input to
supplement the results given in the Teacher's Logs. This dual method of
determining the degree of implementation was an important aspect of the
field test.

Other communications with T2's and T3's were visits to the classrooms.
Those conducted in sghools near Kansas City were reported in the last
section; the others are described here.

Site A - No visits were made due to lack of funds for long distance travel.

Site B - Visit made in April 1973. The major objectives of this visit
were: to identify problems of implementation; assess teacher and student
attitudes towards IRA; discuss plans for the future of 11:A.

Developing continuity among students and teams while operating within a
flexible modular scheduling was found to be a major problem because it
was very difficult for teachers and students to coordinate individual
work, small group discussions, and large group discussions. Also, some
students showed concern over too much paper work, not covering enough
biology, and some dislikt for the roles; but indicated respect for the
goals and methods cf IRA and thought IRA was better than the former method
of learning biology, as described by their friends.

The teachers were pleased with IRA because they were able to compare IRA
with traditional methods previously used and could compare results over
two or more years. Increased discussion was a favored .point for the IRA
program.

Plans were to be made to use IRA in all senior high and mid-high biology
classes. University of Oklahoma staff, after frequent visits to IRA
classes, redesigned a methods course (soon to be offered) which will
incorporate IRA methods.

b

Site C - Visit made in March 1973. A one-day visit was shared between a
T2 and a T3 at this site. Both teachers were carrying out the implementation
processes satisfactorily. Procedures for holding discussions and special
orientation section for new teachers were suggested improvements they gave
for the Teacher's Manual. Students reacted positively to IRA. One

innovation worked well for this team--the T2 stayed a week ahead of the T3
in scheduling his activities, so that the T3 would benefit from his
experience of what went well, what didn't work out, and what to do about
it. The T2 was also actively involved in workshops with other than biology
teachers in an effort to adapt some IRA ideas to teacher training and
curriculum development in other subjects and departments. He was also
somewhat successful in interesting local colleges to use IRA ideas in their
methods classes.

Site D Visit made in March 1973. A one-day visit was shared among one
T2 and two T3's at this site. As was done at Site C, the T2 and a T3
stayed ahead of the other T3 for scheduling their activities. The model
of this new T2-T3 relationship at Sites C and 0 was reported quite
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effective. Some difficulty was experienced with certain inquiry guides,
a need for more materials on roles, and using the video tapes on roles.
The students in this installation generally liked and were receptive to
the IRA roles except in the one class where, apparently, some students
desired a content-oriented, memory type of course. The T2 at this site
cooperated with the T2 at Site C in a joint presentation of IRA to local
educational groups.

Site E - Visit made in January 1973. The T3 at this site was very
conscientious about developing students' positive attitudes towards
themselves and the program. The students seemed to work well in the
activities. Some concern was reported about the slow pace of the program
and that continuity of the program would be lost if too much time was
taken on certain activities. The T3 seemed receptive to helping to install
the program in other schools and departments and was instrumental in hiring
another teacher, who had had previous IRA experience, The administration
at this site was especially supportive.

One major reason for this visit was to collect data on "non-IRA" teachers.
The T3 coordinated the data collection process and returned this data to
McREL. These efforts were comparable to those carried out by T2's in
Installation Sites A, C and D.

Site F = Two visits made--one in late fall; one in winter of school year
1972-73. This visit was made mainly to coordinate video tape schedules
and equipment, and testing; however, some time was spent on visiting the
classroom. The easy going maoner of T3 in working with students was seen
as favorable, but some concern was expressed as to whether the pace, or
scheduling, of activities was too slow, and whether the students really
understood the IRA ideas and concepts. Administration seemed neutral to
the existence of the IRA program.

Site G - Three visits made--December, 1972, February and April 1973.
Classroom visits were made because this 13 had not completed the McREL
workshop, even though she had had previous experience using the first IRA
materials in 1968-69. The T3 reported little difficulty in following the
Teacher's Manual but when problems did occur (principally on the testing
procedures) she would call McREL. The students seemed receptive to the
IRA program. Administration was generally in support of IRA.

Site H - Visits made 15 to 20 times during the school year. The main
reason for these visits was to determine how these students reacted
when taught by this teacher who had previous experience with IRA. This
experienced teacher suggested ways inexperienced teachers could better
overcome their immediate problems and made revisions in the Teacher's
Manual. One major difference between this teacher and the others was his
ability to adjust the scheduling of the activities to the students'
abilities. He carried out more remedial work during this year than in the
previous years. The students were positive toward the program and
completed extra class activities such as science fair projects.
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Experienced IRA Teachers. - Several visits-were made to classrooms of
three teachers with previous experience with the program. These teachers
have made various adaptations of IRA to accommodate the use if other
textbooks, a second course in biology, etc., but have retained the basic
IRA concepts. Suggestions by these teachers have been valuable in
rewriting program materials. These teachers continued to give their
time and services to the development of IRA even though no funds were
available for their compensation. This group of teachers has been
previously described in the Description of Participants section.
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MEASURING INSTRUMENTS

Teacher's Log*

I
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This instrument was designed to help determine the implementation of the
Inquiry Role Approach program. The instrument was written by McREL staff
to supply infcrmation specific to each activity not previously secured.
The data was to be recorded on the log at the end of each activity by
each teacher participant. This instrument and procedure were described
in the training workshops.

The data recorded by the teachers on the logs included.: activity number,
.whether the activity was completeth,and to what extent, time spent,
modifications and explanations in activity procedures, reactions to the
sequence, the pre- and in-class instructions, and the student materials,
an estimation of the percentage of students meeting criteria for objectives,
and, information on how each activity could be.improved. Data from this.
source were verified in some instances by other types of communications,
e.g., telephone conversations, direct observation, interviews, and letters.
Based on these other sources of information it was determined that the
reports on the Teacher's Log were reliable. The items elicited information
desired and were thus valid; but, of course, extraneous data were supplied
and in some instances participants chose not to use the log as their means
of communication.

Views and Preferences - C*

The V&P - Form C cuntains 50 items which were selected from 143 items of
Views and Preferences - Forms A & B. The items were mainly selected on the
basis of whether or not they discriminated between 700 IRA and b20 non-IRA
students. The non-IRA students in this sample were enrolled in BSCS biology
classes and used a standard textbook laboratory approach.

The data for the two groups were analyzed by calculating a chi-square for
each item. The items selected, the level of significance, and the percent
who chose the desired response are recorded in the Seymour and Bingmln paper.'
Differences between the two groups were significant for 49 items and another
item was retained because IRA students met the criterion level and i% was
deemed to measure an important aspect of the Inquiry Role Approach program.

In order for an item to be retained in Form C, IRA students had to score
in the desired manner 4nd to the pre-determined criterion level. The pro-
fessional judgment of the staff determined these, and they are recorded in
the aforementioned paper.

There are three major dimensions of Form C: social, cognitive, and class
procedures. The items pertaining to these respective dimensions are 1-16,
17-36, and 37-50.

See Appendix for sample.
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mean score for eacn e ut a; ic cqn c,..wie from 1.0 to 5.0

where 1.0 ndi cate'; an undu',irec. iRA rer.r)n Wid 3.0 indicates a desired
response.. Al mean sk..ure of grcter Irian 3.5 indicates that a majority chose
the desired response.

The test-retest rqiiubi'iti k, tor ViLv.s and Preferences and was

found to be 0.80.

The items ; ,rA ; v cL.. . taff and consultants,
and k,ere judged to neusi.rQ ,;spects of the IRA program.

A further description of this rrocess is provided in the Seymour and Bingman
paper.
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Extensive field testing was used in developing the 25 items. Interviews

with students were conducted and revisions were made to ascertain if the
words used were understood and if statements were appropriately interpreted.
Grade six was determined to be the lowest grade level at which students
could understand the items and make the judgments called for. In addition
to field testing with children, the cognitive items were'classified by
judges familiar with Bloom's taxonomy to determine whether the items were
seen as appropriate for the intended taxonomic categories.

The teacher would be a poor source from which to obtain information about
the actual emphases occurring in the classroom. However, the teacher is the
most direct source from which to obtain data,on what is intended to be
emphasized. It is for this purpose that the teacher is asked to respond
to the CAQ. The teacher reports his intended emphasis and also predicts
what the students as a group will say. The teacher can then compare these
responses with the actual emphasis perceived by students. Students are in
a much better position to report on the emphasis actually given to various
class activities. Moreover, the nature of the instructional climate depends
in part on the way it is perceived by the students themselves. Not every
student is an accurate observer, however, it is the consensus of student
judgments that is of concern. A system of consensus scoring, rather than
simple mean or median scores, is used.

The Horst formula was used by Steele for estimating reliability from the
within class and between class variances was used. The reliability estimates
for each of the four major dimensions as well us for each of the 16 individual
factors were obtained. Fourteen of the 20 correlations are above .80 with
only one falling below .65. A pilot study has been conducted to explore the
stability of response over time. The test-retest reliability coefficients
for each of the four dimensions are .67, .91, .59, and .89, respectively.

The CAQ instrument was developed and used on the basis of a logical design.
To ascertain the degree to which the data supported this structure, a
principal component analysis of items 1 through 23 was conducted. The
statistical components provide substantial support for the logical construction
of the instrument.

Side two of the CAQ has three questions:

28 - "List the three best things about this class from ycur point
of view."

29 - "If you could change three things about the class, whit would
they be?"

30 - COMMENTS: If you have any comments, please write them below.

Students responded to these questions at the end of Theme I and at the end
of the school year. These responses were categorized and are reported in
Data Analysis section of this report.
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Comprehensive Final Examination (CFE)*

The CFE5 is, as its title states, designed as a comprehensive examination
of the achievement in biology attained by students in a first-year secondary

level biology class. Specifically the instrument has been designed for

the BSCS courses using any of the three BSCS textbooks; however, it is

seen as applicable to other modern biology curricula as well. Two equivalent

forms, J and K, have been developed.

Validit : The validity of the CFF has been primarily determined by the
judgment of subject matter specialists and the supervisors of the writing
teams for the three BSCS texts. In this manner the instrument has been
judged to be valid in terms of covering the content of the three texts.
In addition, validity was studied by determining the correlation between
student scores on the CFE and on each of the four Quarterly Achievement
Tests designed to accompany the three text versions. The coefficients of.

correlation range from .63 to .82.

Reliability: Both internal consistency of each form and Lorrelation
between forms have been studied. Using the Kuder-Richardson 20 procedure
with a sample of 74(' cases, coefficients of internal consistency ranging
from .76 tos.86 were found, with a median coefficient of .82 for Form J
and a median coefficient of .84 for Form K. Coefficients of correlation
for scores obtained on Form J 'and Form K have been found to range from
.72 to .85 with a median coefficient of .79 (N = 2500).

Norms: In addition to validity and reliability studies, data from a
national sample of 11,092 students, taking both forms of the test, have
been'used to establish norms or .percentile rankings equivalent to each
raw score passible. These are very useful to teachers in evaluating

student pertormance. A raw score of 27 or 28 places a student at the
50th percentile in the norm population. It should be noted that the mean
DAT-Verbal Reasoning + Numerical Ability composite score for the CFE norm
population was at the 70th percentile.

Biology Student Behavior Inventory (BSBI)*

The BSBI6 is a 39-item instrument assigned to measure the frequency of
occurence of specific student behaviors indicative of four attitudes
considered necessary for cognitive inquiry -- curiosity, openness, satisfaction
and responsibility. The student is presented with a situation and a selection
of possible behaviors or actions that could be taken in that situation. The

student indicates what he would do in this situation by selecting one
behavior. The preferred responses (which receive a score) are behaviors
indicative of one of the four attitudes given above. Four sub-scores or

sub-scales are therefore determined, 11 of the items are used to determine
the curiosity subscore; 17 are used for the openness subscore; 7 for the
satisfaction subscore; and 4 for the responsibility subscore.

* See Appendix for sample.
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Validity: Validity has been studied in three ways--by a panel of nine
judges; by correlation of student item scores with student subscore
scores (this was used primarily to confirm categorization when judges did
not show a high percentage of agreement); and by correlations with a
second instrument (Observational Record of Affective Behaviors ORAB) which
measured the same attitudes u 1 z ng fewer 'e aviors an an observational
approach.

The judges' agreement has been reported as the percent agreeing with the
test author. In keying the BSBI items to. one of the four attitudes, 67
percent agreement or higher was found for 33 of the 39 items; average percent
agreement for all 39 items was 83 percent.

To confirm the.judges' findings and in particular to evaluate the categorization
of the six items which showed low (below 67 percent) percentages of agreement,
a Pearson product-moment correlation coefficient was determined for each item.
Student item scores were correlated with each of the foUr student sub :.cale
scores. This process confirmed the validity of the previous categorization
of items.

Finally Pearson coefficients were found for student scores on three sub-scales
of the BSBI (curiosity, openness and responsibility) and total BSBI score
(using only three sub-scales) correlated with the same three subscores on
the ORAB and the total ORAB score. The curiosity subssales,had a correlation
coefficient of -.45; the openness subscales, ¶88; the responsibility subscales,
.75; the total scores, .83 (for significance at the .05 leve1;.r r. .75).
The low curiosity subscale correlation appeared to be due to the fact that the
ORAB measured primarily only one behavior indirating curiosity while ti.e BSBI
measured five behaviors; thus the two instruments were not measuring the
same behaviors and low correlation could be expedted. It should also be
noted that the ORAB contained a non-inquiry subscale; this subscale
showed negative correlation with each BSBI subscale and the BSBI total score.

Reliability: An estimate of the reliability of each subscale was determined
using a split-half technique. Pearson productviament coefficients of correlation
were found and adjusted using the Spearman-Brown formula (Guilford. J.P.,
Fundamental Statistics in Psychology and Education. N.Y.: McGraw-Hill Book
67,-1965. p. 457).

With a student N of 1153, the following values were computed: curiosity,
r = .67; openness, r = .68; satisfaction, r = .71; responsibility, r = .37;
for significance at the .01 level, r z. .07. With a class N 0- 43, the
following values were computed: curiosity, r = .78; openness, r = .68;
satisfaction, r = .86; responsibility, r = .51; for significance at the .01
level, r > .37. A Cronbach alpha was also computed to determine ,internal
consistency for each subscale. The alpha values: curiosity,c4= .65;
openness,0(= .71; satisfaction, 'C= .66; responsibility,c<= .43 (N = 1153).
BSBI A, B, ;, D, and total had Cronbach alpha values of 0.55, 0.78,
0.68, 0.37, ano 0.84 respectively. The sample was the experimental
group.

411

BSBI was used to measure curiosity, openness, satisfaction, and
responsibility.
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Explorations in Biology. (EIB) 1 and 2*

The EIB series is a set of eight sidiulated problem7solving instruments
designed to measure cognitive inquiry skills. These instruments have been
developed in the period of 1969-72 as a component of the Development of
Inquiry Skills Program of MOREL. The instruments are designed to measure
the following inquiry skills:

14 Inquiry Objectives -

1. Identifying a phenomenon to investigate.

2. Identifying .the question arising from the identification of this
phenomenon.

3a. From a list of readings, selecting and evaluating reports possibly
yielding useful information about the event noted. (Explorations
2, 3, 4, 5, and 6)**

3b. From relevant readings on the problem presented:decide if given
hypotheses are tenable. (Explorations 1, 7, and 8)**

4. Differentiating lfkely causes of this event from Un:likely cause?.

5. Selecting a single hypothesis to investigate.

6. Selecting an array of methods appropriate to the investigation.

7. Identifying the independent variable to be studied.

8. Identifying conditions required for conducting a laboratory study on
this topic.

9. Choosing a plan which would yield data affording a test of the hypothe,i:,

10. Identifying assumptions necessary for interpretation of data resulting
from carrying out the plan.

11. Identifying the data which would result from carrying out this plan.

12. Identifying justifiable conclusions from data associated with a class
experiment on this topic.

13. From a heterogeneous list of questions, identifying new questions which
might arise as a result of carrying out this investigation.

14. Integrating results'of this study with those reported by other
investigators in related areas.

* See Appendix for sample.

** EIB's 1 through 6 were dqveloped to measure the above set of Objectives
including 3a but not 3b.' The format for EIB's 7 and 8 was slightly
-Hangeci from an 6W1-7w format used for EIB's 1 thru 6. With this new
format, Objective 3b was substituted for 3a. In 1972 EIB 1 was revised
into the new format; minor changes in EIB 2 resulted in use of both
Objectives 3a and 3b for this instrument.
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In the 1972-73 field test, EIB 1 was used as the pre and posttesting
instrument for assessing cognitive inquiry skill student outcomes and pre-

to-post gain. EIB 2 was used to assess interim inquiry skill development,
given as part of Theme I Assessment in Activity 121.

Validity -,,Objectivek were selected for the EIB's based on studies by

Burmester,9 Kaplan," Suchman," and Taba.'2 With the completion of the
detailed McREL-BSCS set of inquiry objectives," studies were made to learn
the extent to which EIB items would be referenced to similar objectives
listen in the Inquiry Objectives in the Teaching of Biology document.
These studies were previously reported by Koos.'4

Changes in the Explorations in Biology since these studies were undertaken
have been primarily format changes and changes in wording to clarify directions
and meaning. However, the inquiry objective cootent validity was reviewed
in the summer of 1972 by two McREL staff members and a teacher-consultant.

Workilig independently each judge keyed the test items using: the 14 EIB

objectives, a category for items in which sequence of test steps were chosen,
and a category for items not related to any of the objectives or step
choice. Disagreements were found for less than 15 percent of the items. In

most cases, disagreements resulted from misreading, or misinterpreting, the
test items or directions. Tn all cases, disagreements were discussed and
concensus reached for keying the item. In addition, the EIB objectives
were categorized by the judges as related to six major areas of cognitive
inquiry behaviors. The following table presents the categorization of the
objectives and the items in EIB 1 and 2 keyed to each objective:

EIB 1 & EIB 2 ITEMS KEYED TO
INT'IRY OBJECTIVES

ITEMS ON
EIB 1-A

ITEMS ON
EIB 1-B

ITEMS ON
EIB 2-A

ITEMS ON
EIB 2-B

AREA I - Formulating
a Problem

Objective 1 1 80

Objective 2 50. 50

AREA II - Searching
for Information

Objective 3a 6-15

AREA III - Formulating
Hypotheses

Objective 3b 8-17 26-35
Objective 4 51-60 51-70
CNectIve 5 48,49 48,49

AREA IV - Designing an
Experimental Study

'Objective 6 36-45 36-45
Objective 7 1 1

Objective 8 2-6 2-6

Objective 9 46,47 17,43-47 46.47 17.43-47
AREA V - Interpreting
the Data or Findings

Objective 10_ 7-16 7-16
Objective llf 18-42*

48-5/
18-42*
48-57
58-67Ob'ective 12 58-67

AREA VI - Applying and
Synthesizing Knowledge

Ob ective 13 68-77 68-78

Objective 14 78 79

Step choice items (not scored) 2-7 1-5

Students choose one set of 5 items to respond to in the 18-42 group.

Based on this categorization and assignment of test items to objectives,
sub-scores for each of the six inquiry areas can also be determined in
scoring the EIB's.
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Construct validation studiis have been made to compare EIB 1 with BSCS
Comprehensive Final Examination,'5 Differential Aptityde Test - Verbal`
Reasoning & kmerical Ability and Abstractjeasoning,16 California basic
SkilTs Test, Iowa Tests of Basic-Rills,10 Scholasticjiigh School Placement
IWETrrirTaWatson-Glaser Critical Thinking Appraisa1.4u A Pearson product-
moment correlation of .63 was found between En 1 and the DA1-Verbal &
Numerical scores. Minimal correlations have been found between EIB 1 and

DAT-Abstract Reasoning and Watson-Glaser Critical Thinking. 41 Other
correlations were found to be very low. "...construct validity is offered
for those EIB 1 items which tap cognitive operations involving verbal
formulation of biological problems, verbal interpretation of non-verbal
data, and analysis of quantitative information presented in tabular or
graphic form. This suggests that the intellectual factors of verbal
reasoning and numerical ability are factors basic to successful inquiry. 1122

Reliability - The developmental 1969 version of EIB 1 was shown to lave a
coefficient of internal consistency (Kuder Richardson 20 procedure) of

.96 when tested with a heterogeneous group of WI students; .74 when tested
with a More homogeneous group of 150 students.44

The later 1970 versions of EIB 1 and 2 were tested on several occasions in
the spring of 1970 and in the 1970-712chool year. Coefficients of
internal consistency (Cronbach alpha) ranging from .40 to .86 and

averaging .73 were found for EIB 1; coegficients ranging from .75 to .99
and averaging .87 were found for EIB 2.

While reliability was adequately demonstrated by these analyses, the EIB 1
format was revised during the summer of 1972.27 Major changes involved
the items keyed to Objectives 3a and 3b. Objective 3b was substituted for
3a, and related items were revised or replaced. This change was made to
insure that all students were provided the same background information on
the topic; formerly, readings from related science literature were
optional. In addition, the items keyed to Objective 4 were reduced from
20 to 10. Some item numbering changes in Part A were also made. In order
to establish the degree of reliability of the 1972 revised instrument,
coefficients of internal consistency (Cronbach alpha) were determined for
the total scores and part scores I, III, IV, V and VI of EIB 1 using the
posttesting data from the IRA field test students. These coefficients are
presented in the following table.

r

COEFFICIENT OF
INTERNAL CONSISTENCY

EIB-1, Part I -.2385 1,005

EIB -1 , Part III 0.6157 1,005

EIB-1, Part IV 0.8327 1,005

EIB-1, Part V 0.8549 1,005

EIB-1 , Part VI 0.8807 *-1,005

EIB -1 , Total score 0.8690 -1,005

It should be noted that the scoring keys for EIB 1 and 2 were revised during
1972. Previous scoring keys had been devised by the test autnor and had
not been reviewed by others. In discussing aspects of the 1972 revision of
EIB 1, it was found that IRA staff members disagreed with the suggested



TO!Al

51

scoring of some items. A more thorough revie, was planned with five McREL
,;taff members acting as judges. New scoring keys, reflecting consensus
among the five judges, were developed,. The degree of difference between
the original author's key and the revised key can be determined from the
following table.

COMPARISON OF EIB-1 and EIB-2 SCORING ON ORIGINAL AND REVISED SCORING KEYS.
.

i

.TOTAL
::SSIBLE

RESPONSES1

/4/1.
SCORED
RESPONSES,
ORIGINAL
KEY

SCORED
*RESPONSES

UNCHANGED

aingarwm.
SCORED
RESPONSES,
SCORING
DELETED

UNSCORED
RESPONSES
UNCHANGED

UNSCORED
RESPONSES,
SCORING
ADDED

PERCENT
AGREEMENT

3 * 5 ,,,,,
= --T-- x 'L)

-1
15P

220

175

222

51

.

82

66

65

34

76

42

58

17

6

24

7

94

128

89

135

13

10

14

22

34+94
1

x 100 = 81 0%
-17T-

72206+128 x 100 = 92.7%

42+89 x 100 = 74.91...

--T7s-

58Z22+135 x 100 = 86.9%
.

775

_i_____:____-

264
.

210 44
.

446 59 10+446 x 100 = 84.6%

All optional *items included.

The author's key had used a "weighted" scoriog system. Scored responses

could be awarded either 2 or 1 point. Criteria for weighting the value
of responses appeared to include difficulty of the item, degree of accuracy
of response (when more than one response to an item was scored) ,and whether
the response was negative rather than positive (the author felt a negative
response to an item was psychologically more difficult to make).

The panel of judges felt that these criteria were nol, consistently applied.
The author has not specified a systematic approach for assigning weighted
e,cores. The judges, therefore, decided to delete weighting of scores as
71:ch as possible--weighted scores -!re used in the rewied key only for
cbtional sections when necessary to maintain equal chance scores for each
cation presented.

111 EIB 1 data in this report ,Ailizes the revised kw, LIB 2 was scored

by teachers at the end of Theme 1. Theme I materidle, locluded the original
5ccring key for teachers' use. Souk teacder,. had complQted Theme I before

tis error had been noted and rewked scorin. key weri ,upplied.

'"ximum and chance score-. for LIB I and 2, pars each are
0,Fven in the following table.
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ORIGINAL
' AUTHOR KEY

REVISED
PANEL KEY

EIB-1 EIB-2 EIB-1 EIB-2

MAXIMUM CHANCE MAXIMUM NANCE MAXIMUM CHANCE MAXIMUM CHANCE
SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE

1v

Part I 4 1.20 2 1.60 2 .40 1 .20

Part II 0 .00 7 3.60 0 .00 4 2.00
Part III 41 14.08 46 21.42 22 7.07 26 11.36
Part IV -45 17.15 42 13.80 24 11.30 24 10.97

Part V 60 27.00 42 18.00 40' 17.50 35 16.25
Part VI 21 10.10 18 8.60 10 4.70 12 5.90

TOTAL 171 69.53 1 157 67.02 98 40.97 102 46.68

Social Skills Checklist*

This instrument is designed to measure student performance of social skills
in the areas of communication, coordination, and role performance. The
instrument is completed individually and by teams, and this composite
rating becomes the assessment of social skills for each student. About
55 minutes are required to administer this 55-point checklist. A copy is

found in the appendix of this'report. The checklist was developed by
McREL staff with assistance from two experienced IRA teachers ,who had
given it prior testing. The experienced !RA teachers confirmed that these
were the salice elements of the domain termed social skills. To determine
reliability of the checklist further study should be considered.

Attitude Checklist*

Chapter 5 of Inquiry Objectives in the Teaching of Biology (IOTB)28 provided
the theoretical foundation for this checklist. :cores of objectives in the
area of affective or attitudinal qualities of inquiry behaviors are delineated.
The attitudes selected for inclusion were:

-A willingness to participate .in inquiry activities.
- A willingness to assume responsibility in inquiry activities.
-A willingness to cooperate with other student to complete an
inquiry activity.

-A willingness to change ideas and evidence when it is necessary.
-A willingness to admit his mistakes.
- A willingness to look for additional data and evidence.
-A concern for issues in the public domain.

Team and individual completion of this 65-point instrument takes approximately
50 minutes. The 13-item instrument is found in the appendix of this report.
The items and objectives were chosen by five McREL members and two experienced
IRA teachers to be the ones emphasized in Theme I, and the more predominant
ones in these early (first semester) activities. Further study of the
reliability of each item is in order. Most of these items have been previously
used in other forms, and the data supports the consistent response on the part
of students.

* See Appendix for sample.
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This 72-item, multiple choice test was developed from Resource Book of
for Biolo ical Science 2nd edition,

BSCS,EducationalPrograms ImprovemenTTffe items selected are
given in Section 121-2 of Theme I. Items were selected for text chapters
1-7, 12, 18, and 36-38. Information and definition type items were 34.7
percent of the total while 65.3 percent of the items were categorized as
application and inquiry processes items. Validity and reliability were not
reported by the developers.

The items selected were judged by three program development specialists, one
research and evaluation specialist, and tic) experienced IRA teachers to
measure validly the biology content of Theme I.

Understanding Role Responsibilities*

This 20-item, 4-choice multiple choice instrument (Section 121-3 of Theme I)
'was developed over a three year period to measure students' ability to
properly identify which role was responsible for a particular statement
given. Revisions have occurred over the years to keep the items consistent
with the development of instructional materials on roles. Development has
also continued because of the responses by teachers to the wording of various
statements.

Validity was established by the professional judgment of McREL staff. These
judgments were supported by discussing the meaning of items with teachers
participating in IRA development and their students. Experienced IRA teachers
note that students score higher on the instrument after repeated instruction
on role responsibilities.

Even though validity and reliability can not be substantiated with complete
evidence, a report of the development of this instrument is in order.

In the 1970-71 IRA materials the instrument used to measure role understanding
was Differentiation Between Roles-35c, a twenty item lAstryment. The validity
of the items was judged by interviewing and observing tedthers and students
(reported in "Summary of Evaluation Meeting," January 20, 1971, John Anderson,
Richard Bingman, and Charles Dowler). This instrument was revised and designated
Form 35d; Form 35d included 13 items identical to items in 35c and seven
modified items (described in Report on AY '70-'71 Evaluation and Revision of
IRA Component of DIS). A test-retest reliability study of the-13 identical
items fripm Form 35c and Form 35d indicated a rank correlation coefficient
(Spearman) significantly difFerent from zero at the 0.01 level. The items
were very stable in this test-retest situation. The percent correct deviations
ranged from 10.6 to 1.5. Ten of 13 scores deviated no more than 5.1 percent.
These statements are based on an N of 6 teachers and 580 students (also
described in the '70-'71 evaluation report).

During 1971-72 the instrument was Changed from a 20-item to a 33-item
instrument and was termed Assessment of Role Functions-Form 21. (Form 21

was used with IRA materials keyed to the BSCS Bfue Version textbook; the

* See Appendix for sample.
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same instrument was designated Form 26 in the materials keyed to the BSCS
Green Version textbook.) The longer instrument was found to be less useful
due to its length and an unequal distribution of items related to each of the
four roles used in the small groups. Further, it was found that some of the
items were ambiguous and could be attributed to more than one role, In

revising this instrument for the 1972-73 field test, the professional
judgment of three program development specialists, one research and evaluation
specialist, and two experienced IRA teachers was combined to select the 20
items (five for each role) which were most obviously characteristic and
exclusive to a role. The revised form was designated Understanding Role
Responsibilities 121-3.

Form 35d is very similar to Section 121-3. Seventeen of 20 items (including
the 13 studied for reliability in 1971) are identical except for the absence
of quotation marks on Section 121-3. The difference between the two forms

is in the wording of three items, the descripi.iun preceeding the items, and
the manner in which answers are indicated. me last two differences are
very minor as one could note by reading the two forms. The three items

that are different are shown below. The minor chcoges were made because

of changes in the instructional materials.

Form 35d-Item 6:
Do the rest of you agree with the summary of the Main Idea?"

Section 121-3-Item 6:
"Do the rest of you agree with the summary of the generalization?"

Form 35d-Item 12:
"The main idea in this statement deals with the way group members
respect each other."

Section 121-3-Item 12:
Team is substituted for the word group.

Form 35d-Item 10:
"How is our Main Idea related to the Search for Overall Idea?"

Section 121-3-Item 10:

is our generalization related to the problem?"

Differential Aptitude Test (DAT)*

The DAT29 is a battery of instruments designed to measure student aptitude
in eight areas. Two of the eight instruments -- Verbal Reasoning and
Numerical Ability -- are often used together as a measure of aeneral
learning ability (DAT manual, p. 1-7). Only these two instruments of the
DAT battery have been used in the field test. These were administered in
the fall of the Year to establish a base for comparison made between groups
in the field test and for comparing the field test group as a total with
outside ponulations.

* See Appendix for sample.



55

Validity: A large number of studies have been preformed relating course

grades for various subjects to DAT scores. It is adequate for our purposes

to note that of the coefficients of correlation computed for science grades
compared to the nine DAT scores"(8 instruments and the Verbal Reasoning +
Numerical Reasoning composite score), the highest coefficients were found
for Verbal Reasoning (.45), Numerical Ability (.44) and the VR+NA composite
(.52).

Validation by a 3-1/2 year longitudinal study has also been performed. Thi's

study indicated that DAT scores remain predictive of student performance,
over a long range. For example, DAT VR and NA scores from students 8th
grade (mid-year) correlated'well with general scienCe grades achieved at
end of 8th grade (VR - science grades, r = .64; NA - science grades, r = .59);
these 8th grade DAT scores still correlated well with science (physics)
grades achieved at end of 11th grade (VR - physics grades, r = .59;
NA - physici grades, r = .60).

A most important means of validating the ,DAT is in appraising its predictive
ability of student results on achievement tests. Some examples of the
coefficients of correlation found between DAT-VR, DAT-NA and DAT-VR+NA scores
and various achievement tests are given in the following table:

TEST COEFFICIENTS OF CO RRELATION

BOYS GIRLS
N VR NA VR +NA

r
N R NA VR+NA

I owa Test of basic
Skills - Form 1 -

Reading Comprehension 1 25 .62 .61 .69 117 .68 .61 .73

Arithmetic Total 125 .71 .69 .80 117 .63 .75 .76

Iowa Tests of Educational
Development - Form Y4-FL

Composite 93 .91 .85 .92 79 .89 .76 .89

Stanford Achievement
Test - Form KM,
Intermediate Level -
Battary Median 74 .84 .84 .91 71 .82 .90 .92

In general , the DAT scores have shown high correlations with achievement tests
measuring comparable skills and knowledge.
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Reliability: Reliability was studied using the split half technique with
the computed correlation coefficients corrected by the Spearman-Brown
formula. The VR, NA, and VR+NA coefficients (given separately for form L
and M, for boys and girls, and for each grade 8 through 12) range from
.83 to .96. The tenth grade values for Form L are: for bop., Verbal
Reasoning, r = .93, Numerical Ability, r = .91, VR+NA, r = .95; for
girls, Verbal Reasoning, r = .94, Numerical Ability, r = .91, VR+NA,
r = .96.

The long term consistency of measurement by the DAT was studied by determining
the correlation between 9th grade scores and 12th grade scores for the same
set of students studied over the three year period. Verbal Reasoning
coefficients of correlation were .87 for boys (N = 71) and .82 for girls
(N = 90); Numerical Ability coefficients for these same groups were .75
for boys, .74 for girls. This study utilized DAT - form A.

Norms: Data from national samples of students have been used to establish
percentile norms for the DAT. Separate percentile norms tables are given
for each form of the test (L and M), for boys and girls, for Fall (first
semester) and Spring (second semester) administration, and for each grade
8 through 12. Samples for each table range from N = 1900 to N = 3100.

Correlation to other tests: The DAT correlates well with most standard
intelligence tests. Some examples of the coefficients of correlation found
between DAT-VR, DAT-NA and DAT-VR+NA scores and various intelligence tests
are given in the following table:

TEST COEFFICIENTS OF CORRELATION

BOYS GIRLS
VR NA VR+NA N VR NA NR+NA

Lorge-Thorndike
intelligence tests
(Form A, Level 4) -

taken in 11th grade,

Verbal

Non-Verbal

School and College
Ability Tests (Form 2A)

Verbs I

Quantitative

Total

58

58

71

71

71

.70 .60 .72

.61 .57 .64

.82 .57 .78

.67 .83 .81

.85 .79 .90

59

59

.85 .78 .86

.72 .69 .74

59 .83 .64 .80

59 .77 .82 .85

59 .87 .77 .89
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DATA ANALYSIS AND INTERPRETATION

Data Processing

The general sequence of data processing was as follows:

1. Distribution of measuring instruments and instructions to field test
participant teachers.

2. Administration of instruments by teachers.

3. Collection of data by McREL.

4. Scanning or key punching data onto cards.

5. Scoring of instruments.

6. Analysis of scores per various groups of subjects.

This basic sequence was repeated three times during the field test to
obtain pretest data, interim data after Theme I and posttest data. A

brief description of data collected and the approximate times these
data were collected are indicate, in Chart A.

111
The statistical processing of data collected during the field test was
performed on computers located at the University of Missouri-Columbia
(IBM 370/165) and at the University of Kansas (Honeywell 635). For

information concerning the particular programs used for the different
analyses performed, see Table A. In a few instances, post hoc analyses
were computed on desk calcu)ators. All analyses w'Ae performed using
the student as the sampling unit.



CHART A: Data Collection for IRA Field Test 1972-73

Survey of potential
participants
(March-June, 1972)
(Survey Form)

Selection & training
of participants
(T2's and T3's)
(July-August, 1972)
(Logs & correspondence)

61

Special training
of T3's by T2's
(August, 1972-
June, 1973)
(Logs & corres-
pondence)

Pretesting
DAT-V&N*
CFE-J* & BSBI *.

(group 1)
EIB-1 (group 2)*
(September, 1973)

End of Theme I
testing:
CAQ & V&P-C,
Form 214, BC,
SSC, AC, URR,
EIB-2
(November, 19727
May, 1973)

End of Theme II
testing:
CAQ & V&P-C,
Form 214, BC,
SSC, AC, EIB
(May, 1973)
(optional)

J
Posttesting
CFE-K* & BSBI*

(groups 1 & 2)

EIB (groups 1 & 2)*
V &P -C, CAQ

(May-June, 1973)

8. Teachers' Log
submitted after
each activity
.(September, 1972 -

June, 1973)

DAT-V&N = Differential Aptitude Test - Verbal and Numeric
CFE-J&K = Comprehensive Final Examination - Forms J & K
BSBI = Biology Student Behavior Inventory
EIB-1 & 2 = Explorations in Biology - lA & 1B, and 2A & 2B
CAQ = Class Activities Questionnaire
V&P-C = Views CPreferences - Form C
BC = Biology Content
SSC = Social Skills Checklist
AC = Attitude Checklist
URR = Understanding Role Responsibilities

* Control teachers within the field test design were administered these tests.
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TABLE A: Listing of CoMputer Programs
Used for Data Analyses

mw-

This PROGRAM was used to obtain this ANALYSIS to support this HYPOTHESIS.*

DATSCOR
BSBSCOR
EIBSCOR
PARTPUN
SORT.(U)
CONDENS
ANOVAR

MISDATA
BM004V

SFA41D
TESTAT

ANOVAR1

VAPSCOR

SUMCTAB

SCORED
OUTPUT

Repeated measures
analysis of variance

Analysis of Variance
Analysis of Covariance
and Newman-Keuls Post
Hoc analysis

Correlations
ITEM Analysis

Analysis of variance
and NewmanKeuls
A Posteriori analysis

Mean, Criterion level
classification

Descriptive statistics

3A; Supplementary
Hypothesis 2

3A; Pre-sensitization

4A; 4B
2

Reliability data
for EIB & BSBI

6

lA

5

)*NOTE: Hypotheses numbers will be revised after whole DATA section is complete;
supplementary/EX POST FACTO hypotheses do not now have an identifiable
no./title.

.11



Objective 1

Objective 1A: To describe how the program was implemented following
each type of teacher training.

Hypothesis 1A: None; this is a descriptive objective.

Objective 1B:

Hypothesis 1B:

63

To determine whether there is a significant difference
in the degree of implementation between groups of teachers
receiving different types of training.

There will be no significant difference between mean
implementation ranks (ranking based on the.four variables
used to describe adequacy of implementation) for teachers
receiving different types of training..

Data Analyses Results: The data related to.the adequacy of implementation
are iOn in Ta e . The definitions for type of teacher training and
extent of implementation are delineated in the sectior, of this report
entitled, OBJECTIVES & NULL HYPOTHESES.

TABLE 1-1: The Ad-nuacy of Implementation of IRA
Classes According to Types of Training

TEACHER
NO.

TYPE OF
TkAINING

PERCENT OF
ACTIVITIES
COMPLETED
BY THEME
I II III

PERCENT
OF STUDENTS
REACHING
CRITERIA ON
ACTIVITIES
COMPLETED

EXTENT
IMPLEMENTATION

(V&P-t4**
MEAN SCORE

OF

(CAQ) **

# OF CATEGORIES
EMPHASIZED***

ADEQUACY
IMPLEMENTATION
VA,A,IA

OF

RANK*

1,2,3,5,6,7
20 la 100 92.8 11 81.8 (19)4 3.96 6,9 (8) VA 9.5

1,2,1,4,
30 la 100 85.7 11 77.2 (22) 3.83 5,6,7 (7) VA 7

1,2,5
40 la 94.4 92.8 44.4 73.0 (28) 3.67 7, (4) A 4

01 lb 95.4 0 11 68.5 (16) 3.58 (Not Available) IA 1

1,2,
02 lb 68.2 57.1 11 74.7 (10) 3.69 6,7,8,9 (6) A 3

1,2,3,4,5
03 lb 100 100 100 74.0 (33) 3,80 6,7,9 (8) VA 8

04 1') 100 92.8 44.4 81.2 (33) 4.08 (Not Available) VA 11
1,2,6,

21 ,2 100 92.8 11 78.5 (19) 3.66 7,8 (5) A 5
1,2,3,4,5,6

22 2 100 92.8 11 83.1 (22) 3.80 1,8,9 0) VA 9.5

31 2 100 85.7 11 84.2 (22) 3.65 ((Not Available) A 6
1,1,3,4,

10-14 3 77.3_85.7 11 76,1 (12) 3.60 6,7 (6) A 2
* ThP number of activities for which oercent of students rpachinn rritariA WAG

* *
revrtec' is noted in parentheses.
End of Theme I data only used for teachers 20, 01, 03, 22; end of Theme II dat- myused for teachers 04, 21; average of Theme I and Theme II data used for remainihyteachers.

***A-application, 2-analysis, 3-synthesis, 4-evaluation, 5-discussion, 6-independence,
7-divergence,-8-ideas valued over grades and 9-enjoyment of ideas; all data fromend of Theme II.

**** Rank 1 =.lowest implementation; Rank 11 = highest implementation.

* *
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Table 1-1 shows that 10 of 11 teachers (or groups of teachers) implemented
the program adequately or very adequately--5 were adequate; 5 were very
adequate. Only one teacher implemented the program inadequately.

In order to test hypothesis 1B, a method of assigning an implementation
rank was developed. The eleven teachers (or cher group) were ranked
on each of the four variables used to describe 14equacy of implementation
(percent activities completed; percent students .,..aching criteria; V&P-C
mean score; number of cAg categories emphasized). n teacher's mean
rank was calculated, and a final implementation rank was assigned based
on the mean rank. This implementation rank is given for each teacher
(or teacher group) in the last column of Table 1-1. A rank of 1 = lowest
implementation; a rank of 11 = highest implementation.

Mean implementation ranks were calculated for each group of teachers.
(grouping based on type of training). The ranks of the various teachers
(or teacher groups) with respect to extent of implementation are recorded
in the last column of Table 1--a rank of 1 =,lowest implementation; a rank
of 11 = highest implementation.

Teachers in Group la, who were trained by McREL and also trained other
teachers'in their districts, had a mean rank of 6.83. Teachers in Group
lb, who were trained by McREL but did not train other teachers, lad a mean
rank of 5.75. Teachers in Group 2, those trained by Group la aboe, had
a mean rank of 6.83. A team teaching group, Group 3, with a team leader
who was trained by McREL, had a mean rank of 2.00.

Kruskal and Wallisl provided a formula for determining the significance
of ranked differences. The formula is:

H
12

1)

R2n - (N + 1)
+

Substituting the data:

H = 5.86 -

With 3 degrees of freedom this value is not significant at the .05 level.

Interpretation: The lack of statistically significant ranking differences
between groups of teachers receiving different types of training, suggests
that the various types of training do not result in different extents
of IRA program implementation. The data also suggests that teachers
(group 2) trained and supervised by a McREL trained teacher-supervisor
(group la) will not implement the IRA program significantly better than
the person who trained them.

In summary, the IRA program was implemented by 14 of 15 teachers in at
least an adequate manner. There were no 'significant differences between
types of training with respect to extent of implementation.
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Objective 2

Objective 2 - To deterMine whether there is a relationship between the degree
of implementation of the IRA program and student outcomes for
biology content achievement, cognitive inquiry skill development,
and development of affective qualities of '

Hypothesis 2 - There is no significant relationship bet aen the three degrees
of implementation of the IRA program--very adequate, adequate
and inadequate implementation--and the following student
outcomes:

1. Comprehensive biology achievement--as measured by the
Comprehensive Final Examination-Forms J & K (CFE).

2. Cognitive inquiry skill development--as measured by the
Explorations in Biology - Topic 1 (EIB-1). .

A. Formulate a problem
B. Formulate a hypothesis
C. Design a study
D. Interpret data or findings
E. Synthesize knowledge gained from the investigation.

3. Affective qualities of inquiry development--as measured .

by the Biology Student Behavior Inventory (BSBI). Both
the total score and the following sub-scores will be used:

A. Curiosity
B. Openness
C. Satisfaction
D. Responsibility

Data Analyses/Results: In order to determine if there were any significant
correlations, correlation coefficients were computed between each measureof student outcome and the type of implementation. Student outcome
data from all 11 teachers (or teacher groups) given in Table 1-1 wereused in this analysis. The type of implementation was determined by
the criteria listed for Objective 1. The results of these computations
are presented in Table 2-1. Note that EIB-subscale I, formulating problems,
was not included since this subscale tad previously been shown to be unreliable(see MEASURING INSTRUMENTS section, di ussion of EIB-Topic 1 Reliability).



TABLE 2-1: CorrelaCnns Between Type of Implementation
and Student uutcome Variables

Variable

EIB III Formulate Hypotheses .052 840

EIB IV Design a Study .117** 703
EIB V Interpret Data .206** 836

EIB VI Synthesize Kmmledge .120** 814

EIB Total Score .168 ** 703

BSBI A Curiosity .101* 593

BSBI B Openness .201** 593

BSBI C Satisfaction .160** 593

BSBI 0 Responsibility . .203** 593

BSBI Total Score .227** 593

CFE .129** 804

Significant at the .1 eve

**Significant at the .01 level

Nine of the correlations are significantly different from zero correlation
at the .01 level of significance, and one of them is significant at the

.05 level. Although ten of the correlations are significantly different
from zero, the correlations are relatively small. Coefficients of
determination were calculated for each of the significant correlations
as a basis for interpreting the extent to which student outcomes are
determined by implementation. These Coefficients of Determination ranged
from .0102 (for curiosity) to .052 (for BSBI total score).

Interpretation: The Coefficients of Determination for the significant
correlations indicate that at best 5.2 percent of student outcomes are
determined by the type of implementation--very adequate, adequate, or
inadequate. Thus, for practical purposes, type of implementation does
not seem to be substantially related to any of the student outcome

variables.

It should be noted that while a meaningful linear relationship between

degrees of implementation and sc'''ent outcomes is not substantiated by
these results, there is a significant difference between (a majority of)

student outcomes in inadequately implemented classes compared to outcomes

in adequately and very adequately implemented classes (discussed in analysis

and interpretation section for Objective 4A). The non-meaningful (though
statistically significant) relationship demonstrated here apparently can
be attributed to the lack of significant differences in student outcome

variables between adequately and very adequately implemented classes.

66
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Objective 3A

Objective To determine whether IRA students, in classes where the
program was at least adequately implemented, will show
significant increves in biology content, cognitive inquiry
skills and affective qualities of inquiry from the beginning
of the school year tr:

. Lnd.

Hypothesis 3A: There is no significant gain from pre- to posttesting
0 in biology content knowledge, cognitive inquiry skills

and affective qualities of inquiry--as measured by the
instruments described in Objective 2--for IRA students
in classes where the Program wls at least adequately
implemented.

Data Analyses/Results: In order to determine whether or not there were
any significant gains from pretest to posttest for any of the student
outcome variables, the repeated measures analysis of variance was computed
for each variable. The results of these analyses are presented in
Table 3-1. An analysis of variance, non-repeated measures, was also
computed; these results are presented in Table 3-2.

Note that this objective and hypothesis dealt only with students in classes
where IRA was at least adequately implemented. Therefore, data from
teacher 01 were not included in any of these analyses. In addition, since

411
teacher 04 did not pretest students he is not represented in the repeated
measures analysis of variance. This teacher was therefore also deleted
from the analysis of variance, non-repeated measures.

TABLE 3-1: Number of Students, Pretest and Posttest Means, F Ratios,
and Probability Levels for Student Outcome Variables
(Repeated Measures Analysis of Variance)

VARIABLE N

PRETEST
MEAN

POSTTEST
MEAN F RATIO P

EIB III Formulate a Hypothesis 333 10.37 11.87 46.54 .00
EIB IV Design a Study 258 11.47 17.91 536.39 .00
EIB V Interpret Data. 331 11.01 23.98 935.37 .00
EIB VI Synthesize Knowledge 309 5.40 7.06 116.88 .00
EIB Total Score 258 39.35 62.36 830.64 .00

BSBI A Curiosity 258 2.61 2.68 2.56 .11
BSBI B Openness 258 3.56 3.66 4.46 .03

, BSBI C Satisfaction 258 3.68 3.56 7.46 .01
BSBI D Responsibility 258 3.63 3.71 1.31 .25
BSBI Total Score 258 13.48 13.61 1.00 .32

CFE 290 18.27 19.17 5.74 .02
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As can be noted from Table 3-1, 6 of the 12 F ratios are significant beyond
the .01 level ofsignificance. Two of the ratios are significant at the .06
level. Thus, there was a significant difference from pretest to posttest
on 8 of the 11 student outcome variables. All of the differences were in
a positive direction except for the negative difference for the Satisfaction
scale on the BSBI. For this scale, there was a significant decrease in the
students' scores from pretest to posttest.

Inquiry Role Approach (IRA) students, in classes where at least adequate
implementation had occurred, scored significantly (P = less than .01)
higher at the end of the school year than at the beginning for the
inquiry skill variables: formulating hypotheses, designing studies,
interpreting data, synthesizing knowledge and the total score on
Explorations in Biology (total' -sore includes the foregoing subscales
and two items on formulating problems). Thus these cognitive inquiry
skills were significantly higher at the end of the school year for IRA
students than they were at the beginning of the year. Note that EIB-
subscale I, formulating problems, was not studied since this subscale
had previously been shown to be unreliable (see MEASURING INSTRUMENTS
section, discussion of EIB-Topic 1 reliability).

In the area of affective qualities of inquiry, IRA students showed a
significant (P = .03) gain on the openness subscale, a significant
(P = .01) decrease on the satisfaction subscale, and no significant
difference pre to post on the curiosity and responsibility subscales
or BSBI total score.

IRA students showed significant (P = .02) pre to post gain on the biology
content variable.

TABLE 3-2: Number of Students, Pretest and Posttest Means,
F Ratios, and Probability Levels for Student
Outcome Variables (Analysis of Variance, Non-
Repeated Measures)

VARIABLE PRE

i
POST

PRETEST
MEAN

POSTTEST
MEAN F RATIO P

EIB IA* 568 812 18.93 20.63 36.1 .0000

EIB IB** 573 786 35.36 40.90 113.6 .0000

BSBI A Curiosity 580 519 2.60 2.71 7.53 .006

BSBI B Openness 580 519 3.52 3.70 15.66 .0003

BSBI C Satisfaction 580 519 3.58 3.53 1.74 .18

BSBI 0 Responsibility 580 519 3.55 3.85 21.57 .00j0

BSBI Total Score 580 519 13.26 13.79 17.08 .0002

CFE 589 777 17.56 19.64 40.39 .0000

* EIB-1A is a subscore of EIB 1 which includes EIB subscales I, III, and 12
items from subscale IV.

** EIB-1B is a subscore of EIB 1 which includes 12 additional items from
subscala IV and subscales V and VI.
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As can be noted from Table S-2, seven of the eight F ratios are significantbeyond the .01 level. All of the differences were in a positive direction.
Thus these analyses indicate the null hypothesis (Hypothesis 3A) can berejected for all variables except BSBI subscale C (satisfaction).

Inquiry Role Approach students, in classes where at least adequate implementationhad occurred, scored significantly (P = less than .01) higher at the end ofthe school than at the beginning for: cognitive inquiry skills as measured byEIB-1A and EIB-1B; affective qualities of inquiry as measured by the BSBI total
score and subscale A (Curiosity), B (Openness) and D (Responsibility); andbiology content knowledge as measured by the CFE.

The design utilized for tesing hypothesis 3A is a quasi-experimental
design. Campbell & Stanley' have noted that this design may be appropriatein field situations where equivalent or comparable control groups cannotbe added. It is further characterized as tending toward superiority inexternal validity or generalizability over "true" experimental designs.However ae most important characteristic of this design for the purposesof this study is its ability to control for the effect of taking apretest upon the scores of a posttest.

For pretesting, students were randomly distributed into two groups.Croup 1 was pretested with the BSBI and CFE instruments; Group 2 waspretested with the EIB-Topic 1 instrument. All students were posttestedwith all three instruments. Thus Group 2 students acted as a non-pretestedcontrol group for the BSBI. and CFE instruments; Group 1 students actedas a non-pretested control gr:oup for the EIB-1 instrument. An analysisof variance was computed between those students who had the pretestfor each' variable and those students who did not have the pretest. Theresults of these analyses are presented in Table 3-3.
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TABLE 3-3: Posttest Mean Scores and F Ratios for Comparison of Students
With and Without Pretests

TEST

PRETESTED NOT PRETESTED

_GKOI-Lil (GROUP 2)
MEAN----- N MEAN K F P

EIB III
EIB IV
EIB V

FIB VI

EIB Total

TEST

BSBI A
BSBI B
BSBI C
BSBI D
BSBI Total

CFE

11.20 .399
17.61 339
23.96 398
6.81 387

60.63 339

11.41
17.36
23.24
6.82

60.35

432
361 ,

426
415
361

.67

.95

3.40
.02

.11

.58

.67

.06

.89

.74

PRETESTED NOT PRETESTED
(GROUP 2) (GROUP 11

MEAN N MEAN' N

2.70 214 2.70 378 .02 .89
3.64 214 3.63 378 .02 .89
3.50 214 3.57 378 1.38 .24
3.67 214 3.71 378 .17 .69

13.51 214 13.60 378 .18 .67

18.74 406 19.20 393 1.02 .31

The results indicate that there are no significant differences between
the two groups on any of the posttest scores. As can benoted in Table 3-3,the means for the two groups are very close and in all cases except
for the EIB 3 part score, the group which did not have the pretest scored
slightly but .not significantly higher than the group of students who
had the EIB test as a pretest. For the BSBI scores, the means are again
very close and the group of students with the BSPI as a pretest scored
slightly but not significantly highter on two of the part scores and
the total score. As noted above, none of these differences were significant
at the .05 level of signif!cance. For the CFE, the group of students
who had the CFE as a pretest .scored about half a point higher than the
group of students who did not have this test as a pretest, but again
the difference was not significant at the .05 level.

It should be noted that the design used here does not control for maturation- -
pre to post changes resulting from the passage of time rather than treatment.
However, a modified Solomon Four-Group Design was used for Objective 6
and posttest only analyses were performed comparing experimental and
-ontrol groups.
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Interpretation:

Repeated Measures Analysis of Variance: Apparently the students in the IRA
program strongly developed cognitive inquiry skills as measured by the tIB-1
instrument. Significant development of the knowledge of biology, as measured
by the CFE, is also indicated.

While the affective quality of openness was significantly increased, total
BSBI scores indicate that overall development of affective qualities of inquiry
was not significant. (However it is important to note that IRA students did
show change in a positive direction on the BSBI total score.) Scores on the
BSBI subscale for satisfaction showed a significant decrease.

Analysis of Variance, Non-Repeated Measures: These results indicate IRA
students strongly developed cognitiveinquiry skills as measured by the EIB-1
instrument, biology content knoledge as measured by the CFE, and affective
qualities of inquiry (with the exception of Satisfaction) as measured by the
BSBI instrument.

Comparison of Analyses: When the results of the repeated measures analysis of
variance and analysis of variance (non-repeated measures) are compared, the
following should be noted: 1) Cognitive inquiry scores are shown to be
significantly higher on the posttest than on the pretest. The probability
levels do change somewhat from one analysis to the other, but all P values are
well below the .01 level. 2) Biology content knowledge scores are significantly
higher on the posttest than on the pretest. The probability level changes
from .02 when the repeated measures analysis is used to 1.3 x 10- when the
non-repeated measures analysis is used. 3) The results regarding the affective
qualities of inquiry are substantially different for the two analyses.
Subscale A (Curiosity) Shows a non-significant gain pre-to-post using repeated
measures analysis of variance (ANOV), but shows a significant gain using non-
repeating measures ANOV. Subscale B (Openness) shows a significant gain using
both analyses, byt the probability love' changes from .03 (repeated measures
ANOV) to 2.5x10-4 (non-repeated measures ANOV). Subscale C shows a significant
(P = .01) loss pre-to-post using repeated measures ANOV, but shows a small,
non-significant loss using non-repeated measures ANOV. Subscale D and total
BSBI scores change as did subscale A, from non-significant gains (using repeated
measures),to significant gains (using.non-repeated measures). In view of the
varying results, particularly for the measures of affective qualities, some of
the limitations of each techniques are noted.

The repeated measures ANOV technique requires each student included to have
both a pre and.psot test for the variable being analyzed. Each subject serves
as his own control, and a source of unexplained variation is accounted for.
At the slme time a smaller uniqu2, sample results; the possibility of an atypical
sample is increased. In fact, the atypical nature may be enhanced by the fact
that the students included have been conscientious enough to have taken both
a pre and posttest. (Students who drop from the course, enter after pretesting,
erroneously complete the test so thtt data is rejected, etc., are eliminated.)

Use of the non-repeated measures ANOV technique allows for a larger and
therefore probably more representative sample (note the comparison of N's

411
between Tables 3-1 and 3-2). However there is more uncontrolled variance
since each student cannot act as his own control.
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In view of the pre-to-post gains shown for these subscales (subscale 5 gains
significant at the .03 level) and the total $SB1 score using the repeated
measures analysis of variance, coupled with the significant pre-to-post gains
shown for these three subscales and the total BSBI score using the non-
repeated measures analysis of variance, and the superior results of the
experimental group, over the control group as discussed in Objective 6, it is
apparent that students in the Inquiry Role Approach program do develop the
affective qualities of inquiry as measured by the BSBI instrument.

Pretest Sensitization:. It also appears that there is little pretest
sensitization operating on the posttest scores for the instruments used
in this study.

Note that student pretest mean scores for cognitive inquiry (EIB subscales
III through VI and total score on Table 3-1.; EIB lA and 1B scores en Table 3-2
are near the chance level as expected (e.g., EIB total score, chance = 40.97;
EIB total score, Table 3-1, pretest = 39.35). This supports the assumption
that the instrument was properly administered by teachers and seriously
responded to by students.

Subscale scores on the BSBI have a possible range from 1 to 5; scores at or
below 3 are considered neutral: That is, they indicate an indifference to the
affective quality being measured. Note that both pretest and posttest mean
scores for subscale A (Tables 3-1 and 3-2) indicate that curiosity, as measured
by the BSBI, is not at a meaningful level. Means on all other subscales and
the total score are well above the "neutral" level.
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Objective 2

Objective 3B: To determine whether IRA students, in classes where the
program was at least adequately implemented, prefer the
social behaviors, cognitive behaviors, and classroom
procedures characteristic of the IRA program.

Hypothesis 33: A majority of the teachers--having performed at least
adequate implementation-will not report a Class mean
score of greater than 3.50 for the preference items
on the instrument Views and Preferences - Form C. (A
mean score of greater than 3.50 indicates more than 50
percent of the students prefer the set of social behaviors,
cognitive behaviors and classroom procedures presented
in the instrument.)

Data Analysis/Results: A description of the scoring of the instrvint
Views and Preferences - Form C is found in the section MEASURING INSTRUMENTS.
A student mean. score of greater than 3.50 indicates that on the average
over 50 percent of the students responding prefer the behaviors and
procedures presented in the instrument. The student mean scores for
preference items are presented in Table 3-3. This table includes data
both from end of Theme I (approximately mid-year) and end of Theme II
(near end of year for most teachers). This objective included only
students in classes where the IRA program was at least adequately
implemented. Therefore data from teacher 01 are not included in Table 3-3.

TABLE 3-3: V&P-C Preference Items Mean Scores of IRA students in Adequately and Very Adequately
17610TeTroented Classes

MEAN SCORE MEAN SCORE MEAN SCORE MEAN \CORE
TEACHER TYPE OF SOCIAL BEHAVIORS* COGNITIVE BEHAVIORS* CLASS DROCIDURIS* roTA1-ALL PRFFFRFNCI ITEMS*
NO. IMPLEMENTATION THEME I THEME II THEME THEME II

_
THEME I "lEME !T THEME

' 11-ME II

20 A 3.967. 'IA** 1.86' NA 3.767 NA ;.888 NA
30 A 3.685 3.954 3.180 3.524 3 804 3.69e 524 3.740
40 A 3.887 3.858 3.664 3.4/ 3.875 3.621: 3.802 3.670
02

A

3.976 NA 2.445 NA 93j NA 3 '7I NA
03 0 4.019 3.386 3.414 3 500 4.000 3.885 .3.792 3.774
04 VA NA 4.156 NA 3 888 NA 4.268 NA 4.080
21 A NA 3.947 NA 3 374 NA 3 846 NA 3.715
22 VA 1.979 NA 3.488 NA 3.823 NA 1 165 NA
31 ,A 3.917 3.854 3.655 3 319 3.927 3.792 3.822 s.643

10-14 A 3.821 3.754 3.3?c 3 43 1 ".', 1.P1P1 3 616 1 671

_________-_
ALL TEACHERS 2EPORTINCI 3.906 3.930 3.505 3.501 3.856 3.856 3.748_ 3.756

* *

Number Of preference items for social behaviors = 3, ior conitive behavior 1, for Oass procedures 4,
for all preference items = 19.

NA - instrument not administered.
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As seen in Table. 3-3, all mean scores reported for social behaviors and
class procedures were above 3.50. In addition, all mean scores reported for
the total score of all preference items were above 3.50. Three of eight
teachers reporting at end of Theme I and three of seven teachers reporting
at end of Theme II reported mean scores for cognitive behaviors above 3.50.

Interpretation: With respect to the social behaviors and class procedures
characteristic of the IRA methodology, students demonstrated strong preferences
in classes where the program was at least adequately implemented. For the
cognitive behaviors characteristic of IRA, approximately half of the students
demonstrated a preference. The mean total scores for all preference items on
the V&P-C indicated a general preference by IRA students for the behaviors
and procedures characteristic of IRA. Thus the null hypothesis (Hypothesis 3B)
is rejected.
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Objective 4

Objective 4: To determine whither there are significant differences in
student outcomes in biology content knowledge, cognitive
inquiry skills and affective qualities of inquiry between
students in the following subgroups:

1. Students in classes where the program was inadequately
implemented, adequately implemented, and very adequately
implemented.

2. Students with'verbal and numerical ability at the 75th
percentile or above, from the 50th to the 74th percentile,
from the 25th to the 49th percentile, and at the 24th
percentile or below.

Hypothesis 4A: There is no significant difference in student outcomes--
biology content knowledge, cognitive inquiry skills and
affective qualities of inquiry as measured by the instruments
described in Objective 2--for students in clasr.es with
different degrees of implementation of the IRA program.

Data Analysis/Results: In order to test Hypothesis 4A, the analysis of
covariance was computed for each of the eleven student outcome variables
(note that EIB-subscale I was not used due to subscale unreliability as
discussed previously). Pretest scores were held constant for each variable
analyzed. The Newman-Keuls statistical test was used to determine which
pairwise differences were significant.

Table 4-1 presents the adjusted posttest means and F ratios for comparing
student outcome variables for the three subgroups based on degree of
implementation.

TABLE 4-1:

Table 4-2 presents the results of the Newman-Keuls analysis.

Adjusted Means and F Ratios for Comparing
Subgroups Based on Degree of Implementation

VARIABLE
INADEQUATE
IMPLEMENTATION

ADEQUATE
IMPLEMENTATION

VERY ADEQUATE
IMPLEMENTATION RATIO DF

ADJUSTED ADJUSTED ADJUSTED
MEAN N MEAN N MEAN N

EIB III 9.48 22 11.69 204 12.11 129 5.81** (2,351)

EIB IV 14.75 23 17.95 144 18.24 114 11.62** (2,277)

EIB V 18.52 25 23.89 202 25.33 129 13.46** (2,362)

EIB VI 6.35 25 6.96 180 7.57 117 5.57** (2,330)

EIB Total 49.14 23 62.35 149 64.38 114 21.99** (2,277)

BSBI A 2.79 58 2.65 144 2.76 114 1.84* (2,312)

BSBI B 3.67 58 3.64 144 3.70 114 .30 (2,3-'2)

BSBI C

lip BSBI D

BSBI Total

3.54

3.65
13.71

58

58
58

3.51

3.76
13.56

144
144
144

3.61 114

3.78 114

13.80 114

.92

.481

.493

(2,312)
(2,"112)

(2,3i2)

CFE 20.20 59.. 19.17 197 20.38 93 1.68* (.345)

*Sig. at the .25 level.
**Sig. at the .01 level.



TABLE 4-2: Newman-Keuls Post Hoc Analysis
for Extent of Implementation

IA IA

-A VA-

A
VA.

EIB III
EIB IV

EIB V

EIB VI

EIB Total

** **

** **

** **
U

* Significant at .05 level

** Significant at .01 level
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Five of the eleven F ratios are significant at the .01 level of significance.

These involved the following student outcome variables: EIB III, EIB IV,

EIB V, EIB V1, and EIB total score.

For the EIB III comparisons, the Newman-Keuls post hoc analysis indicated

that the achievement level of the students under the teacher with inadequate

implementation was significantly below both the other subgroups. For the

411
EIB IV scores, the post hoc test indicated that the students under the

inadequate implementation teacher were significantly lower than both the

other subgroups. The same pattern is true for the EIB V and EIB total score.

For EIB VI only the very adequate -and inadequate means were significantly

different. .All of the comparisons were significant at the .01 level of

significance.

Interpretation: The data presented suggests that at least adequate
implementation is necessary to attain development of cognitive inquiry, but

not necessary for development of affective qualities and biology content

knowledge. Much caution must be exercised in interpreting this data. Data

from only one teacher is included in the "inadequate implementation" category.

Further, the students in this teacher's classes were all ninth grade

students (compared to primarily tenth grade students in adequate 1y and very

adequately implemented classes); and students were in class only 180 minutes/

week. This teacher, strongly emphasied social and attitudinal development'

(note that there was no significant difference between this teacher's class
and all other classes in the area of affective qualities). This emphasis

contributed to the lack of use of much of the IRA programs materials (no

activities in Theme II and only 11 percent of Theme III activities were
completed). The lack of completion of IRA activities may have strongly
contributed to the significantly lower cognitive inquiry scores. Further

studies using more carefully controlled groups (in terms of grade level,

class structure, et,...) and larger sample size might give more conclusive

results.
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The question is also raised as to the relative validity of the four variables
used to evaluate degree of implementation. It may be appropriate to place
greater.emphasis on certain variables (for example, percent of IRA activities
completed) than on others.
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Hypothesis 4B: There is no significant difference in student outcomes--

III
biology content knowledge, cognitive inquiry skills and
affective qualities of inquiry as measured by the instruments
described in Objective 2--for students with different
verbal and numerical abilities. .(Verbal and numerical
abilities: Students will be stratified according to their
Differential Aptitude Test pre-test scores into four verbal
and four numerical ability groups for tenth grade students
only--75th percentile and above, 50th to 74th percentile,
25th to 49th.percentile, and 24th percentile and below.)

Data Analyses/results: The analys.k of covariance was also used to determine
whether or not there were any significant differences in student outcome
variables (EIB-subscale I not included) among the fqur subgroups based on
both the DAT-Verbal and the DAT-Numerical scores. Pre,,est scores were held
constant for each variable analyzed. The results of these analyses are
presented in Tables 4-3 and 4-4 for, respectively, the subgroups based on
DAT-Verbal scores and DAT-Numerical scores. The Newman-Keuls analysis was
used to determine which pairwise differences were significant; these results
are presented in Tables 4-5 and 4-6.

Data 'red in these analyses include data for students of all eleven teachers
(or teacher groups) listed on Table 1-1 (see Data Analysis/Results for
Objective 1A). With two exceptions (teachers 03 and 04) teachers administered
the DAT-Verbal and DAT-Numerical instruments to students within the first
week of the school year.

Teacher 03 did not administer DAT in the fall of the year. Students at her
school wcre scheduled to take the DAT tests during the year as part of a
school-wide testing program. It was planned to utilize test scores from
this testing: However, it was found that the tests administered were new
forms of the DAT being developed by The Psychological Corporation, Forms S
and T. Verbal and Numerical raw scores and percentile rankings were
available for the majority of Teacher o3's students from testing with Forms
S and T. In order to convert these scores into equivalent DAT Form L Verbal.
and Numerical .raw scores for fall testing, the Verbal and Numerical percentile
were considered equal to the percentile each student would have attained on
the DAT Form L. Using tables on pages 3-10, 3-11, and 3-12 of the Manual
for the Differential Aptitude Tests raw score's were assigned.

Teacher 04 did not administer CAT in the fall of the year. DA1 Form L scores
were availablefrom the school district records for this teacher's students.
However, it was found that these scores were from tests administered two
years previous, in the students' eighth grade. Since these raw scores would
not reflect student abilities at the present time, the Verbal and Numerical
percentiles were used to convert to d current (tenth grade) raw score, again
using the appropriate table (p. 3-10) in the Manual for the Differential
Aptitude Tests.
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TABLE 4-3: Adjusted Means and F Ratios for Comparing
Subgroups Based on Quartiles on DAT Verbal Scores

VARIABLE

FIRST

QUARTILE
SECOND

QUARTILE
THIRD

QUARTILE
FOURTH

QUARTILE

F RATIO

ADJUSTED
MEAN N

ADJUSTED
MEAN N

ADJUSTED
MEAN N

ADJUSTED
MEAN N

EIB 3 10.19 35 10.07 51 12.02 82 12.78 117 13.06**
EIB 4 15.69 27 16.83 33 17.66 66 19.00 90 10.54**
EIB 5 18.89 38 20 26 42 23.51 93 27.27 109 40.25**
EIB 6 5.80 34 ,s7 38 6.76 88 7.61 106 9.67**
EIB Total 53.59 27 54.45 33 60.79 66 68.17 .90 34.38**

BSBI A 2.54 21 2.52 48 2.67 65 2.77 82 1.90
BSBI B 3.45 21 3.43 48 3.60 65 3.76 82 3.05*
BSBI C 3:38 2'! 3.37 48 3.49 65 3.65 82 2,98*
BSBI D 2.91 21* 3.35 48 . 3.72 65 3.90 82 6.52*
BSBI Total 12.46 21 12.76 48 13.51 65 13.94 82 5.26*

CFE 16.11 25 18.41 45 17.27 72 19.89 98 3.68*

* Significant at .05 level
** Significant at .01 level

TABLE 4-4: Adjusted Means and F Ratios for Comparing
-Subgroups Based on Quartiles on DAT Numeric Scores

VARIABLE

FIRST
QUARTILE

SECOND.

QUARTILE
THIRD
UARTILE

FOURTH
QUARTILE

F RATIO

ADJUSTED
MEAN N

ADJUSTED
MEAN N

DJUSTED
MEAN N

ADJUSTED
MEAN N

EIB 3 11.11 86 11.72 67 12.01 96 13.06 21 2.41
EIB 4 16.18 61 17.32 52 18.79 81 19.69 19 13.03**
EIB 5 21.09 d5 22.99 75 25.96 94 28.13 22 17.81**
EIB 6 6.63 76 6.82 72 7.29 41 7.96 20 4.00*
TIB Total 56.41 61 60.26 52 65.22 81 69.26 19 14.64**

BSBI A 2.44 52 2.66 68 2.74 78 2.85 17 3.36*
BSBI B 3.46 52 3.59 68 3.72 78 3.52 17 1.97
BSBI C 3.40 52 3.51 68 3.53 78 3.65 17 .94
BSBI D 3.21 52 3.63 68 3.85 78 3.80 17 4.51*
BSBI Total 12.58 52 13.41 68 13.81 78 13.65 17 4.45*

CFE 16.21 67 17.80 79 19.82 75 21.62 18 6.35*

* Significant at .05 level
** Significant at .01 level
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TABLE 4-5: Newman.Keuls Post Hoc Analysis
'for DAT-Verbal Quartiles

1ST# / 1ST 1ST 2ND 2ND 3RD
2ND 3RD 4TH 3RD 4TH 4TH

EIB 3
EIB 4
EIB
EIB 6
EIB Total

BSBI B
BSBI C
BSBI D
BSBI Total

CFE

**

**

**

**

*
**

**

*

*

*

**
*

**
**
**

**
* *

*

**

**

**

**
*

**
**
**

**

**

* Significant at .05 level
** Significant at .01 level

TABLE 4. -6: Newman-Keuls Post Hoc Analysis
for DAT-Numerical Quartiles

1ST 1ST 1ST 2ND 2ND 3RD
2ND 3R0 4TH 3RD 4TH 4TH

EIB 4
EIB 5
EIB 6
EIB Total

BSBI D
BSBI Total

CFE .

*

**

**

*

**
**
**

*

**

**
* *% **

**

*

* Significant at .05 level
** Significant at .01 level

Kay: 1ST = 4TH quartile
2ND = 3RD ."

3RD = 2ND
4TH = 1ST
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As indicated in Tables 4-3 and 4-4, all but one of the.F ratios for thetotal and four subscale scores on the EIB are significant; all but three ofthe F ratios for the total and four subscale scores on the BSBI are significant;and the F ratios for the CFE are significant. Tables 4-5 and 4-6 indicatewhich of the pairwise comparisons are significant. It should be hoted that,although the F ratios were significant for BSBI-subscale C compared to DAT-Verbal and BSBI-total score compared to DAT-Numerical , the Newman-Keulsanalysis did not result in any significant pairwise differences.

In order to further clarify ,the poss:ble relationships between student outcomevariables and DAT scores, correlatioi coefficients were computed betweeneach measure of student outcome and the DAT scores. Table 4-7 presents theresults of this analyses.

TABLE 4-7: Correlations Between Posttest Student Outcome
Variables and DAT-Verbal and DAT-Numerical Scores

r*

DAT-V N
r*

DAT-N it

EIB 3 .417 742 .318 718EIB 4 .450 636 .425 623EIB 5 .550 735 .468 722EIB 6 .361 716 .278 703EIB Total .610 636 .525 623

BSBI A .242 522 .249 - 499ESBI B .484 522 .436 499BSBI C .299 522 .294 499BSBI D .462 522 .428 499BSBI Total .507 522 .479 499

CFE .481 717 .482 687

* All correlations are significant at 0.01

All of the correlations given in Table 4-7 are significant at the .01 level.

Interpretation: It is apparent from the Newman-Keuls test results shown inTables 4-5 and 4-6 that student outcomes in cognitive inquiry as measured bythe instrument EIB-Topic 1 are related to both DAT-Verbal and Numericalscores since there are a number of sianificant differences between thevarious quartile subgroups. The correlation coefficients for EIB-Total
scores (the coefficients indicating significant positive linear relationships)also support this view. It should be noted thEt these coefficients (r = .610,DAT-Verbal-EIB total score; r = .525, DAT-Numerical-EIB total score) are nearthe value previously reported by Koos3 (Tech Report #1, 1970) (r - .63,
OAT-Numerical + Verbal Composite score - EIB-1 total score).
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Tables 4-5 and 4-6 also indicate that student outcomes for affective
qualities measured by the BSBI are related to DAT-Verbal scores. Only
two pairwise comparisons for BSBI - subscale D show significant differences;
BSBI-total scores show no significant differences in pairwise comparisons.
Therefore there does not appear to be a substantial relationship between
BSBI and DAT-Numerical. The correlation coefficient (.479) would support
this view. This is as expected since the BSBI instrument is designed to
measure affective qualities.

In the comparison of CFE to DAT-Verbal, only one quartile pairing, 1st to
4th, shows a significant difference (p = .05). Two pairings show significant
difference when CFE and DAT-Numerical or compared (1st to 3rd, p = .05;
1st to 4th, p = .01). CFE and DAT scores therefore are apparently related,
but not to the degree shown for EIB and DAT scores. This view is again
supported by the correlation coefficients (r = .481, CFE-DAT-Verbal; r = .482,
CFE-DAT-Numerical) .

In summary, student outcomes are generallyirelated to students' verbal
and numerical ability as measured by the DAT; the null hypothesis
(Hypothesis 4B) is rejected. The highest degree of relationship to
verbal/numerical ability is shown for cognitive inquiry skill development
as measured by the EIB. These results are generally as expected. The
data reported here in Tables 4-3 and 4-4 may also be helpful to future
teachers using the IRA program for evaluating stuaent performance.
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Objective 5

Objective 5: To determine whether IRA students will demonstrate criterion
level performance in biology content knowledge, cognitive
inquiry skills, social skills and affective qualities of
inquiry at an interim point in the program.

Hypothesis 5: IRA students will not demonstrate the following criteria
levels when tested at the end of Theme I:

CRITERION PERCENT OF CHANCE
SCORE TOTAL SCORE SCORE

Theme I biology
achievement--as measured
by a 72-item biology
content test.*

A. Information and
definition items:

B. Application and
inquiry process items:

2. Theme I cognitive inouiry
skill development--as
measured by EIB-2A & 2B.

A. Formulate a problem:

B. Search for information:

C. Formulate a hypothesis:

D. Design a study:

E. Interpret data or
findings:

F. Synthesize knowledge
gained from the
investigation:

3. Theme I social skill
development--as measured
by the Social Skills
Checklist* and Understanding
Role Responsibilities* quiz.

A. Understanding Role
Responsibilities:

B. Social Skills Checklist:

12.5 50% 6.25

23.5 50% 11.75

1.7 85% 1.6

20.9 55% 19.5

9.35 55% 7.5

28.6 55% 20.4

17.6 ''-'55% 16.0

9.9 55% 8.6

30 75% 10

28 56%

111 *These instruments ure found in rriclusfq Role Approach THEME I MANUAL,
Activity 121.
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CRITERION PERCENT OF CHANCE
SCORE TOTAL SCORE SCORE

4. Theme I affective
qualities of inquiry- -

as measured by the
Attitude Checklist.*

A. Attitude Checklist: 33 51%

Data Analyses/Results: Interim data (data from the end of Theme I assessment)
was recorded by teachers on summary sheets. A separate summary sheet, showing
scores for each of the instruments and subscales given in hypothesis 5 above,
was completed for each student. When summary sheets were received, a sample
of 20 to 30 from each teacher was randomly selected for analysis. Using
this sample, mean scores were calculated for each instrument and/or subscale.

The sample for teacher group 10 (teachers 10 through 14) was larger (approximately
80) since the sample represents a large number of students. Teacher 40 did
not send summary sheets but did send mean scores calculated for all 103 students
who took the Theme I assessment.

Prior to receipt of the data, criterion levels were set for eachinstrumen
and subscale. Criterion levels were the cooperative professional judgment
of three program development specialists, one research and evaluation
specialist, and two experienced IRA teachers (four years teaching IRA):

A summary of the data from the end of Theme I assessment is given in Table 5-1.

*These instruments are found in Inquiry Role Approach THEME I MANUAL,
Activity 121.
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111 Scales 1 & 2: A criterion level of 12.5 was set for scale 1, Biology Content -

Information and Definition, a 25-item scale with a chance score of 6.25.

A criterion level of 23.5 was set for scale 2, Biology Content - Application

and Inquiry Process, a 47-item'scale with a chance score of 11.75. These

criterion were based on the Manual for the Comprehensive Final Examination

in First.-Year Biolo0,4 the BSCS Quarterly Achievement Tests - Yellow Version

Manual,5 and The Resource Book, of Test Items for Biological Science - An
Inquiry Into Life, 2nd Edition 6 from which the biology content items were

taken. From these sources it was determined that a national sample of students

with mean scores of 50 percent on tests with norms established (e.g., CFE)

were 0 about the 40th percentile in the norm population. Since the norm

population had DAT-Verbal + Numerical composite score mean at the 70th
percentile, and the field test population mean was near the 60th percentile

on DAT-Verbal, a mean score of 50 percent on the biology content seemed
roughly comparable to an expected level of achievement for students at

this level.

Scale 3: Understanding Role Responsibilities is a 20-item instrument with

a maximum score of 40, chance score of 10, and a criterion of 30. This

criterion level was based solely on the professional judgment of staff

members as stated in above group. Of the 11 teachers (or teacher groups)

reporting, only 1 reported meeting this level, and the report indicated this
level was reached after 2 to 3 administrations of the instrument. Mean

411

scores ranged from 18.9 to 30. While the criterion level was not met, it

should be noted that criterion was high and that all teachers reported

student mean scores well above the .chance level.

Scale 4: The Social Skills Checklist is an 11-item instrument with a

criterion level of 28, a maximum of 55, and no chance score. Scores were

to be interpreted as follows:

excellent 50 - 55

good. 39 - 49

satisfactory 28 - 38

poor 17 - 27

very poor 11 - 16

The mean scores ranged from 33.4 to 49.4 for the 11 reporting teachers (or

groups); thus all exceeded the criterion level. Three reported a mean

score between 28 and 38 for "satisfactory" social skills ability, and eight

reported mean scores in the "good" category.

Scale 5: The Attitude Checklist is a 13-item instrument with a criterion

level of 33, d maximum score of 65, and no chance score. Scores we..'e to

be interpreted as follows:

very frequently 59 - 65

frequently 46 - 58

sometimes 33 - 45'

seldom 20 - 32

rarely or never 13 - 19

The criterion level of 33 ova:: exceeded by all 10 reporting teachers. The

mean scores ranged from 41.7 to 51.1. rour teachers reported scores in the

"sometimes" range, and reported scores 4n t1-.. "frequently" range.
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.Scales 6 through 11: The total men scores on the Explorations in Biology-
To ic Lhave ranged from 53 to 1091 when administered to secondary and
col ege students at various times of the year. Because of this wide range
and limited description of subjects, time of testing, and instruction received,
the professional judgment of the above mentioned staff was used for establishing
criteria levels for the various parts and total scores of EIB-2.

A criterion level of 55 percent was arbitrarily established on the total
and all sub-parts, except Formulating Problems which was set at 87.5 percent
because of the high chance score. This level, 55 percent, seemed to be a
meaningful level because it was well above the overall chance percentage
of 46.3 percent and all EIB's a e considered difficult tests.

The reported mean scores for scale 6, Formulating Problems, ranged from
1.33 to 2.0. Six of the eight reporting teachers reported mean scores
exceeding the 1.75 criterion level.

Scale 7, Searching for Information, had a criterion score of 9.35. The
reported means ranged from 6.4 to 10.8; only one of eight exceeded the
criterion level.

Scale 8, Formulating Hypotheses, had a criterion score of 20.9. The eight
reported mean scores ranged from 21.4 to 25.7; all exceeded criterion.

The criterion level for scale 9, Designing a Study,. was 28.6. The reported
mean scores ranged from 20.4 to 30.3. Four. of the eight exceeded criterion.

The criterion level for.scale 10, Interpreting Data or Findings, was 17.6..
The reported mean scores ranged from 19.9 to 22.0. Thus all eight exceeded
criterion.

Finally scale 11, Synthesizing Knowledge, nad a criterion score of 9.9.
The reported means ranged from 9.58 to 12.0; six of the, eight exceeded
criterion.

The EIB-2 total scure criterion level was 88.1 (55.4% of the 159 total
possible points). Teacher oroup 10 (teachers 10-14) and teacher 40 did
not report scores for scales 6 through 11 , but' did report mean scores for
EIB-2 total score. Including these results, EIB-2 total score .means
ranged from 82.5 to 100.0, and 7 of 13 teachers reported means exceeding
the criterion level. The three means below criterion were nonetheless well
above chance.

Teacher 04 reported on the Laboratory Exploration in Biology (LEIB) instead
of the Exploration in Biology (EIB), and a mean score of 3.33 was indicated.
This was equivalent to a B+ average.

interpretation:

Scales 1 & 2: Since aid teachers reporting met criteria for scale 1, and

411
all but one teacher met. criteria for scale 2, one can conclude that the biology
content achievement for tie' I9 I was adequate.
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Scale 3: In terms of the criterion level stated for scale 3, student
understanding of role responsibilities at the end of Theme I appears to be
inadequate. Recall, however, that criteria were not empirically based and
may have been set too high. This view would be supportgd by the data
noted above--all student means were well above the chance level even though
most did not meet criterion. Also, by the end of Theme I most students
had only experienced the performance of one role; therefore, it may be
likely that they had adequate knowledge of their own role but inadequate
knowledge of the other three.

'These results indicate a need to review the suggested criterion level.
They also suggest the possible usefulness in further study of the function
of actual role performance in learning role theory.

Scale 4: Since all reported student means exceeded criterion, it is suggested
that student social skills ability at the end of Theme I was at least
satisfactory. Caution must be exercised, however, since this is a checklist
which utilizes student ratings which may nGt be highly valid or reliable.
(See MEASURING INSTRUMENTS section for full discussion of this instrument.)

Scale 5: As with scale 4, the reported student mean all exceeded criterion
and suggest that students adequately-demonstrate behaviors which are indicative,
of the attitudes Theme I is Intended to develop. Again, however, caution
must be exercised due to the nature of the instrument. (See MEASURING
-INSTRUMENTS section for full discussion of this instrument.)

Scales 6-11: Studdnt means reported for two scales of the EIE-7! instrument- -

scale 7, Searching for Information, and scale 9, Designing a Sts dy--did not
show adequate development at end of Theme I. However, the remaining scales,
6, 8, 10, 11, did show criterion level and above mean scores. And the
overall EIB-2 criterion was met by students in classes of 7 of the 10
reporting teachers. Therefore adequate development.of cognitive inquiry
skills by the end of Theme I is indicated.

It should be noted that each theme in the IRA program stresses the development
of different areas of inquiry. (The thematic structure of IRA is discussed
more fully in the PRUGRAM DESCRIPTION section.) Theme I is designed to
particularly develop problem and hypothesis formUlation. While problem
formulation is almost impossible to evaluate reliably with only two items
on an instrument (note that maximum score for scale 6 is 2.0), the hypothesis
formulation scale, scale 8, should be more carefully viewed. Note that all
eight reporting teachers reported student mean scores exceeding criterion.
Further note that searching for information (scale 7) and designing a study
(scale 9) are the two areas of inquiry emphasized in Theme II of IRA.
Therefore, the below criterion results reported for scales 7 and 9 are not
highly valid indicators of the degree of cognitive inquiry skill development
in Theme I.

In summary, biology content knowledge, social skills development, development
of attitudinal qualities of inquiry, and cognitive inquiry skil.s development

411
all appear to have been adequately achieved in Theme I. Some understanding
of role responsibilities was achieved, but the criterion level was not met.
In view of the large majority of student medn scores reported which met
or exceeded their respective criterion level, the null hypothesis is rejected.
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Objective 6

Objective 6: To determine whether there are significant differences in
student outcomes in biology content knowledge, cognitive
inquiry skills and affective qualities of inquiry between
students in the following subgroups:

1. Students in classes of IRA teachers using the BSCS
Yellow Version text.

2. Students in classes of experienced IRA teachers using
the BSCS Blue Version text.

3. Students in classes of non-IRA teachers using the BSCS
Yellow Version text.

Hypothesis 6: There is no significant difference in student outcomes- -
biology content knowledge. cognitive inquiry skills and
affective qualities of inquiry as measured by the instruments
described in Objective 2--among students grouped by classes
of IRA teachers using BSCS Yellow Version, experienced IRA
teachers using BSCS Blue Version, or non-IRA teachers using
BSCS Yellow Version.

Data Analyses/Results: It is important to first identify which teachers'
students were incluTill for these analyses. As DAT scores became available
it was readily noticed that the DAT mean scoresfor students in the three
groups given above (IRA Yellow Version classes, IRA Blue Version classes,
non-IRA Yellow Version classes) were not equal. Particularly, IRA Yellow
Version classes were well below the other student groups. Since it would
be inappropriate to simply eliminate selected students with low DAT scores
from the analyses, a decision was made to delete groups of students with

low DAT mean scores. Thus teacher 01's students (mean score DAT-Verbal =.
24.03; mean score DAT - Numerical = 17./3) were deleted as a group. (It

should also be noted that teacher 01 did not meet criteria for adequate
IRA implementation, and therefore student outcomes would not be considered

valid IRA results.) In addition, teacher group 10's students (mean score
DAT-Verbal = 28.22; mean score DAT-Numerical = 18.11) were deleted as a

group. (Teacher group 10 represented a unique team teaching implementation
design with no matching control group on this variable.) These deletions
raised the IRA Yellow Version students' mean DAT scores ftom 29.01 to 30.71 on

the Verbal and from 21.12 to 23.87 on the Numerical. This is an increase
from approximately the 60th to 65th percentile on the Verbal ani from the 40th

to the 50th percentile on the Numerical (using 10th grade, first semester

norms). Therefore all analyses using IRA Yellow Version scores include data
from students of all teachers ex'ept teacher 01 and teacher group 10.

Students' scores from all eight control teachers (non-IRA Yellow Version)

are included in the EIB and CFE analyses. Three Teachers did not administer

the BSBI.
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The control group (students of all eight teachers) had a mean DAT-Verbal
score of 32.73 (70th percentile on 10th grade first semester norms) and a
mean OAT-Numerical score of 26.40 (63rd percentile). These DAT mean scores
were not significantly different for the students of the five teachers
included in the BSBI analysis.

In order to determine if the primary experimental (IRA-Yellow) group student
means for verbal and numerical ability were different from the respective
means for the control group, a t-test was utilized. The results are shown
in Table 6-1.

TABLE 6-1: Comparison of IRA and non-IRA Yellow Version Students' DAT-Verbal
and Numerical Mean Scores..

DAT - (TO S.D.
IRA N-IRA IRA N-IRA IRA N-IRA

Verbal 30.71 32.73 9.05 8.99 668. '487. 3.74 .01

Numeric 23.87 26.40 7.28 7.49 656 487 5.62 .01

Thus the control (non-IRA Yellow Version) group had significantly superior
DAT-Verbal ar'd Numeric#1 ability over the experimental group (IRA-Yellow.
Version) used in the following analyses. *ever, percentile comparisolis,
as noted earlier, were improved by.the deletion of teachers 01 and 10.
Further depletion of the experimental group'to raise mean DAT scores did
not seem warranted since mean DAT scores would not be greatly improved unless
a large number of groups were deleted.'

The experienced IRA Blue Version teachers reported a student DAT-Verbal
mean score of 31.72 (68th percentile) and a student DAT-Numerical mean score
of 24.68 (55th percentile). TePcher 64 did not report DAT scores but it
is assumed his students are nearly the same since they are within the same
district as students'of teachers 61 and 62. Note that CFE and BSBI analyses
included students from all four of these teachers. EIB analyses, however,
include data 'only from one to ..her, 64; the others did not administer the
EIB instrument..

In order to determine if there are any significant differences among three
groups of teachers' students on any of the posttest scores, a one-way analysis
of variance was applied to each of the student outcome variables. The
results of these analyses are presented in Tables 6-2 through 6-9.

Note that the EIB subscales reported in previous analyses are not included.
Data from non-IRA and experienced IRA teachers was not scored by subscales.
The EIB-Part lA score includes subscales I, III and 12 items in subscale IV.
The EIB-Part 1B score includes 12 additional items from subscale IV and

111
subscales V and VI.



S TABLE 6-2: Comparison of IRA Blue and Yellow Version Teachers with Non-IRA
Yellow Version Teachers on EIB -1A Posttest Student Mean Scores
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GROUP N MEAN S.D. F RATIO P

IRA - Yellow
Non-IRA - Yellow
IRA - Blue

607
307
29

20.71

18.33
19.59

4.99
6.08
5.34

20.41 .0000

TABLE 6-3: Comparison of IRA Blue and Yellow Version Teachers with Non-IRA
Yellow Version Teachers on EIB-1B Posttest Student Mean Scores

11=1.=1*

GROUP N MEAN S.D. F RATIO

IRA - Yellow 592 41.35 7.73 22.38 .0000
Non-IRP - Yellow 294 37.33 9.95
IRA - Blue 29 41.48 7 40

TABLE 6-4: Comparison of IRA Blue and Yellow Version Teachers with Non-IRA
Yellow Version Teachers on BSBI Subscale A (Curiosity) Posttest
Student Mean Scores

GROUP N MEAN S.D. F RATIO

IRA - Yellow
Non-IRA - Yellow
IRA - Blue

435
141

107

2.73
2.53
2.81

.67

.73

.66

6.49 .0020

TABLE 6-5: Comparison of IRA Blue and Yellow Ver%Oon Teachers with Non-IRA
Yellow Version Teachers on BSBI Subscale B (Openness) Posttest
Student Mean Scores

GROUP N MEAN S.D. F RATIO

IRA - Yellow
Non-IRA - Yellow
IRA - Blue

435
141

107

3.74
3.37
3.79

.67

.74

58

18.59 .0000

TABLE 6-6: Comparison of IRA Blue and Yellow Version Teachers with Non-IRA
Yellow Version Teachers on BSBI, Subscale C (Satisfaction)
Posttest Student Mean Scores

GROUP N MEAN S.D. F RATIO P

IRA - Yellow
Non-IRA - Yellow
IRA - Blue

435
141

la

3.61

3.46

3.74

.68

.75

.68

5.18 .0061



TABLE 6-7: Comparison of IRA Blue and Yellow Version Teachers with Non-IRA
Yellow Version Teachers on BSBI Subscale 0 (Responsibility)
Posttest Student Mean Scores

=1111Maidwriminliaba
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*Ma 610
GROUP N MEAN S.D. F RATIO

IRA - Yellow
Non-IRA - Yellow
IRA - Blue

435
141

107

3.90

3.58

4.12

1.05

1.03
.94

9.07 .0003

TABLE 6-8: Comparison of IRA Blue and Yellow Version Teachers with Non-IRA
Yellow Version Teachers on BSBI Total Posttest Student Mean
Scores

GROUP N MEAN S.D. F RATIO P

IRA - Yellow
Non-IRA - Yellow
IRA - Blue

435
141

107

13.98
12.93
14.46

2.28
2.53
1.92

17.05 .0000

TABLE 6-9: Comparison of IRA Blue and Yellow Version Teachers with Non-IRA
Yellow Version Teachers on CFE Posttest Student Mean Scores

IRA - Yellow 558 21.22 6.25 39.63 .0000
Non-IRA - 310 24.17 G.39'
IRA - Blue 89 17.97 7.22

Application of the Hartleys Fmax test to each analysis demonstrated that the
homogeneity of variance assumption underlying analysis of variance was
satisfied in each case.

From Tables 6-2 to 6-9 it can be seen that all of the F ratios for comparing
the three groups of teachers are significant beyond the .01 level of significance,
indicating that there are significant differences among the posttest means
for all of the student outcome variables. In order to determine which
pairwise means are significantly different, the Newman-Keuls A Posteriori
test was computed for all pairs of means. The results of this analysis are
presented in Table 6-10.



TABLE 6-10: Table of Pairwise Differences at. the .05 Level of Significance
as Indicated L; the Newman-Keuls A Posteriori Test

93.

TEST

EIB lA
EIB 18

BSBI A
BSBI B
BSBI C
BSBI D
BSBI Total

CFE

$Groups: 1.

2.

3.

GROUP Y
GROUPa

IRA - Yellow Version
Non-IRA - Yellow Version
IRA - Blue Version

GROUP 1
GROUP 3

GROUP 2
GROUP )

All of the comparisons of the IRA Yellow Version teachers' students with uhe
non-IRA Yellow Version teachers' students were significant (P = .05) except
for the BSBI subscale C score. Of those comparisons showing a significant
difference, the IRA Yellow Version teachers` students were significantly higher
for all of these differences except for the CFE scores. On the CFE, the non-IRA
Yellow Version teachers' students scored significantly higher than both the IRA
Yellow Version and IRA Blue Version teachers' students, and the IRA Yellow
Version students scored significantly higher than the IRA Blue Version students.

All of the comparisons of the students of the IRA Blue Version teachers with the
non-IRA Yellow Version students were significant (P = .05) except for the EIB
lA scores. For those comparisons showing a significant difference, the .students
of the IRA Blue Version teachers were significantly higher than the non-IRA
students in all comparisons except for the CFE scores. As noted above, the IRA
Blue Version students were significantly below both the IRA and the non-IRA
Yellow Version students ml the CFE.

The only pairwise comparison between the IRA Yellow Version with the IRA
Blue Version students that was significant was on the CF:. All of the
other comparisons involving these two groups of students were not significant
at the .05 level.

Interpretation: Despite the superiority by the control group in verbal and
numerical iFiity as measured by the DAT, the IRA student groups had
significantly superior posttest scores to the control group in cognitive
inquiry and affective qualities of inquiry. These results are pa-ticularly
meaningful for evaluating the effectiveness of the IRA program in light
of the fact that the IRA program has been developed to operationalize the
attitudinal and cognitive inquiry objectives delineated in InLanz_Obtectives
in the Teaching of Biology (this basis is discussed in the CONTEXT section
of this report). -'These results indicate that the IRA program is an effective
teaching approach for developing cognitive inquiry skills and affective
qualities of inquiry which have been previously recognized by science
educators as importart '. -1 `"in.'



94

111 Note that these results on the EIB and BSBI analyses also support the validity
of the IRA Yellow Version students' pre to post gains presented and discussed
in Objective 3A.

With respect to the posttest biology content instrument, CFE, student mean
scores for the non-IRA-Yellow Version group significantly exceeded the scores
for tho IRA-Yellow version group. This finding should be interpreted in terms
of the differences in the two student groups on DAT scores (Verbal and Numerical)s
the standard error of measurement reported in the CFE Manual and the quantity of
content coverage in the IRA Yellow Version Groups.

Part of this difference may be due to the significant differences in the DAT
scores (Verbal and Numerical) reported on Table 6-1 ohich was significantly
higher for the non-IRA Yellow Version group.

Another factor to consider is that the difference in the mean scores for the
two groups (2.95) is within the standard error of measurement (3.1 to 3.3)
reported in the CFE Manual.

It is possible that some of the difference in the obtained scores can be
attributed to measurement error andsdoes not represent "true" difference in the
Scores of the two groups.

Note, that the first two IRA themes treat 41 percent of the chapters in the
BSBS Yellow Version text; the majority of IRA Yellow Version teachers completed
only 11 percent of Theme III activities. The low extent of biology content
treatment indicated by this information, plus IRA teachers own statements that
content treatment was reduced from previous years when IRA was not used, indicate
that the lower CFE scores may be due in part to reduced biology content treatment.
(Interviews of both IRA teachers and non-IRA teacners in previous IRA studies
showed that IRA teachers treated at least 25 percent fewer text chapters than
non-IRA; it is reasonable to assume that this disparity of treatment also existed
in the 1972-73 field test study.)

In light of the probable disparity of content treatment and differences in CFE

posttest scores, it can be implied that in using the IRA program and in thereby
expanding course objectives to include cognitive inquiry and affective quJities
development, teachers must be aware that some reduction in the scope of
biology content treated may be necessary. It should be pointed out, however,
that in previous studies (1969-70, 1971-72) IRA classes scored significantly
higher on CFE posttests than non-equivalent non-IRA classes, groups with
equivalent DAT scores were used in these studies.

The Yellow Version IRA groups scored significantly higher than Blue Version

IRA groups on CFE scores. There appears to be no particular reason to believe
that differences in DAT scores, measuring error, or differences in the treatment
of subject matter coverage in the course should account for these differences.

Also previous experience in studies conducted in local IRA Blue Version classes

have shown that the students scored much higher than found in this study..,

Part of the difference can probably be attributed to fifty percent of the
students included in the Blue Version sample for CFE being 9th graders. Based

on previous experience with 9th grade students the investigators as well as

the CFE Manual authors have found considerable differences in scores favoring

10th graders. Otherwi,, 4n the(-.P rer:ulte,. remain unexplained.
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In summary, the students of IRA Yellow Version teachers have shown significantly
higher posttest scores on instruments measuring cognitive inquiry skills and
affective qualities of inquiry than students of non-IRA Yellow Version teachers,
This suggests that the IRA program is an effective teaching methodology for
the developmeQt of cognitive inquiry and affective qualities of inquiry.
Students of non-IRA Yellow Verslon teachers have shown significantly higher
posttest scores on an instrument measuring biolo9y content knowledge than
students of IRA Yellow Version teachers. This difference may be due in
part to non-equivelent verbal and numerical abilities of the IRA and non-IRA
students, error in measurement and to the prohable disparity in biology
content treated in the IRA ald non-IRA classes. This result is also not
consistent with results of two previous studies.

The Yellow Version IRA classes have shown significantly higher posttest
scores on the CFE instrument than the Blue Version IRA classes. Other than
the grade level difference in the two groups the results appear inconsistent
with past studies.
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Objective 7

Objective 7 - To determine what revisions in the program materials
are indicated by the teacher responses.

Hypotheses 7 - None; this is a descriptive objective.
Information for the revision recommendations will be taken
primarily from sections 3, 4, 5 and 7 of the Teacher's Log
and secondarily from other records of teacher feedback
(reports from on-site visits, memoranda and letters from
teachers, notes regarding telephone or personal communication
with teachers, etc.)

Data Analysis/Results: All field test teachers were asked to complete a
TiRier's Log form following performance of each Inquiry Role Approach
activity.

ACiitl,, JIMPLL'EU

if ant Tat or 1' 0 the activity oat uteri,
circle Les, ,f no part of the activity wit
used, circle

Yet 40

2. INCLASS TIME Si' ON 401y:re nitwits

Indicate tine in minutes to the nearest

ten minutes that you and your students
toWnt in OM on this activity

3. RNIIICArldNS :4 Activity PROCEDURES

If you followed the procedure! withOut any
modifications, circle no: !I you modified
Coy pert Or omitteo a pert, circle L.

4 ExPLAlk THE 4301I'CMIONS YIU MADE AND WHY

Yet b0..

S AsEa.A, :Eamon%

live-inj'react1r.1 yOu have to the activity, training or the _roorr,
meou!....ments !nc..cie your opin,ons on the activity sequenceshould

nave been .1 icur., or preCedtd by another itt,vity, would feu
toqoett annt'er sequerce,

A. SPECIFIC REACTIONS TO PRE. AND IN. CLASS INSTRUCTIONS.

n8 SPECIFIC REACTIONS TO STUDENT MATERIALS:

6. PERCENTAGE OF STUDENTS RESTING CRITERIA FOR 08JECTIVES:

Estimate the percentage Of students whO re4Ched the ci aria
specified in the oejectives.

HOW COULD tnI5 ACTIvITv at :OPINED'

SoleSt how this act'vtty could he Improved tc better meet the
spec sled objectives Dr objectives you would include.

Information contained in the Teacher's Log report enabled the field test
staff to:

a. Sense the degree of implementation enroute during the field test and
to determine orrasional need for special onsite monitoring and for other
contact with 3- c.'
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b. Compile a record of teacher and student performance on an activity-
by-activity basis for later summary.

Upon completion of the field test the log data were summarized and this
information provided input for decisions on deletion, revision, or other
modification of Inquiry Role Approach activities. The summary process was
as follows: Each Teacher's Log was read and comments relative to Objective 7
of the field test were recorded on a blank Teacher's Log, referred to as
data log. An Activity Summary Form was then developed to record summaries
of the information from the data logs.

ACTIVITY SU MMARY FOAM

Activity Nu.

Percent of teachers who did the aCtivity in whole Or part

Percent of teachers perforMing tho activity who reported students met criteria

Average percent of students meeting objectives based on teacher logs or from tither
ccenunications___.

Sumnary of feedback from teacher logs or other cowounications.

Modifications made and why:

General Reactions:

Specific Reactions to Pre- cnd In-Class Instructions!

Specitic Reactions to Student Materials:

- over -



ACTIVITY SUMMARY FORM, p. 2

'it.itut 0 Activity Activity No

vdIP di

wow could 0 tivity he improved'

Dr" and .tructions

Student Naterials

Change sequence

Split into two or more activities

Combine with other activity(ies)
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Four field test staff were involved in the summary process, two staff members
summarized data logs from all activities, two other staff members summarized
data logs from separate groups of activities. The result was that all data
logs were summarized by at least three staff members. The output wes then
combined into two charts: Activity Summary Chart A and Activity Summary
Chart B.

In reviewing Activity Summary Chart A the reader should note that column 2,
"Number of Activity-Performing Teachers Who Reported Percent of Students
Meeting Criteria" is usually different from the total number of teachers
reporting in column 1. The.'efore, the figures in column 3 are based on varying
population sizes dependent on the number of teachers who actually reported
student criterirm performance in their log reports to McREL. A draft of the
second chart "Activity Summary Chart B" was prepared based on activities
summaries (as described above) and circulated back to the fur staff members
who prepared the summaries for review to determine if the decisions noted
for each activity number accurately reflected their opinion of the meaning

of the teacher logs. A conference was then attended by all staff members
involved in the log summary process to finalize Activity Summary .Chart B
and agree on the specific nature of recommendations by a review of teacher
participant logs.
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During the summarizing ocgss, the field test staff occasionally encountered
a collection of 'teacher log responses on a given activity ranging from "very
specific and clear as usual" to "students needed a lot of explanation..." in
the general reactions section. (These quotes are taken from Activity 117 log,
category 5: general reactions.) In the event of wide variance of this sort,
the investigators used as primary input to determining the overall quality
of an activity, the figures as recorded in Activity Summary Chart A. It was
significant that in such situations a wide variance of teacher reaction was
usually associated with entries of 6 and above for column 2 and 7 and above
for column 3. The decision was reached to leave such activities substantially
unchanged or else provide for minor changes for clarification. 'However, major
changes of substance, sequence changes, or combinations were not recommended
in such cases.

Theme III Activities: It is important to note that no previously inexperienced
IRA teachers reported data on Theme III. The previously experienced teachers
did report on use of Theme III. This theme is very "open" in its provision
of optional activities and a completely unstructured LEIB. Due, therefore,
to diminishing log returns for Theme III only Chart A figures are given. The
data base is not sufficient to generate specific recommendations for revision,
hence entries are not made in Chart B for this theme.

Interpretation: Of the thirty six activities included in Activity Summary
775EB775TITTeen require major changes. It should be noted, however, that
changes generally dealt with better directions to the teacher (more direction
to execute activity, more accurate time estimates, more complete discussion
of expected student outcomes or assessment of outcomes, etc.) or changes in
clarity or usefulness in student materials (shorten student forms, clarify
statements, etc.). R:,^ommendations to delete activities or major parts of
activities, to redirect the activity to new goals, to substitute other
activities, etc., were only suggested in resporise to the introductory activities,
101 to 105. Even when such changes were suggested, common elements of an
initial orientation to the IRA program were found in all teacher suggested
revisions.

Teacher feedback suggests that the IRA materials were found to be adequate
for implementation in the classroom and generally satisfactory to teachers in
terms of usability.
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e
l
e
c
t
i
o
n
s
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i
e
s
t
l
e
y
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V
a
n

:
i
m
o
n
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1
0

6
8
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3
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t
r
o
d
u
c
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.
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t
o
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y
r
t
h
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s
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s
p
i
r
a
t
i
o
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1
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6
_

7
0
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5

5
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P
.
d
e
r
s
t
a
n
d
i
n
g

:
a
s
i
c
 
C
h
e
m
i
s
t
r
y
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0

6
7
1
6
6
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:
-
v
i
n
g
 
C
h
e
m
i
s
t
r
y

1
0

.
7

7
9
.
4
2

7
y
s
i
o
l
o
g
y
 
o
f
 
C
e
l
l
s

1
0

6
8
5
.
1
6

3
n
e
 
L
i
v
i
n
g

'
h
e
m
i
s
t
r
y
 
o
f
 
C
e
l
l
s

1
0

7
.

7
8
.
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9
-

g
l
a
n
t
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a
n
d
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h
o
t
o
s
y
n
t
h
e
s
i
s
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.

9
4

8
0
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7
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C
h
e
m
i
s
t
r
y
 
i
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C
e
l
l
s
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o
f
 
r
h
o
t
o
s
y
n
t
h
e
t
i
c

a
n
t
s

9
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8
0
.
8
0

1
L
a
b
o
r
a
t
o
r
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E
x
p
l
o
r
-

a
t
i
o
n
s
 
i
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B
i
o
l
o
g
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e
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t
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N
u
m
b
e
r
 
a
n
d
 
T
i
t
l
e

_
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_

N
u
m
b
e
r
 
o
f
 
T
e
a
c
h
e
r
s

P
e
r
f
o
r
m
i
n
g
 
A
c
t
i
v
i
t
y

i
n
 
W
h
o
l
e
 
o
r
 
P
a
r
t

N
u
m
b
e
r
 
o
f
 
A
c
t
i
v
i
t
y
-
P
e
r
f
o
r
m
i
n
g

T
e
a
c
h
e
r
s
 
W
h
o
 
R
e
p
o
r
t
e
d
 
P
e
r
c
e
n
t

o
f
 
S
t
u
d
e
n
t
s
 
M
e
e
t
i
n
g
 
C
r
i
t
e
r
i
a

-
5
i
-
 
%
 
o
f
 
S
t
u
d
e
n
t
s
 
M
e
e
t
i
n
g

C
r
i
t
e
r
i
a
 
B
a
s
e
d
 
o
n
 
T
e
a
c
h
e
r

L
o
g
s
 
o
r
 
O
t
h
e
r
 
C
o
m
m
u
n
i
c
a
t
i
o
n

2
:
2
 
C
l
a
s
s
 
P
r
e
s
e
n
t
a
t
i
o
n

o
f
 
L
E
I
B
 
2

8
3

.

9
0
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'
'
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R
e
p
l
a
n
n
i
n
g
 
L
E
I
B
 
2

3
4

2
8
5
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T
h
e
m
e
 
I
I
 
A
s
s
e
s
s
m
e
n
t

5
1

7
5

;
.
,
 
T
e
s
t
i
n
g
 
o
n
 
C
l
a
s
s

P
r
o
c
e
d
u
r
e
s

*
X
X
X

.
X
X
X

X
X
X

(
.
'
J
 
G
a
n
e
r
a
T

X
X
X

,

X
X
X

X
X
X

1
S
e
t
t
i
n
g
 
G
o
a
l
s

F
o
r
 
T
h
e
m
e
 
I
I
I

2
2

7
0

:
2
 
I
n
t
r
o
d
u
c
t
i
o
n
 
t
o

L
E
I
B
 
3

2
2

7
7
.
5

.

,
3
 
S
u
g
g
e
s
t
e
d
 
P
r
e
-
L
E
I
B

A
c
t
i
v
i
t
i
e
s

2
2

8
1
.
5
0

-

.
.
'
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I
n
q
u
i
r
y
 
I
n
t
o
 
I
n
q
u
i
r
y

1
1

6
0

:
3
:
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L
a
b
o
r
a
t
o
r
y
 
E
x
p
l
o
r
-

a
t
i
o
n
s
 
i
n
 
B
i
o
l
o
g
y

:
.

X
X
X

X
X
X

3
 
.
3
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C
l
a
s
s
 
P
r
e
s
e
n
t
a
t
i
o
n

o
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L
E
I
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3
0
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R
e
p
l
a
n
n
i
n
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L
E
I
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3
0
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T
h
e
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I
I
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A
s
s
e
s
s
m
e
n
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3
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P
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s
t
-
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s
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n
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T
H
E
M
E
 
I

A
C
T
I
V
I
T
Y
 
S
U
M
M
A
R
Y
 
C
H
A
R
T
 
B

R
e
c
o
m
m
e
n
d
a
t
i
o
n
s
 
f
o
r
 
a
c
t
i
v
i
t
y
 
r
e
v
i
s
i
o
n

b
a
s
e
d
 
o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f

t
e
a
c
h
e
r
 
l
o
g
s
.

A
c
t
I
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

U
n
c
h
a
n
g
e
d

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

C
l
a
r
i
f
i
c
a
t
i
o
n

M
a
j
o
r
 
C
h
a
n
g
e
s
 
o
f

S
u
b
s
t
a
n
c
e

C
o
m
b
i
n
e

C
o
m
m
e
n
t
s

1
0
1

1
0
2

1
0
3

,

4
.
_

1
.
 
S
p
r
e
a
d
 
t
e
s
t
i
n
g

o
v
e
r

s
e
v
e
r
a
l
 
w
e
e
k
s
 
w
i
t
h

k
n
o
w
l
e
d
g
e
 
t
h
a
t
 
B
S
B
I

a
n
d
 
V
 
&
P
.
 
-
C
 
a
r
e
 
m
o
s
t

a
f
f
e
c
t
e
d
 
b
y
 
d
e
l
a
y
.

1
.
 
I
n
d
i
c
a
t
e
 
o
t
h
e
r
 
f
i
l
m
-

l
o
o
p
s
 
t
h
a
t
 
c
a
n
 
b
e

s
u
b
s
t
i
t
u
t
e
d
 
t
h
a
t

h
a
v
e
 
c
o
m
p
a
r
a
b
l
e

v
a
l
u
e
 
t
o
 
r
e
a
c
h
 
s
a
m
e

o
b
j
e
c
t
i
v
e
 
a
n
d
 
g
i
v
e

g
u
i
d
e
l
i
n
e
s
 
t
o
 
u
s
e

s
u
b
s
t
i
t
u
t
e
,

2
.
.
 
A
n
 
a
d
d
i
t
i
o
n
a
l

p
e
r
i
o
d
 
m
a
y
 
b
e

n
e
e
d
e
d
.

1
.
 
T
h
i
s
 
a
c
t
i
v
i
t
y
 
m
o
d
i
-

f
i
e
d
 
i
n
 
d
i
f
f
e
r
e
n
t

w
a
y
s
 
i
n
 
f
i
e
l
d
 
t
e
s
t
.

T
h
e
r
e
f
o
r
e
 
i
t
 
c
a
n
 
b
e

o
p
t
i
o
n
a
l
 
o
r
 
s
u
b
j
e
c
t

t
o
 
t
e
a
c
h
e
r
 
m
o
d
i
f
i
c
a
-

t
i
o
n
.

T
h
e
s
e
 
c
o
m
m
e
n
t
s
 
a
p
p
l
y

t
o

A
c
t
i
v
i
t
i
e
s
 
1
0
1
 
t
h
r
u
 
1
0
4
:

T
h
e
s
e
 
a
c
t
i
v
i
t
i
e
s
m
a
y
 
b
e
 
v
a
r
i
e
d

i
n
 
s
e
q
u
e
n
c
e
 
p
r
o
v
i
d
e
d
 
t
h
a
t

1
0
1

t
e
s
t
i
n
g
 
c
o
m
e
s
 
f
i
r
s
t
 
(
c
e
r
t
a
i
n

t
e
s
t
s
)
 
a
n
d
 
i
s
 
t
h
e
n

i
n
t
e
r
m
i
n
g
l
e
d
.

E
i
t
h
e
r
 
1
0
2
 
i
s
 
e
l
i
m
i
n
a
t
e
d

a
n
d
/
o
r

1
0
3
 
s
h
o
r
t
e
n
e
d
,
 
e
l
i
m
i
n
a
t
e
d
,

o
r

d
e
l
a
y
e
d
 
s
o
 
a
s
 
t
o
 
h
e
 
t
h
e
 
f
o
u
r
t
h

a
c
t
i
v
i
t
y
.

T
h
e
s
e
 
c
h
a
n
g
e
s

w
e
r
e

m
a
d
e
 
b
y
 
i
n
d
i
v
i
d
u
a
l
 
a
n
d

g
r
o
u
p
s

o
f
 
"
s
u
c
c
e
s
s
f
u
l
l
y
 
i
m
p
l
e
m
e
n
t
i
n
g

t
e
a
c
h
e
r
s
.
"

I
f
 
P
r
e
 
t
e
s
t
s
 
a
r
e
 
a
d
m
i
n
i
s
t
e
r
e
d

o
v
e
r
 
s
e
v
e
r
a
l
 
a
c
t
i
v
i
t
i
e
s
 
t
h
e

l
i
m
i
t
a
t
i
o
n
s
 
w
i
l
l
 
b
e
 
n
o
t
e
d
.

.

.

.

-



A
C
T
I
V
I
T
Y
 
S
U
M
M
A
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Y
 
C
H
A
R
T
 
B

R
e
c
o
m
m
e
n
d
a
t
i
o
n
s
 
f
o
r
 
a
c
t
i
v
i
t
y
 
r
e
v
i
s
i
o
n
 
b
a
s
e
d
 
o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
t
e
a
c
h
e
r
 
l
o
g
s
.

A
c
t
i
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

U
n
c
h
a
n
g
e
d

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

C
l
a
r
i
f
i
c
a
t
i
o
n

M
a
j
o
r
 
C
h
a
n
g
e
s
 
o
f

S
u
b
s
t
a
n
c
e

C
o
m
b
i
n
e

C
o
m
m
e
n
t
s

1
0
4

1
.
 
R
e
w
r
i
t
e
 
"
L
o
s
t
 
o
n

M
o
o
n
"
 
t
o
 
s
o
m
e
 
t
o
p
i
c

n
e
a
r
e
r
 
t
o
 
b
i
o
l
o
g
y

a
n
d
 
d
e
v
e
l
o
p
 
i
n
t
r
o
-

d
u
c
t
i
o
n
 
t
o
 
r
o
l
e
s
 
i
n

d
i
s
c
u
s
s
i
c
:
.
 
f
o
l
l
o
w
-

i
n
g
 
"
L
o
s
t
 
o
n
.
.
.
"

.

2
.
 
R
e
t
u
r
n
 
t
o
 
o
r
i
g
i
n
a
l

i
d
e
a
 
o
f
 
h
a
v
i
n
g
 
e
n
-

t
i
r
e
 
c
l
a
s
s
 
g
o
 
t
h
r
u

p
r
o
b
l
e
m
s
 
a
s
 
i
n
d
i
-

v
i
d
u
a
l

v
i
d
u
a
l
 
f
i
r
s
t
,
 
t
h
e
n

a
s
 
a
 
g
r
o
u
p
.

.

3
.
 
R
e
v
i
s
e
 
a
s
s
e
s
s
m
e
n
t

f
o
r
m
 
1
0
4
-
5
 
a
c
c
o
r
d
-

i
n
g
l
y
.

C
o
m
b
i
n
e

e
s
s
e
s
s
m
e
n

f
o
r
m
 
w
i
t
h

.

4
.
 
F
o
r
m
 
1
0
4
-
7
 
i
s
 
r
e
-

v
i
s
e
d
 
i
n
 
a
c
c
o
r
d
a
n
c
e

w
i
t
h
 
#
2
 
a
b
o
v
e
.

1
0
5
-
3
.

1
0
5

1
.
 
R
e
v
i
s
e
 
1
0
5
-
3
 
a
s

n
e
c
e
s
s
i
t
a
t
e
d
 
b
y

c
o
m
b
i
n
a
t
i
o
n
.

C
o
m
b
i
n
e

w
i
t
h
 
1
0
4
.

1
0
6

1
.
 
L
i
n
k
 
m
o
r
e
 
c
l
o
s
e
l
y

w
i
t
h
 
l
a
b
-
t
e
x
t
 
m
a
-

t
e
r
i
a
l
 
i
f
 
"
o
l
d

l
a
b
"
 
i
s
 
u
s
e
d
.

2
.
 
C
h
o
o
s
e
 
a
 
s
i
m
p
l
e
-

l
a
b
 
e
x
e
r
c
i
s
e
.

A
d
m
i
n
i
s
t
e
r
 
r
o
l
e
 
q
u
i
z

f
o
l
l
o
w
i
n
g
 
l
a
b
o
r
a
t
o
r
y

.

t
e
x
p
e
r
i
e
n
c
e

r
a
t
h
e
r
 
t
h
a
n

.
!
p
r
i
o
r
 
t
o
 
i
t
.



11
0

S
.

A
C
T
I
V
I
T
Y
 
S
U
M
M
A
R
Y
 
C
H
A
R
T
 
B

.

R
e
c
o
m
m
e
n
d
a
t
i
o
n
s
 
f
o
r
 
a
c
t
i
v
i
t
y
 
r
e
v
i
s
i
o
n
 
b
a
s
e
d
 
o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
t
e
a
c
h
e
r
 
l
o
g
s
.

A
c
t
i
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

U
n
c
h
a
n
g
e
d

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

C
l
a
r
i
f
i
c
a
t
i
o
n

M
a
j
o
r
 
C
h
a
n
g
e
s
 
o
f

S
u
b
s
t
a
n
c
e

C
o
m
b
i
n
e

C
o
m
m
e
n
t
s

1
0
7

S
i
m
p
l
i
f
y
 
t
h
e
 
i
n
q
u
i
r
y

g
u
i
d
e
 
i
n
 
t
h
e
 
f
o
l
l
o
w
i
n
g

w
a
y
s
:

1
.
 
W
o
r
d
 
t
h
e
 
i
n
t
e
r
p
r
e
-

t
a
t
i
o
n
s
 
s
o
 
t
h
e
y

s
t
a
t
e
 
t
h
e
 
c
o
n
c
e
p
t

a
n
d
 
s
h
o
w
 
d
i
r
e
c
t
i
o
n
,

i
.
e
.
,
 
t
h
e
y
 
a
r
e

f
a
l
s
e
 
w
h
e
n
 
t
h
e

s
t
a
t
e
m
e
n
t
 
i
s
 
f
a
l
s
e
,

e
t
c
.

T
h
e
 
i
n
t
e
r
p
r
e
-

t
a
t
i
o
n
 
s
h
o
u
l
d
 
n
o
t

n
e
c
e
s
s
a
r
i
l
y
 
b
e
 
i
n

q
u
e
s
t
i
o
n
 
f
o
r
m
.

I
n
 
s
t
a
t
e
m
e
n
t
 
B
,
 
i
n
-

s
e
r
t
 
w
o
r
d
 
"
o
n
l
y
.
"

3
.
 
I
n
 
s
t
a
t
e
m
e
n
t
 
C
 
c
o
n
-

s
i
d
e
r
,
 
"
T
h
e
 
s
t
u
-

d
e
n
t
s
 
c
o
u
l
d
 
a
c
c
e
p
t

t
h
e
 
o
u
t
s
i
d
e
 
t
e
m
p
e
r
-

a
t
u
r
e
 
a
s
 
f
a
c
t
s
 
b
u
t

i
t
 
s
h
o
u
l
d
 
n
o
t
 
b
e

c
o
n
s
i
d
e
r
e
d
 
a
s
 
d
a
t
a
.
"

I
n
t
e
r
p
r
e
t
a
t
i
o
n
:

"
A
l
l
 
f
a
c
t
s
 
a
r
e
 
n
o
t

c
o
n
s
i
d
e
r
e
d
 
t
o
 
b
e

d
a
t
a
.
"

4
.
 
C
h
e
c
k
 
t
e
x
t
b
o
o
k
 
o
n

u
s
e
 
o
f
 
p
l
a
s
m
o
d
i
u
m
.

C
h
a
n
g
e
 
i
n
t
e
r
p
r
e
t
a
-

t
i
o
n
 
o
f
 
"
D
"
 
i
n

1
0
7
-
2
 
t
o
 
s
t
a
t
e
m
e
n
t
,
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R
e
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o
r
w
r
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e
n
d
a
t
i
o
r
s
 
f
o
r
 
a
c
t
i
v
i
t
y
 
r
e
v
i
s
i
o
n
 
b
a
s
e
d

o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
t
e
a
c
h
e
r
 
l
o
g
s
.
.

A
c
t
i
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

U
n
c
h
a
n
g
e
d

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

I
M
a
j
o
r
 
C
h
a
n
g
e
s
 
o
f

C
l
a
r
i
f
i
c
a
t
i
o
n

S
u
b
s
t
a
n
c
e

1
0
7

(
c
o
n
t
)

4
.
 
(
c
o
n
t
)

"
A
n
 
i
n
q
u
i
r
y
 
p
r
o
c
e
s
s

i
s
 
c
o
m
p
l
e
t
e
d
 
b
y

f
o
r
m
i
n
g
 
a
 
c
o
m
p
l
e
t
e

h
y
p
o
t
h
e
s
i
s
-
-
o
n
e

w
h
i
c
h
 
i
n
c
l
u
d
e
s
 
b
o
t
h

a
n
 
e
x
p
l
a
n
a
t
i
o
n
 
o
f

k
n
o
w
n
 
f
a
c
t
s
 
a
n
d
 
a

p
r
e
d
i
c
t
i
o
n
.
"

5
.
 
T
a
k
e
 
i
n
f
e
r
e
n
c
e
 
E

a
n
d
 
a
p
p
l
i
c
a
t
i
o
n

q
u
e
s
t
i
o
n
 
o
u
t
 
o
f

s
t
u
d
e
n
t
 
m
a
t
e
r
i
a
l

a
n
d
 
p
u
t
 
i
t
 
i
n

T
e
a
c
h
e
r
'
s
 
M
a
n
u
a
l

f
o
r
 
"
p
o
w
e
r
f
u
l

s
t
u
d
e
n
t
s
.
"

A
n

o
p
t
i
o
n
 
m
i
g
h
t
 
b
e
 
t
o

o
f
f
e
r
 
i
t
 
f
o
r
 
g
r
o
u
p

w
o
r
k
.

6
.
 
M
a
t
e
r
i
a
l
s
 
1
0
7
-
4

n
e
e
d
s
 
t
o
 
b
e
 
u
s
e
d

o
n
c
e
,
 
1
0
7
-
7
 
c
o
u
l
d

b
e
 
e
l
i
m
i
n
a
t
e
d
.

7
.
 
O
n
 
1
0
7
-
9

-
-
 
N
o
.
 
2

(
d
r
o
p
 
p
o
i
n
t
 
N
o
.
 
3
)
.

8
.
 
O
n
 
1
0
7
-
9
 
-
-
 
N
o
.
 
2
,

r
e
w
o
r
d
 
p
r
e
s
e
n
t
 
p
o
i
n

N
o
.
 
4
 
t
o
:
 
"
O
r
g
a
n
i
z
e

t
h
e
s
e
 
k
e
y
 
w
o
r
d
s
 
i
n
t

y
o
u
r
 
s
t
a
t
e
m
e
n
t
 
p
r
e
-

s
e
n
t
i
n
g
 
t
h
L
 
s
a
m
e

b
a
s
i
c
 
i
s
s
u
e
 
p
r
e
-

s
e
n
t
e
d
 
i
n
 
i
n
q
u
i
r
y

g
u
i
d
e
 
s
t
a
t
e
m
e
n
t
.
"

C
o
m
b
i
n
e

C
o
m
m
e
n
t
s
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S
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C
H
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B

R
e
c
o
m
m
e
n
d
a
t
i
o
n
s
 
f
o
r
 
a
c
t
i
v
i
t
y
 
r
e
v
i
s
i
o
n
 
b
a
s
e
d
 
o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
t
e
a
c
h
e
r
 
l
o
g
s
.

A
c
t
i
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

U
n
c
h
a
n
g
e
d

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

C
l
a
r
i
f
i
c
a
t
i
o
n

M
a
j
o
r
 
C
h
a
n
g
e
s
 
o
f

S
u
b
s
t
a
n
c
e

C
o
m
b
i
n
@

C
o
m
m
e
n
t
s

.

1
0
7

9
.
 
O
n
 
1
0
7
-
9
 
-
-
 
R
e
w
o
r
d

(
c
o
n
t
)

N
o
.
 
4
 
a
s
 
f
o
l
l
o
w
s
:

-

"
S
e
a
r
c
h
 
f
o
r
 
i
n
f
o
r
-

m
a
t
i
o
n
 
u
s
i
n
g
 
t
h
e

r
e
f
e
r
e
n
c
e
s
 
g
i
v
e
n
 
t
o

s
u
p
p
o
r
t
 
o
r
 
r
e
f
u
t
e

t
h
e
 
i
s
s
u
e
 
i
n
 
t
h
e

i
n
t
e
r
p
r
e
t
a
t
i
o
n
.
"

.

1
0
.
0
n
 
1
0
7
-
9
 
-
-
 
N
o
.
 
5

t
o
 
b
e
 
r
e
w
o
r
d
e
d
.

1
0
8

X

1
0
9

1
.
 
P
u
t
 
i
n
 
t
e
a
c
h
e
r
'
s

m
a
t
e
r
i
a
l
s
 
i
n
-

r
,

s
t
r
u
c
t
i
o
n
s
 
t
o

p
r
e
p
a
r
e
 
s
e
c
o
n
d

s
e
t
 
o
f
 
c
u
l
t
u
r
e
s

s
o
 
t
h
e
r
e
 
i
s
 
n
o
t

a
t
t
r
i
t
i
o
n
 
f
r
o
m

l
o
n
g
 
d
e
l
a
y
 
f
r
o
m

f
i
r
s
t
 
l
a
b
o
r
a
t
o
r
y
.

1
1
0

1
.
 
O
b
j
e
c
t
i
v
e
s
 
p
o
s
-

s
i
b
l
y
 
n
e
e
d
 
t
o
 
b
e

r
e
w
r
i
t
t
e
n
 
f
o
r

s
t
u
d
e
n
t
s
.
 
T
e
a
c
h
e
r
s

n
o
t
 
h
a
v
i
n
g
 
a
c
c
e
s
s

t
o
 
h
e
m
o
c
y
t
o
m
e
t
e
r
s

s
i
l
u
u
l
d
 
h
a
v
e
 
o
p
t
i
o
n

s
u
g
g
e
s
t
e
d
 
o
f
 
u
s
i
n
g

h
i
g
h
 
p
o
w
e
r
 
e
s
t
i
m
a
-

t
i
o
n
 
w
i
t
h
 
d
i
r
e
c
t
i
o
n
s

f
o
r
 
u
s
i
n
g
 
t
h
i
s

p
r
o
c
e
d
u
r
e
 
i
n
 
a
n
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B

R
e
c
o
m
m
e
n
d
a
t
i
o
n
s
 
f
o
r
 
a
c
t
i
v
i
t
y
 
r
e
v
i
s
i
o
n
 
b
a
s
e
d
 
o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
t
e
a
c
h
e
r
 
l
o
g
s
.

A
c
t
i
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

U
n
c
h
a
n
g
e
d

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

C
l
a
r
i
f
i
c
a
t
i
o
n

M
a
j
o
r
 
C
h
a
n
g
e
s
 
o
f

S
u
b
s
t
a
n
c
e

C
o
m
b
i
n
e

C
o
m
m
e
n
t
s

1
1
0

(
c
o
n
t
)

1
1
1

1
1
2

.

.

.

.
(
c
a
n
t
)

o
p
t
i
m
u
m
 
w
a
y
.
 
O
t
h
e
r
-

w
i
s
e
,
 
k
e
e
p
 
i
n

p
r
e
s
e
n
t
 
h
e
m
o
c
y
t
o
-

m
e
t
e
r
 
m
a
t
e
r
i
a
l
.

1
.
 
C
l
a
r
i
f
y
 
t
h
e

d
i
r
e
c
t
i
o
n
s
 
t
o

a
l
l
o
w
 
t
e
a
c
h
e
r
s
 
t
o

f
o
l
l
o
w
 
v
a
r
i
o
u
s

l
i
n
e
s
 
o
f
 
d
i
s
c
u
s
 
-

S
i
o
n
 
a
s
 
s
u
g
g
e
s
t
e
d

b
y
 
s
t
u
d
e
n
t
s
.

. 1
.
 
A
d
v
i
s
e
 
t
e
a
c
h
e
r
s
 
t
o

p
r
e
p
a
r
e
 
n
e
w
 
c
u
l
t
u
r
e
s

e
a
c
h
 
d
a
y
.

I
n
s
t
r
u
c
-

t
i
o
n
s
 
b
e
 
g
i
v
e
n
 
t
o

a
v
o
i
d
 
e
x
p
e
c
t
i
n
g

t
o
o
 
m
u
c
h
 
p
e
r
f
e
c
t
i
o
r

o
n
 
a
c
t
i
v
i
t
i
e
s
.

M
o
v
e
 
a
l
o
n
g
-
-
c
h
e
c
k

m
i
c
r
o
b
i
o
l
o
g
y
 
(
l
a
b

b
l
o
c
k
)
 
f
o
r
 
s
a
m
e
n
e
s
4

4
4
i
 
t
 
h
 
1
1
2
 
3
-
 
A
 
4
1
2
 
4
1

.

1
.
 
N
e
e
d
 
s
o
m
e
 
i
n
s
t
r
u
c
-
-

t
i
o
n
s
 
f
o
r
 
t
e
a
c
h
e
r
s

o
n
 
c
a
r
e
 
a
n
d
 
u
s
e
 
o
f

h
e
m
o
c
y
t
o
m
e
t
e
r
s
.

T
e
a
c
h
e
r
 
s
h
o
u
l
d
 
p
r
e
-

t
e
a
c
h
 
t
h
e
 
T
A
'
s
 
o
n

u
s
e
 
o
f
 
h
e
m
o
c
y
t
o
-

m
e
t
e
r
 
a
n
d
 
a
l
s
o
 
g
i
v
e

T
A
'
s
 
a
 
s
a
m
p
l
e
 
d
i
-

v
i
s
i
o
n
 
o
f
 
w
o
r
k
 
f
o
r

t
e
a
m
 
m
e
m
b
e
r
s
.

.
.

.

.
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o
r
 
a
c
t
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v
i
t
y
 
r
e
v
i
s
i
o
n
 
b
a
s
e
d

o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
t
e
a
c
h
e
r
 
l
o
g
s
.

'
A
c
t
i
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

U
n
c
h
a
n
g
e
d

C
l
a
r
i
f
i
c
a
t
i
o
n

M
a
j
o
r
 
C
h
a
n
g
e
s
 
o

S
u
b
s
t
a
n
c
e

C
o
m
b
i
n
e

C
o
m
m
e
n
t
s

1
1
2

.

(
c
o
n
t
)

1
1
3

1
1
4

I
n
s
e
r
t
 
a
 
p
a
r
a
g
r
a
p
h

o
n
 
p
r
e
p
a
r
a
t
i
o
n
 
o
f

y
e
a
s
t
 
c
u
l
t
u
r
e
s
.

R
e
t
a
i
n
 
t
h
i
s
 
t
y
p
e

o
f
 
a
c
t
i
v
i
t
y
 
b
u
t

s
u
b
s
t
i
t
u
t
e
 
a
n
o
t
h
e
r

l
a
b
 
t
h
a
t
 
i
s
 
n
o
t
 
s
o

d
i
f
f
i
c
u
l
t
 
i
n
 
t
e
r
m
s

o
f
 
e
q
u
i
p
m
e
n
t
 
r
e
-

q
u
i
r
e
d
.

I
n
q
u
i
r
y
 
G
u
i
d
e
 
s
h
o
u
t

b
e
 
c
o
n
d
e
n
s
e
d
 
t
o
 
5

s
t
a
t
e
m
e
n
t
s
.

A
l
l

a
p
p
l
i
c
a
t
i
o
n
 
q
u
e
s
t
i
o
 
s

s
h
o
u
l
d
 
b
e
 
d
i
s
c
u
s
s
e
d

i
n
 
t
e
a
m
w
o
r
k
.

T
h
e

c
o
g
n
i
t
i
v
e
 
a
s
s
e
s
s
-
.

m
e
n
t
 
r
e
s
p
o
n
s
e
 
k
e
y

s
h
o
u
l
d
 
i
d
e
n
t
i
f
y

c
e
r
t
a
i
n
 
r
e
s
p
o
n
s
e
s

w
h
e
r
e
 
T
 
a
n
d
 
F
 
a
r
e

e
q
u
a
l
l
y
 
a
p
p
r
o
p
r
i
a
t
e
.

*
O
n
-
s
i
t
e
 
v
i
s
i
t
s
 
i
n
d
i
c
a
t
e
d

s
t
u
-

d
e
n
t
s
 
(
a
n
d
 
t
e
a
c
h
e
r
s
)
 
f
e
l
t

t
o
o

m
u
c
h
 
p
a
p
e
r
 
i
n
 
T
h
e
m
e
 
I

w
a
s
 
c
o
n
-

c
e
r
n
e
d
 
w
i
t
h
 
r
o
l
e
s
;
 
s
t
u
d
e
n
t
s
 
d
i

n
o
t
 
k
n
o
w
 
w
h
i
c
h
 
r
o
l
e
 
s
h
e
e
t
s

t
o

f
o
l
l
o
w
 
s
i
n
c
e
 
"
n
e
w
"
 
s
h
e
e
t
s

w
e
r
e

c
o
n
t
i
n
u
a
l
l
y
 
b
e
i
n
g
 
i
s
s
u
e
d
.
 
T
h
i
s

s
u
g
g
e
s
t
s
 
a
 
r
e
v
i
e
w
 
o
f
 
r
o
l
e
 
d
e
-

v
e
l
o
p
m
e
n
t
 
i
n
 
1
0
6
,
 
1
0
7
,
 
1
1
4
,

a
n
d
 
1
1
8
 
a
n
d
 
a
n
 
a
t
t
e
m
p
t
 
t
o

r
e
-

d
u
c
e
 
a
n
d
 
c
l
a
r
i
f
y

p
a
p
e
r
s
,
 
r
e
l
a
t
e

t
o
 
r
o
l
e
s
.

1
1
4
 
r
o
l
e
 
w
o
r
k
 
i
s

p
a
r
t
i
c
u
l
a
r
l
y
 
l
o
n
g
 
a
n
d
 
i
n
v
o
l
v
e
d

a
n
d
 
(
e
x
c
e
p
t
 
f
o
r
 
s
p
e
c
i
a
l
 
p
r
o
b
l

s
h
e
e
t
s
)
 
a
p
p
e
a
r
s
 
t
o
 
d
u
p
l
i
c
a
t
e

A
c
t
i
v
i
t
y
 
1
0
7
 
p
a
p
e
r
s
.

*
T
h
e
s
e
 
c
o
m
m
e
n
t
s

a
r
e
 
b
a
s
e
d
 
c
n

o
n
-
s
i
t
e
 
v
i
s
i
t
 
r
e
c
o
r
d
s
 
a
n
d
/
o
r

o
t
h
e
r
 
f
e
e
d
b
a
c
k
 
a
v
a
i
l
a
b
l
e
 
a
t

M
c
R
E
L
.
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f
o
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a
c
t
i
v
i
t
y
 
r
e
v
i
s
i
o
n
 
b
a
s
e
d

o
n
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
t
e
a
c
h
e
r
 
l
o
g
s
.

A
c
t
i
v
i
t
y

N
u
m
b
e
r

S
u
b
s
t
a
n
t
i
a
l
l
y

U
n
c
h
a
n
g
e
d

M
i
n
o
r
 
C
h
a
n
g
e
s
 
f
o
r

C
l
a
r
i
f
i
c
a
t
i
o
n

M
a
j
o
r
 
C
h
a
n
g
e
s
 
o
f

S
u
b
s
t
a
n
c
e

C
o
m
b
i
n
e

C
o
m
m
e
n
t
s

.

1
1
5

1
.
 
R
e
w
o
r
d
 
N
o
.
 
8
 
o
n

1
.
 
R
e
d
u
c
e
 
l
e
n
g
t
h
 
o
f

.

1
1
5
-
3
.

F
o
r
m
 
1
1
5
-
3
.

.

2
.
 
1
1
5
-
1
 
-
 
S
u
g
g
e
s
t
e
d

k
e
y
 
a
s
s
e
s
s
m
e
n
t
 
a
t

b
o
t
t
o
m
 
o
f
 
p
.
 
2
.

.

S
h
o
u
l
d
 
r
e
a
d
 
"
r
e
-

s
p
o
n
s
e
s
 
f
r
o
m
 
h
y
p
o
-

t
h
e
t
i
c
a
l
 
s
i
t
u
a
-

t
i
o
n
"
 
s
t
r
i
k
e

.

"
s
u
g
g
e
s
t
e
d
 
k
e
y
"

w
o
r
d
i
n
g
.

3
.
 
P
r
o
v
i
d
e
 
d
i
r
e
c
t
i
o
n
s

t
o
 
t
e
a
c
h
e
r
 
t
o
 
u
s
e

r
e
s
p
o
n
s
e
s
 
f
r
o
m

o
t
h
e
r
 
c
l
a
s
s
e
s
 
a
s

a
 
m
o
d
e
l
 
f
o
r
 
c
l
a
s
s
e

.

n
o
t
 
d
o
i
n
g
 
w
e
l
l
.

1
1
6

X

1
1
7

X

1
1
8

1
.
 
G
i
v
e
 
r
e
a
l
i
s
t
i
c

t
i
m
e
 
e
x
p
e
c
t
a
t
i
o
n
.

*
T
e
a
c
h
e
r
s
 
i
n
d
i
c
a
t
e
d
 
t
h
a
t
 
t
h
e

1
1
8
 
r
o
l
e
 
s
h
e
e
t
 
(
w
h
i
c
h
 
c
o
m
p
a
r
e
d

e
a
c
h
 
r
o
l
e
'
s
 
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s

i
n
 
l
a
b
,
 
g
u
i
d
e
 
w
o
r
k
,
 
a
n
d
 
L
E
I
B

w
o
r
k
)
 
w
a
s
 
c
o
n
f
u
s
i
n
g
 
a
n
d
 
t
h
e
r
e
-

f
o
r
e
 
n
o
t
 
u
s
e
f
u
l
 
t
o
 
s
t
u
d
e
n
t
s
.

.
.

.

T
h
i
s
 
i
s
 
c
o
n
s
i
s
t
e
n
t
 
w
i
t
h
 
o
v
e
r
a
l
l

r
e
a
c
t
i
o
n
 
t
o
 
r
o
l
e
 
w
o
r
k
 
a
s
 
e
x
-

p
r
e
s
s
e
d
 
i
n
 
c
o
m
m
e
n
t
 
f
o
r
 
A
c
t
i
v
i
t
y

1
1
4
.
 
M
o
r
e
 
t
e
a
c
h
e
r
 
d
i
r
e
c
t
i
o
n
s

a
r
e
 
n
e
c
e
s
s
a
r
y
 
t
o
 
g
i
v
e
 
t
e
a
c
h
e
r
s
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Ex Post Facto Studies

Supplementary Objective 1

Supplementary Objective 1: To compare the percent of IRA classes emphasizing
the CAQ factors application, analysis, synthesis,
evaluation, discussion, independence, and
divergence, to the percent of average and gifted
classes emphasizing these factors.

Supplementary Hypothesis 1: None; this is a descriptive objective.

pAtaAlLylis4RtEults: Steele8 has reported studies which compare the
percent of gifted and average classes emphatizing factors identified on
the CAQ. Seven of the nine factors utilized for evaluation of IRA
implementation in the field test were included in Steele's report. The
percent of average and gifted classes emphasizing these seven factors,
and the percent of IRA classes emphasizing these factors, are given in
Table S1-1.

TABLE S1-1: Patterns of Instructional Climate of Average and Gifted
Classes (as reported by Steele) and of Inquiry Role Approach
Classes

CAQ DIMENSIONS FACTORS
PERCENT OF CLASSES EMPHASIZING' FACTOR

AVERAGE (N=69)

Higher Thought Application
Processes Analysis

Synthesis
Evaluation

Classroom
Focus Discussion

Classroom Independence

Climate Divergence

INO

58%

30%
28%
69%

GIFTED (N=62) IRA (N=8)*

52% 100%
81% 100%
40% 62%

31% 59%

89% 62%

76% 85%

97% 100%

*IRA teachers included are those who administered CAQ at the end of Theme II
as reported on Table 1-1 (see section on Objective 1).

As seen in Table S1-1, the percent of IRA classes emphasizing each factor
surpassed the percent of both average and gifted classes for all factors

except Discussion. The percent of IRA classes emphasizing Discussion
did, however, well exceed the percent of average classes emphasizing this

factor.

The data here represents results in classes of 12 IRA teachers. (Teachers 10
through 14 were, of course, treated as one entry; therefore N = 8 on
the table.) Three teachers did not administer the CAQ at the end of

Theme II.

Interpretation: In terms of patterns of instructional climate which
have been identified as important elements in an IRA class setting, IRA
classes performed well when comoared tr previously reported results for
average and aifte-4
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Supplementary Objective 2

Supplementary Objective 2: To determine whether there are significant
differences in student outcomes in biology
content knowledge, cognitive inquiry skills
and affective qualities of inquiry between
students of IRA Yellow Version teachers
with previous IRA experience and students
of IRA Yellow Version teachers without previous
IRA experience.

Supplementary Hypothesis 2: There are no significant differences in
student outcomes--biology content knowledge,
cognitive inquiry skills and affective qualities
of inquiry as measured by the instruments
described in Objective 2--between students
of IRA Yellow Version teachers with previous
IRA experience and students of IRA Yellow
Version teachers without previous IRA
experience.

Data Analyses/Results: In order to test Supplementary Hypothesis 2, a
repeated-measures analysis of variance was run on each of the 11 student

III

outcome variables. The results of these analyses are presented in Tables S2-1
through S2-11. Note that the group identified as "First Year" represents

\ students of IRA Yellow Version teachers without previous IRA experience
(teachers 01, 2q, 21, 22, 30, 31, 40 and teacher group 10). The group
identified as "Experienced" represents students of IRA Yellow Version
teachers with previous IRA experience (teachers 02, 03., 04).

410

TABLE S2-1: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for EIB III (Formulate a Hypothesis)

GROUP N

PRETEST
MEAN SCORE

POSTTEST
MEAN SCORE

GRCUP MEAN
SCOFF

First Year
Experienced
Test Means

266

89
355

10.21

10.62
10.31

11.53
12.26
11.71

10.87
11.44

F Groups = 3.06, P = .08; F Tests = 41.78, P = .00, F GxT = .41, P = .53

TABLE S2-2: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for EIB IV (Design a Study)

GROUP N

PRETEST
MEAN SCORE

POSTTEST
MEAN SCORE

GROUP MEAN
SCORE

First Year

Experienced
Test Means

214

67

281

10.40
16.25
11.79

17.64
17.93
17.71

14.02,

17.09

F Groups = 67.9, P = 0() r T 9E .C, P = .00



TABLE S2-3: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for EIB V (Interpretation of Data)

GROUP N

PRETEST
MEAN SCORE

POSTTEST
MEAN SCORE

GROUP MEAN
SCORE

First Year
Experienced
Test Means

276

80
356

9.08
20.46
11.63

23.34
25.11

23.74

16.21

22.79

119

F Groups = 139.45, P = .00; F Tests = 1003, P = .00, F GxT = 110, P = .00

TABLE S2-4: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for EIB VI (Synthesizing Knowledge)

GROUP
PRETEST POSTTEST GROUP MEAN

N MEAN SCORE MEAN SCORE SCORE

First Year 259 5.18 6.95
Experienced 75 6.01 7.19
Test Means 334 5.37 7.01

6.07'

6.60

F Groups = 7.81, P = .01; F Tests = 120.1, P = .00, F GxT = 2.8, P = .09

TABLE S2-5: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for EIB Total Scores

GROUP N
PRETEST

MEAN SCORE
POSTTEST

MEAN SCORE
GROUP MEAN

SCORE

First Year
Experienced
Test Means

214
67

281

35.95
53.87
40.22

60.82
63.17
61.57

48.38
58.92

F Groups = 71.09, P = .00; F Tests = 832, P = .00, F GxT = 72.3, P = .00

TABLE S2-6: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for BSBI Subscale A (Curiosity)

GROUP
PRETEST POSTTEST GROUP MEAN

N MEAN SCORE MEAN SCORE SCORE

First Year 248 2.64 2.75

Experienced 68 2.46 2.53

Test Means 336 2.60 2.70

2.69
2.50

F Groups = 7.11, P = .01; F Tests = 5.44, P = .02, F GxT = .7, P = .68
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TABLE S2-7: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for BSBI Subscale B (Openness)

GROUP N

PRETEST
MEAN SCORE

POSTTEST
MEAN SCORE

GROUP MEAN
SCORE

First Year
Experienced
Test Means

248

68

336

3.58

3.32
3.52

3.65
3.63
3.64

3.61

3.48

F Groups = 2,19, P = .14; F Tests = 8.12, P = .01, F GxT = 5.24, P = .02

TABLE S2-8: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for BSBI Subscale C (Satisfaction)

GROUP
PRETEST POSTTEST GROUP MEAN

N MEAN SCORE MEAN SCORE SCORE

First Year 248 3.66 3.57
Experienced 68 3.60 3.47

Test Means 336 3.65 3.55

3.62
3.53

S *F Groups = 1.19, P = .28; F Tests = 7.45, P = .01, F GxT = .21, P = .66

TABLE S2-9: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for BSBI Subscale 0 (Responsibility)

GROUP N

PRETEST
MEAN SCORE

POSTTEST
MEAN SCORE

GROUP MEAN
SCORE

First Year
Experienced
Test Means

248

68

336

3.62
3.47
3.58

3.73
3.52
3.68

3.67
3.49

F Groups = 7.11, P = .01; F Tests = 2.31, P = .13, F GxT = .18, P .67

TABLE S2-10: Comparison of Mean Scores of Students of First Year and
Experienced IRA Teachers for BSBI Total

GROUP

PRETEST POSTTEST GROUP MEAN
N MEAN SCORE MEAN SCORE SCORE

First Year 248 13.50 13.69

Experienced 68 12.86 13.14

Test Means 316 13.36 13.57

13.59
13.00

F Groups = 4.11, P = .04; F Tests - 2.90, P = .09, F GxT = .08, P = .77
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TABLE S2-11: Comparison of Mean Scores 'of Students of First Year and
Experienced IRA Teachers for CFE

GROUP N

PRETEST
MEAN SCORE

POSTTEST
MEAN SCORE

GROUP MEAN
SCORE

First Year
Experienced
Test Means

276

73
349

18.17

17.60
18.05

19.39
18.6.7

19.25

18.78
18.14

F Groups = 1.06, P = .30; F Tests = 12.45, P = .00, F GxT = .04, P = .84

The means and F ratios for comparing the EIB III scores for the first year
versus the experienced teachers are presented in Table S2-1. As indicated
in the table, only the F ratio for comparing the pretest means with the
posttest means is significant. Thus, for both groups of teachers combined,
there was a significant increase in the EIB III scores. Both groups improved
relatively the same amount since the ,interaction effect was not significant.

The results for the EIB IV sccres are presented in Table S2-2. As indicated
in the table, all of the F ratios are significant beyond the .01 level.
Thus there is .1 significant difference between the two groups of teachers
as well as a significant difference between pretest and posttest scores.
The interaction is also significant indicating that the gain from pretest
to posttest was not similar for both groups of teachers. As Kirk9 points
out, whenever there is a significant interaction effect, interpretation of
the tests of the main effects must be qualified. From an inspection of
Table S2-2, it can be noted that there is a six point difference between
pretest and posttest means as well as a three point difference between'the
means for the two groups of teachers. It also can be noted that the gain
for the first year teachers was around seven points whereas the gain for
the experienced teachers was only about a point and a half. As indicated
by she significant interaction, this difference in gain is a significant
difference.

The same results were found for the EIB V scores. All of the F ratios are
significant, and as can be noted in Table S2-3 the gain from pretest to
posttest for the first year teachers was much greater than for the experienced
teachers. As with tile EIB IV scores, the pretest scores for the experienced
teachers were higher than for the first year teachers. However, since the
first year teachers' students gained significantly more than the experienced
teachers' students, the posttest scores are nearly equivalent.

For the EIB VI scores (Table S2-4) both the F ratios for comparing groups
and for comparing tests were significant. Again, the experienced teachers'
students scored higher than the first year teachers' students on both the
pretest and the posttest. Since the interaction effect was not significant;
the gains of the two groups of teachers is equivalent. The gain for the
first year teachers is about one and a half points whereas for the experienced
teachers it is a little over one point.
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For the EIB total scores (Table S2-5) the same'pattern is evident as with

the Part IV and V scores. All of the F ratios are significant beyond

the .01 level. The gain from pretest to posttest is significant and the
10 point difference between the first year and experienced teachers' students'

scores is also significant, tne experienced teachers' students' scores
being higher than the scores for the first year teachers. The gains for

the two groups were significantly different as indicated by the significant

F ratio for the interaction effect. The gain for the first year teachers'
students was nearly 25 points whereas the gain for the experienced teachers'

students was only around 10 points.

The results for the BSBI scores (Tables S2-6 through S2-10) are somewhat

different than the results for the EIB scores. For the BSBI scores, the

scores for the first year teachers' students tend to be higher than the

scores for the experienced teachers students. For the BSBI A, 0, and

total scores, the scores for the first year teachers' students are significantly

higher than the mean scores for the experienced teachers' students. None

of the interactions for these three BSBI scores are significant indicating

that the gain from pretest to posttest is similar for both groups of students.

There is a significant difference between pretest and posttest scores for

BSBI subscales A, R, and C. Thus, the gains. from pretest to posttest for

the three subscales A, B, and C are significant. The only F ratio for
interaction effects which is significant is for the BSBI subscale B. From

Table S2-7 it can be noted that the gain for the first year teachers'
students was .07 whereas the gain for the experienced teachers' students

was .31.

For the CFE scores (Table S2 -11) only the F ratio for comparing pretests

with posttests is significant. Thus it appears that both the scores and

the gains for the two groups of teachers was similar. However, the gain

from pretest to posttest for both groups of students is significant.

Interpretation: While experienced IRA Yellow Version teachers' students
demonstrate srgnificantly higher group mean scores over first year IRA Yellow

Version teachers' students for EIB IV, V, VI and EIB total, the interaction

effects were also significant for EIB IV, V and EIB total. In these three

cases, students-of first year IRA teachers showed significantly higher

pre to post gains. Thus the higher group mean scores of the students of
experienced teachers do not allow for any implications regarding IRA

experience as related to student cognitive inquiry outcomes.

No pattern emerges from the BSBI analyses except to say that the students

of first year IRA teachers generally show higher scores (but not significantly

higher in most cases). The CFE results also do not show meaningful differences.

These analyses suggest that success with the IRA program in terms of student

outcomes as measured by the EIB, BSBI and CFE is not strongly related to

the teachers' extent of IRA experience.

It should be noted that the pre to post comparisons for the combined "first
year" plus "experienced" means showed significant gains for 9 of the 11

variables. However, these have not been discussed here since such gains
have already been discussed uncle' Objectivu 3A.
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:h. appendix for this report contains copies of the following:

1 Teacher's Log

Views & Preferences - C

j. Class Activities Questionnaire

Comprehensive Final Examination

hiology Student.Behaidor Invento,,,

E>:plorations in Biology 1A, B, 2A, and B

1--orm 121-4, Social Skills Checklist .

hum 121-5. AttitndeChecklist

'orni 121-3, Understanding Role Responsibilities. Quiz

rum 35c, Differentiation Between Roles

Frirm 35d, Differentiation Between Roles

''orm 21, Assessment of Role Functions

Form 26, Assessment of Role Functions

Form 121-7, Theme I Assessment Summary Sheet

Differential Aptitude Test

LQtter and questionaire sent to prospective field test participants

-planned Workshop Schedule

rff the appendix can be obtained by writing to

..11 G. Koutnik
ulator of Inquiry Skill Research, Development and Adaptation
,,IlLinent Regional Educational Laboratory

Independence Ave.
City, Missouri 64106


