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ABSTRACT.

This report is cne of three concerning the 1972-73
field test of the Inquiry Role Approach (IRA) to biology teaching
developed by the staff of the Mid-Continent Regional Educational
Laboratory (McREL), Kansas City, Missouri. This paper concerns
program implementation and focuses on three questions: (1) Can the
IRA program be implemented? (2) Is there any significant relationship
between type of training and degree of implementation? and (3) Is
there any significant relationship between degree of implementation
and student outcomes in biology content knowledge, cognitive inquiry
skills, and affective inquiry qualities? Data were collected from 15
teachers, using a Teacher's Log, and from 1,300 students, using the
Views and Preferences-C instrument and Class Activities
Questinnnaire. In adldition, the Comprehensive Final Examination,
Explorations Final Examination, Explorations in Biology, and Biology
Student Behavior Inventory were used to measure student outcomes.
Fourteen of the 15 teachers implemented the IRA program adequately or
very adequately. No significant relationship was found between the
variables, type of training and degree of implementation. Findings
appeared to show that at least adequate implementation was Recessary
to attain development of cognitive inquiry but was not necessary for
development of afifective qualities and biology content knowledge.
(Authors/PEB)
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In educaticnal research and development it often happens that experimental
programs or methodologies do not include within the program itself means for
assuring their proper implementation. Yet if one cannot identify whether adequate
implementation has occurred, there may be no real basis for deriving conclusions
from any study of the program. The developers of the Inquiry Role Approach (IRA)
program* considered it important that a means for assessing the implementation of
IRA be included within the program materials. This would not only provide a way
of measuring implementation during the field test of the program, but, more
important, it would enable users of the program to measure their own implementation
and to identify deficiencies to be corrected.

When plans were made for the 1972-73 field test** of the Inquiry Role Approach,
attention was given to the matter of measuring implementation. Within this general
problem area of measuring implementation, three specific objectives were identified:
(1) To describe the degree of implementation by each participating teacher. (2) To
determine whether there was a significant difference in the degree of implementation
between groups of teachers receiving different types of IRA training. And (3) To
determine whetner there were significant differences in student outcomes in biology
content knowledge, cognitive inquiry skills, and affective qualities of inquiry
between students in classes where the program was inadequately implemented,
adequately implemented, and very adequately implemented. This paper will discuss

. these three objectives from the field test. .

OBJECTIVE 1: To describe the-degree of implementation by each participating teacher.

The methods used to document the.implementation of the Inquiry Role Approach
program strike a balance between teachers' reports and students' perception of
. implementation. Part of the reason for this use of both students and teachers was
" the rationale provided by Steele, et al. (1971):

"It was judged that the most accurate estimate of cognitive emphasis
and positive learning environment could be obtained using sensitive and
perceptive observers who would be in the class frequently and who were
trained in using systematic procedures to collect the data. Tnis procedure
is too costly. The training, time, and support demands prohibit its use ..,
However, two sources of untrained observers exist in any classroom: the
teacher and the students."

-

¥ Toe Inquiry Role Approach (IRA) is a method of teachirg secondary biology

: which includes teacher training materials, teacher instructions for class
use and student materials. While tne goals of IRA include the learning of
biology content--factual information, concepts and principles of biology--
the goals emphasize inquiry skill development, social interaction skills,
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. : '

**  For a more complete description of the IRA field test, refer to the third

paper in this paper set (Seymour, et al., 1974).




Four sets of data wera utilized to document the extent of implementation:
(1) The per cent of activities completed by the teacher. (2) The per cent of
students reaching criteria on activities completed. (3) Students' views, as
measured by the Views and Freferences-C (Seymour and Bingman, 1973), of whether
selected social behaviors, cognitive behaviors and class procedures characteristic
of IRA were being implemented. (4) Students' views, as measured by the Class -
Activities Questionnaire (Steele, et al., 1971) whether seiected cognitive
behaviors, class procedures and teacher/student attitudes considered characteristic
of IRA were present or emphasized.

The following definitions were formulated and served as the criteria for
- measuring extent of implementation:

Very adequate implementation - Three of tne following four criteria
must be met:

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

2) 75% of the students must reach the objectives of each activity:

3) Students will respond in the desired way on Views and Preferences-C
instruient with a mean score of 3.65 or better (views items only).**

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

Adequate Implementation - Three of the four minimum criteria below must be
met. The same criteria definitions are given here as were given in 1 thru
4 above with these changes:

1) Theme I, 80%; Theme II, 60%; Theme III, 10%.

-2) 55%.
3) A mean score of greater than 3.5.
4) Four of the nine (CAQ) categor1es emphas1zed
Instruments --
Data for percent of activities performed and percent of students neeting

criteria on these activities was reported by the teacher using a Teacher's Log.

. ® The act1v1t1es in- tne IRA program are grecuped into three sequential sets of
activities, each referred to as a Theme. Theme I has 22 activities,

Tneme II has 15 and Theme III nas 9.

**  Since V & P-C was administered as an interim measure and as a posttest the
average of these two administrations was utilized for this hypothesis.




The Teacher's Log was a standard form supplied by the developers; each teacher
completed a log after each activity. Information included the percent of students
meeting criteria, an evaluation of the teaciter's instructions in the IRA teacher's
manual, an evaluation of the IRA student materials for the activity, and any
alterations made in the activity procedures.

Views and Preferences-C is an instrument in wnich students identify _
whether they perceive certain behaviors or procedures being performed in tie
class (views items) and whetner they prefer that these behaviors or procedures
be performed (preference items).  Students respond to items by selecting one-
of five choices; Strongly agree, agree, undecided, disagree, or strongly
disagree. There are three sets cf items dealing with social benaviors,
cognitive hehaviors, and’ class procedures.  The development of the Views and
Preferences-C nas been reported by Seymour and’ Bingman (1973)

" The V& -'Form C contains 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 a majority of IRA students had responded in the desired direction
and the items discriminated between 700 IRA and 520 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 wno chose the desired response are recorded in the
Seymour and Bingman paper. Differences between the two.groups were significant
for 49 items and another item was retained because IRA students met the criterion
level and it was deemed:to measure an, important aspect of the Inquiry Role Approach
program.

Test-retest reliability for the Views and Preferences was found to be 0.80
(Mid-continent Regional Educational Laboratory, 1971, p. 71). More recent studies
of correlations between the three sets of views items on the instrument have shown
correlation coefficients of .81 (social behaviors-cognitive behaviors), .61 (social
behaviors-class procedures), and .66 (cogn1t1ve behaviors-class procedures).

In determining the degree of implementation, only data from the views ifems
were used. Responses to these items would indicate wnether or not preferred IRA
benaviors or procedures were being performed in the classroom as seen from the
students' point of view. A mean score for each set of items can range from 1.0 to
5.0. A mean score greater than 3.50 .indicates that more than 50% of the students,
on the average, have responded in the preferred direction. A mean score of 3.65
or greater indicates that 65% (or more) of the students, on the average have
responded in the preferred direction.

“The Class Activities Questionnaire (Steele, et al., 1971) is a second means
for obtaining student feedback on whether certain activities are performed in
their classes. Students wrespond to items by selecting one of four choices:
Strongly agree, agree, d1sagree, or strongly disagree. The student responses
are used to indicate whether eighteen factors are emphasized in the class.

These factors are in turn grouped into four dimensions of class activities and
climate. The four dimensions and eighteen factors measured by the CAQ are given

in Table 1.




TABLE 1: Dimensions and Factors measured
by Class Activities Questionnaire

DIMENSION FACTORS
Lower Thought .Memory
.Translation
Processes .Interpretation
Higher Thougnt .Application
.Analysis
Processes .Synthesis
: .Evaluation
Classroom .Discussion
.Test Stress
Focus . “.Lecture
Classroom .Enthusiasm
.Independence
Climate .Divergence
' -Humor
.Ideas Valued over Grade
.Enjoyment of Ideas
.Teacher Talk
.Homework

Reliability of the CAQ was measured by use of the HOorst formula for estimating
reliability from the within class and between class variances. Reliability
estimates for the four dimensions as well as sixteen factors were obtained.
(Ideas Valued over Grade and Enjoyment of Ideas were not measured). Fourteen-
of the 20 correlations were above 0.80 with only one falling below 0.65. A
study of stability of response over time indicated test-retest reliability
coefficients for each of the four dimensions as 0.67, 0.91, 0.59, and 0.89,
respectively.

., For purposes of assessing implementation of the IRA program, nine of the "’
eighteen factors measured by the CAQ were utilized: ‘Application, analysis,
synthesis, evaluation, discussion, independence, divergence, ideas valued over

' grade, and enjoyment of ideas. (In retrospect, other factors may also have been

- usefuly particularly to show a deemphasis on memory, test stress, lecture, and-
teacher talk. In fact, data from.these other factors generally occurred in the
desired direction, that is, students agreed tnat these factors were deemphas‘ized. )

'Reéufté --
Table 2 identifies the performance of each teacher in each of the four

seﬁg ofddata collected, and the final description of the degree of implementation
chieved: ' '




TABLE 2: The Adequacy of Implementation
of IRA Classes for Each Teacher

PERCENT CLASS
PERCENT OF OF STUDENTS |VIEWS & ‘| ACTIVITIES
ACTIVITIES REACHING PREFEREACES-CB | QUESTIONWAIREC
COMPLETED CRITERIA ON [MEAN SCORE 'NUMBER OF
TEACHER BY THEME ACTIVITIES FOR "VIEUS" FACTORS ADEQUACY OF
NO. I 11 II1 | COMPLETED. JITEMS . 'EMPHASIZED IMPLEMENTATION
01 95.4 | 0.0 | 11.1 68.5 (16)4| 3.58 (not available) IAE
02 68.2 | 57.1 | 11.1 74.7 (10) 3.69 6 (1,2,6-9)2 A
03 100.0 {100.0 {100.0 74.0 (33) 3.80 8 (1-7, 9) VA
04 7 100.0 | 92.8 | 44.4 81.2 (33) 4.08 (not available) VA
10-14 77.3 | 85.7 | 1.1 76.1 5123 3.60 gl -4, 6, 7) A
20 J100.0 | 92.8 | 11.1 81.8 (19 3.96 8 .-3,.5-9) : VA
21 100.0 | 92.8 | 11.1 78.5 (19) 3.66 5 (1, 2, 6-8) A
22 100.0 | 92.8 | 11.1 83.1 (22) 3.80 9 21-9 VA
30 100.0 | 85.7 | 11.1 77.2 (22) 3.83 17 (1-7 VA
31 100.0 | 85.7 | 11.1 84.2 (22) 3.65 . (not.ay a1]ab1e) A.
40 95.4 | 92.8 | 44.4 73.0 (28) 3.67 4 (1,2,5,7) | . A

AThe number of activities for which percent of students reaching criteria was
reported is noted in parentheses. :
BEnd of Theme I data only used for teachers 01, 03, 20, and 22; end of year

"data only used for teachers 04 and 21; average of interim and end of year
. Cdata used for rema1n1ng teachers. 4

DEnd of year data used.

Numbers in parentheses identify the factors empnasized: l-application, 2-
analysis, 3-synthesis, 4-evaluation, 5-discussion, 6-independence,- 7-
divergence, 8-ideas valued over grades, and 9-enjoyment of ideas.
IA=inadequate implementation; A=adequate 1mp1ementat1on, VA=very adequate
implementation. .

Five teachers acting in team teaching capacity.

E

F

As Table 2 shows, five teachers achieved very adequate implementation, five
achieved adequate implementation, and only one performed inadequate imp]ementation.'
On-site visits and other communications with teachers tended to confirm
the data--that is, professional judgement of the developers based on tnese
communications would predict at least adequate implemeritation at all sites except
for teacher 01. The criteria established appear to be valid, with the exception
of the teachers report of the percent of students meeting ¢riteria on esach activity.
This parameter for judging implementation is minimally useful unless more complete
teacher reporting is obtained.

Conclusion --

Objective one was met. In our judgment it is considered both useful and
necessary for meaningful evaluation of any program that tne degree of implementation
of the program within tiie experimental group be established. Further, it appears
valid to utilize both student and teacner feedback as am inexpensive yet reliable
means of estimating implementation.
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OBJECTIVE 2: “To* determine whether there was a significant difference in the

degree of implementation between groups of teachers receiving different types
of IRA training.

———

HYPOTHESIS 2: There will be no s1gn1f1cant differences between mean implementation
ranks (ranking based on the four variables used to describe adequacy of 1mp]ement-
ation) for teachers receiving d1fferent types of IRA training.

The fifteen teachers participating in the IRA field test received different

types of training for teaching the IRA program The four types of training are
described below:

Group 1: Teachers trained by IRA development staff, and who in turn
trained the teachers in group 3.

Groub 2: Téachers trained by IRA development staff, and who worked
independent of other IRA teachers.

Group 3: Teachers trained by Group 1 teachers.

Group’4: A group of five teachers who used team teaching. One teacher
received training from IRA deve]opment staff and in turn
trained the other four teachers in the group.

Figure 1 may clarify these types of training further.

FIGURE 1: Teacher training strategy for IRA field test.

IRA development staff

< \II ' \-\>
Group 1 teachers Group 2 teachers Group 4 team leader
7 — ) |
Group 3 teachers ) . Group 4 team of teachers |
TRAINER|
TRAINEE

In order to test hypothesis 2, a method of assigning an 1mp1ementat1on rank
"was developed. The ten teachers and one teacher group were ranked on each of the
four variables used to describe adequacy of implementation (percent activities
completed; percent students reaching criteria; V&P-C mean score; number of CAQ
categories emphasized). Each teacher's mean rank was ca]cu]ated and a final
implementation rank was assigned based on the mean rank. This implementation

rank is given for each teacher (or teacher group) in Table 3 A rank of 1= lowest
implementation; a rank of 11 = highest implementation.




TABLE 3: Implementation Ranks

MEAN IMPLEMENTATION
TRAINING | TEACHER | IMPLEMENTATION RANK FOR TRAINING
GROUP NUMBER RANK . GROUP
: .20 9.5
1 30 7 6.83
. 40 4
01 1
. 02 3
2 03 8 5.75
: 04 11
. - 21 5
3 22 9.5 6.83
31 6
4 10-14 J 2.00

Mean implementation ranks were calculated for each group of teachers: (grouping

based on type of training); these ranks are also included on Table 3. The
Kruskal-tfallace (Kruskal and Wallace, 1952) formula for determining. the significance
of .ranked aifferences was applied to the mean implementation ranks for the training
groups. The formula is:

_ 12 . R
H'-—(_NN+T)'Z - 3N
Resul ts--

Teachers - in Group 1, who were trained by IRA developers and who also trained
other teachers in their districts, had a mean implementation rank of 6.83. Group 2,
who were trained by IRA developers but did not train other teachers, had a -
mean implementation rank of 5.75. Group 3 teachers, who were trained by Group 1
teachers, had a mean implementation rank of 6.83. The team teaching group, .Group 4,
had a mean rank of 2.00. Substituting this data into the formula, the value of H
is 5.86. With 3 degrees of freedom, this value is not significant at the 0,05 alpha
level.

Conclusion-- ., -

The lack of statistically significant ranking differences between groups of
teachers receiving different training suggests that the various training strategies
‘'used do not result in different extents of IRA program implementation. It is
important that teachers (Group 3) trained by an intermediate trainer (such as those
teacher/trainers in Group 1) can implement the program as well as those teachers
trained directly by program developers (Groups 1 and 2) since widespread training
could not depend on the relatively small group of developers as trainers. Caution.
must be exercised, however, in drawing conclusions, since the small sample size
limits generalizability. : '




OBJECTIVE 3: To determ1ne whether there were s1gn1f1cant differences in student
outcomes in b1o]ogy content knowledge, cognitive inquiry skills, and affective
‘qualities of inquiry between students in classes where the program was inadequately
implemented, adequately implemented, and very adequately implemented.

HYPOTHESIS 3: " There is no significant difference in student outcomes--biology
content knowledge, cognitive inquiry skills, and affective qualities of inquiry--
for students in classes with different degrees of implementation.

Method/Procedures--

Data used to test the nu]T,hypothesis came from student posttests ($tudents:
of the 15 IRA teachers discussed under Objectives 1 and 2) administered in late
May and early June of 1973. These posttests measured the following student:
outcomes: :

1) Comprehensive Final Examination-Forms J & K (CFE)(Biological Sciences
Curriculum Study, 1965), used to measure biology achievement.

2) Explorations in B1o]oqy -Topic 1 (E1B-1)(Koos, et al., 1972), used to
measure students' ability to-formulate a hypotnesis, design a study,
interpret data or findings, and synthesize know]edge gained from the

investigation.

3) Biology Student Behavior Inventory (BSBI)(Steiner, 1970, used to measure
students’ curiosity, openness, satisfaction, and responsibility.

Instruments--

Comprehensive Final Examination (CFE)

The CFE (see Biological Sciences Curriculum Study, 1966) is designed as a
comprenensive examination of the achievement in biology attained by students in
a first-year secondary level b1o]ogy class. Specifically the ‘instrumert has been
designed for the BSCS courses using any of the three BSCS textbooks; however, it
is seen as applicable to other modern biology curr1cu1a as well. Two equivalent
forms, J and K, have been deve]oped ‘

Validity: The validity of the CFE has been pr1mar11y 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 tiree texts.. In addition, validity was
studied by determining the correlation between student scores on the CFE and on
each of tne 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 correlation between

forms have been studied. Using the Kuder-Richardson 20 procedure (Kuder and e
Richardson, 1937) with a sample of 740 cases, coefficients of internal consistency
ranging from .76 to .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 (i = 2500).




Biology Student Behavior Inventory (BSBI)

The BSBI (see Steiner, 1970) is a 39~-item instrument designed to measure the
frequency of occurrence 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 subscores or subscales are therefore
determined. 11 of the items are used to determine the curiosity subscores; 17 -
are used for the openness subscore; 7 for the satisfaction subscore; and 4 for
the responsibility subscore.

Yalidity: Validity nas 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 per-
centage of agreement); and by correlations with a second instrument (Observational
Record of Affective BehaV1ors, ORAB) which measured the same attitudes ut1Tﬁz1ng
fewer behaviors and an ooservat1ona1 approaci.

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 1tems vias 83 percent.

To confirm the judges' findings and in particular to evaluate the categor1zat1on
of the six items which showed ‘low ?be]ow 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 subscale scores.
This process confirmed the validity of tne previous categorization of items.

Finally Pearson coefficients were found for student scores on three subscales

of the BSBI (curiosity, openness and responsibility) and total BSBI scores

(using only three subscales) correlated with the same three subscores on the
ORAB and.the total ORAB score. The curiosity subscales had a correlation
coefficient of -.45; the openness subscales, .88; the responsibility subscales,

.75; the total scores, .83 (for significance at the .05 level, r > .75). The

low curiosity subscale correlation appeared to be due to the fact that the ORAB.
measured primarily only one behavior indicating curiosity while the BSBI
measured five behaviors; thus the two instruments were not measuring the same
behaviors and low correlation could be expected. It should also be noted that

the ORAB contained a non-inquiry subscale; this subscale showed negat1ve correlation
with each BSBI subscale and the BSBI total score.

Re11ab111tx An estimate of the reliability of each subscale was determined
using a split-half technique. Pearson product-moment coefficients of correlation
were found and adjusted using the Spearman-Brown formula (Guilford, 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 s1gn1f1cance at the 01 level, r > .07. With.a c]ass i of 48, the following
values were computed curiosity, r = .78; openness, r = .68; satisfaction, r = .86;
responsibility, r = .51; for significance at the .Q1 1eVel, r > .37. A Cronbach alpha
(Cronbach, 1951) was also computed to determ1ne internal consistency for each subscale.
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The alnha values: curiosity, = = .65; openness, « = .71; satisfaction, « = .66;
responsibility, = = .43 (N = 1153). BSBI A, B, C, D, and total had Cronbach alpha
values of 0.55, 0.78, 0.88, Q. 37, and 0.84 respect1ve1y The sample was the
experimental group. S -

Explorations in Biology (EIB)

The EIB series (see Koos, 1970, 1971, 1972, and Koos and Chan, 1972) is a
set of eight simulated problem-solving instruments designed to measure cognitive
inquiry skills. These instruments nave been developed in the period of 1969-72
as. a component of the Development of Inquiry Skills Program of McREL. 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 1dent1f1cat1on of
this phenomenon.

3a. From a list of readings, se]ect1ng and eva%uat1ng reports
possibly yielding useful information about the event noted.
{Explorations 2, 3, 4, 5, and 6)*

3b. From relevant read1ngs on the problem presented, decide if g1ven
hypotheses are tenable. {Explorations 1, 7, and 8)* .

4. Differentiating likely causes of this event from unlikely causes.
‘5. Selecting a single hypothesis to investigate.

6. Selecting an,array of methods.appkoariate td the investigation.
7. Identifying the independent variable to be studied. |

8. Identifying cond1f1ons requ1red for conducting a laboratory study
on this topic. '

9. Choosing a plan which woula V1e1d data afford1ng a test of the
fiypothesis. : ) ,
- 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.

* EIB's 1 through 6 were developed to measure the above set of objectives
including 3a but not 3b. The format for EIB's 7 and 8 was slightly changed
from an earlier format used for EIB's 1 thru 6. With tnis new format, Objective
3b was substituted for 3a. In 1972 EIB 1 was revised into the new format.
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13.  From a heterogeneous Tist of questions, 1dentify1ng new
' questions which might arise as a result of carrying out this
investigation.

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

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.

Validity: Objectives were selected for the EIB's based on studies by Burmester
(1952], Kaplan (1967), and Suchman (1962). With the completion of

the detailed McREL-BSCS set of inquiry objectives (Bingman, et al., 1969),
studies were made to learn the extent to which EIB items would be referenced to
similar objectives listed in the Inquiry Objectives in the Teaching of Biology
document. These studies were previously reported by Koos (1970).

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

Working 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.
D1sagreements were found for less than 15 percent of the items. In most cases,
disagreements resulted from misreading, or misinterpreting, the test items or
directions. In 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. Table 4
presents the categorization of the objectives and the items in EIB 1 keyed to
each objective.
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"TABLE 4: EIB 1 Items Keyed
to Inquiry Objectives

ITEMS ON | ITEMS ON
EIB 1-A EIB 1-B
AREA I - Formulating Ubjective 1 1
a Problem ' bjective 2 50 .
AREA II - Searching Objective 3a
for Information '
AREA III - Formulating | Objective 3b 8-17
Hypotheses Ubjective 4 51-60
_ Objective 5 48,49
"AREA'IV - Designing an | Objective 6 36-45 ‘
Experimental Study Objective / ]
: Objective 8 i 2.6
Objective 9 46,47 17,43-47
AREA V - Interpreting | Objective 10 7-16
tne Data or Findings odbjective | 18-42%
' ' ' 48-57
. 1 0bjective 12 ‘ 58-67-
AREA VI - Applying and | Objective 13 68-77
Synthesizing Knowledge [ Objective 14 | 78
Step choice items (not scored) 2-7 o

* 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,
subscores for each of the six inquiry areas can also be determined in scoring
the EIB's. ' :

Construct validation studies have been made to compare EIB 1 with BSCS -
Comprehensive Final Examination, Differential Aptitude Test-Verbal Reasoning &
Numerical Ability and Abstract Reasoning (Bennett, et al., 1959), California Basic
Skills Test (Tiegs and Clark, 1955-56), Iowa Tests of Basic Skills, (Lindquist

. and Hieronymus, 1955-56), Scholastic Hign School Placement Test (Anderhaiter, et al.,
1959), and Watson-Glaser Critical Thinking Appraisal (Watson & Glaser, 1961). A
Pearson product-moment correlation of .63 was found between EIB 1 and DAT-Abstract
Reasoning and Watson-Glaser Critical Thinking. Other correlations were found to
be very iow.” T ..construct validity is offered for tnose EIB 1 items whicn 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"
(Koos, 1970, p. 15?. :

Reliability: The developmental 1969 version of EIB 1 was shown to have a
coefficient of internal consistency (Kuder Richardson 20 procedure - Kuder and
Richardson, 1937), of .96 when tested with a heterogeneous group of 451 students;
.74 when tested with a more homogeneous group of 150 students.
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The later 1970 versions of EIB 1 and 2 were tested on several occasions in
the spring of 1970 and in the 1970-71 school year. Coefficients of internal
consistency (Cronbach alpha, Cronbach, 1951} ranging from .40 to .86 and averaging
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. Major changes involved tiie 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 establisn 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. The coefficients
are presented in tie following table. .

TABLE 5: EIB Coefficient of Internal Consistency

COEFFICIENT -OF , )

INTERIAL CONSISTENCY N’
EIB-1, Part I . . 0.24 1,005
EIB-1, Part III ' 0.62 1,005
EIB-1, Part IV 0.83 1,005
EIB-1, Part V _ 0.85 : 1,005
EIB-1, Part VI 0.88 1,005
E1B-1, Total score 0.87 - g .1,005

It should be noted that the scoring key for EIB 1 was revised during 1972,
Previous scoring keys nhad been devised by the principal test author 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 scoring of
some jtems. A more thorough review was planned with five McREL staff members
acting as judges. HNew 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.
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TABLE 6:
Original and Revised Scoring Keys

N (2) (4) (6) (7)

(1) SCORED (3) SCORED (5) UNSCORED | PERCENT

TOTAL RESPONSES,| SCORED | RESPONSES ,| UNSCORED | RESPONSES ;| AGREEMENT

POSSIBLE |ORIGINAL |RESPONSES!SCORIiG | RESPONSES| SCORING _(3)+(5)

RESPONSES| KEY UNCHANGED| DELETED | UNCHANGED| ADDED . | # = (1) _ * 100
EIB-1A 158 51 34 17 94 13 3$;g4 100 = 81.0%

~1R*

eIB 18 220 82 76 6 128 10 76¥128 | 100 = 92.7%
TOTAL 378 133 110 23 222 23 llg+§22 < 100 = 87.8%

* A1l optional items included.

The author's-key-has used a "weighted" scoring system.
could be awarded either 2 or 1 point.

Scored responses
Criteria for weighting the valug 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 negat1ve response

to an item was psychologically more difficult to make).

The panel of judges felt that these criteria were not consistently applied.

The author has not specified a systematic approach for assigning weighted scores.

The judges, therefore, decided to delete weighting of scores as much as possible--
.we1ghted scores are used in the revised key only for optional sections when necessary
0 maintain equal chance scores for each option presented

A1l EIB 1 data in this repcrt utilizes the revised key.
scores for EIB 1 total score and part scores are given in the

Méximum‘and chance .
following table.

TABLE 7: EIB Scoring Key Changes
ORTGINAL ~REVISED
AUTHOR KEY PANEL KEY
~ EIB-1 E1B-1 ‘
VAXTHMUN | CHANCE | PAXIFMUM | CHANCE
'SCORE SCORE | SCORE SCORE
Part I 4 1.20 2 | .40
Part III 41 14.08 22 7.07
Part IV 45 - 17.15 24 11.30
Part V 60 27.00 40 17.50
Part VI 21 | 1.0t 1wl a0
TOTAL - 171 69.53| - 98- .| . 40.57 -
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Data Analysis/Results: Eleven student outcome variables were identified: CFE
total score, EIB-T total score and four subscale scores, and BSBI total score
and four subscale scores. An 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 ilewman-Keuls statistical test was used
to determine which pairwise differences were significant.

Table 8 presents the adjusted posttést means and F ratios for comparing
student outcome variables for the three subgroups based on degree of 1mp1ementat1on.
Table 9 presents the results of the Newman-Keuls analysis.

TABLE 8: Adjusted Means and F Ratios for Comparing
Subgroups Based on Degree of Implementation

INADEQUATE ADEQUATE VERY ADEQUATE F |
VARIABLE ~ IMPLEMENTATION  IMPLEMENTATION  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 1475 23 17.95 144 18.24 114 11.62* (2,277)
EIB V 18.52 25 23.89 202 25.33 129  13.46% (2.353)
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 21.95% (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 (2312
BSBI C 3.54 58 3.51 144 3.61 114 92 (2,312)
BSBI D 3.65 58 3.76 144 . 3.78 114 481 (2,312)
- BSBI Tota] 13.71 58 13.56 144 13.80 114 493 (2.312)
CFE 20.20 59 19.17 197  20.38 93 1.68 (2,345)

* Sig. at the .01 level.

TABLE 9: WNewman-Keuls Post Hoc Analysis
~  for Extent of Implementation

IA IA A
K VK VA
EIB III - % *
EIB IV, * *
EIB V * *
EIB VI ' * .
*

. EIB Total .. * ..

* 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 var1ab1es- EIB III, EIB IV,
EIB V, EIB VI, and EIB total score. '

For the EIB III comparisons, the iewman-Keuls post noc analysis indicated
that the achievement level of the students under the teacner with inadequate
implementation was significantly below both the other subgroups. For the

EIB IV scores, tne 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. Al1l of tne comparisons were s1gn1f1cant 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 tenti
grade students in adequately and. very adequately implemented classes); and students
were in class only 180 minutes/week. “nis teacher strongly empnasized social

and attitudinal development (note that tinere 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 tihe IRA program materials
(no activities in Theme II and only 11 percent of Theme III activities were
completed). Tne lack of completion of IRA activities may nave strongly

contributed to the significantly lower cognitive inquiry scores. Furtner stud1es
using more carefully controlled groups (in terms of grade level, class structure,
etc.? and larger sample size might give more conclusive results.

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. )

In order to further clarify the possible relationsnips between student
otucomes and degrees of implementation, correlation coefficients were computed
between each of the eleven measures of student outcomes and the tiree degrees
of implementation. Unadjusted posttest scores were used, thus allowing for
larger numbers of students included in the data than- in the analysis of covariance
reported above. The results of this analysis are presented in Table 10.
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TABLE 10: Correlations Between Type of Implementation
and Student_Oqtgome'Variab]es_ ’

Variable r n

EIB III  Formulate Hypotheses  .052 840

EIB IV Design a Study J17%% 703
EIB V Interpret Data .206** 836
EIB VI Synthesize Knowledge .120** 814
EIB Total Score .168** 703
BSBI A Curiosity L101* 593
BSBI B  QOpenness .201%* 593
. BSBI € Satisfaction .160** 593
BSBI D Responsibility .203** 593
BSBI Total Score .227*% 593
CFE J129%* 804

* Significant at the .05 level
** Significant at the .Q1 level

. Tiese low correlations indicate that a meaningful linear Felétionship between
degrees of imp1ementation and student outcomes is not substantiated. However, tne
Tow correlations may be attributed to the lack of significant differences in

s%udent outcome variablies between adequately and very adequately implemented
classes.

t

Sumhafi--

During the 1972-73 field test of the Inquiry Role Approach, degree of
implementation of the program was measured by (1) number of activities each
teacher performed, (2) percent of students meeting objectives of those activities
performed, (3) students views of classroom behaviors as measured by the Views and
Preferences-C, and (4) student views of classroom behaviors as measured by the
Class Activities Questionnaire. Adequate implementation of the IRA program has
been documented for fourteen of the fifteen teachers using IRA in tne 1972-73
field test. ' ‘ E

Teachers were either trained directly by IRA development staff members, or
by other teachers who had received training from the IRA staff. Differences in -~
adequacy of implementation do not appear to be related to the types of IRA training.

Significant differences in student outcomes were found between the students
in classes where IRA was nbt adequately implemented, and the students in classes
where IRA was adequately impiemented. Caution must be used in drawing conclusions
since only one teacner inadequately implemented the program. '

Some questions have been raised as to the validity or relative importance
of each of the four factors used to determine implementation adequacy.




REFERENCES

Anderhalter, O. P., Gawkoski, R. A., and O' Br1en J. “Scholastic" high school
placement test. Bensonville, I1linois: Scnolast1c Test1ng Service, 1959.

Bennett, G. K., Seashore, H. G., and Wesman, A. G. Differential aptitude tests.’
Wew York: The Psychological Corporation, 1959,

Bingman, R. M., Ed., Anderson, J. R., Blankenship, J. W., Carter, J. L., Cleaver,
T. dJd., Jones, W. G., Kennedy, M. H., K11nckmann, E., Koutn1k P. G., Lee. A. E., -
and Stothart, J. R. Inquiry ObJECt1VES in the teaching of b1o]oqy Kansas
City, M1ssour1 M1d continent Regional Educational Laboratory, 1969.

Biological Sciences Curriculum Study. Comprehens1ve final examination, forms
J & K. iew York: The Psychological Corporation, 1965.

Biological Sciences Curriculum Study. Manual for the Comprehensive Final
Examination in first-year biology. iew York: Tne Psycnological Corporation, 1966

Burmester, M. A. Behavior involved in the cr1t1ca1 aspects of scientific th1nk1ng
Science Education, 1952, 36, 259.

Cronbach, L. J. Coefficient a]pha'and'the internal structure of tests. Egychdmetrika,
1951, 16, 297. ‘ .

Guilford, J. P. Fundamental statistics in psychology and education. New York:
McGraw-Hi11 Book Co., T1965.

Kaplan, E. H. The Burmester Test of aspects of scientific thinking as a means of
teaching the mechanics of the scientific metihod. Science Education, 1967, 51, 353.

. Koos, E. M., Bukmester, M. A., Garth, R. E., and Stothart, J. R. Explorations in
biolo ‘Topic 1. Bird population. Kansas City, Missouri: Mid-continent
ﬁegiona] Educat1ona1 Laboratory, 1972. : = ~

Koos, E. M., and Chan, J. Y. Technical report no. 3.- Criterion-referenced
tests in biology. A paper prpsented at the annual meeting of tne Amer1can
Educational Research ASSOC1at1on, Cnicago, 1972.

Koos, E. M. Technical report no 1. A report-on developmental studies of a
series of measures of inquiry v skills in biology, Explorations in 16Tbg¥ Kansas
City, Missouri: Mid-continent Regional Educational Laboratory, , 1970,

- Koos, E. M. Technical report no. 2. A report on developmental studies of a
- series of measures of inquiry skills in biology, Explorations in 1ologx Kansas
City, Missouri: Mid-continent Regional tducationai Laboratory, 1971. :

Koos, E. M. Technical report no. 4. A'report on developmental ‘studies of‘a
series of measures of inquiry skills in biology, Explorations in Biology. Kansas
City, N1ssour1 M1H—bont1uent Regional Educational Laboratory, 1972

.Kruskal, W., and Wallis, W. Use of ranks in one-cr1ter1on variance analysis.
Journal of the American Statistical Association, 1952, 47, 583.




. | o | | 19

Kuder, G. F., and Richardson, M. W. The theory of the estimation of test reliability.
Psychometrika, 1937, 2, 151.

Lindquist, E. C., and Hieronymus, A. N.“'Iowa'tests of basic skills. New York:
Hougiton Mifflin Company, 1955-56. )

Mid-continent Regional Educational Laboratory. ‘Annual report to the U. S. Office
of Education. Kansas City, Missouri: Mid-continent Regional Educational -
LCaboratory, 1971.

Seymour, L. A., and Bingman, R. M. Deve]opment of Views and Preferences - C. A
paper presented to the annual meeting of the Wational Association for Research
in Science Teaching, Detroit, 1973.

Seymour, L. A., Bingman, R. M., Koutnik, P. G., Padberg, L. F., Havlicek, L. L.,
Kocher, A. T., and Burton, K. A. The measurement of program implementation and.
students' cognitive, affective, and social performance in a field test of the
Inquiry Role Approach (1972- 73) ITI. Evaluation of the Inquiry Role Approach
methodology. A paper presented to the annual meeting of tne ilational Assoc1at1on
for Research in Science Teach1ng, Chicago, 1974. o

Steele, J., House, E., and Ker1ns, T. An instrument for assessing instructional
c11mate through low inference student judgments. American Educational Research
Journa] 1971, 8 449, .

Ste1ner, H. E. A study of the relationship between teacher practices and student
performance of selected inquiry process behaviors in the affective domain in
high school biology classes. Unpublished doctoral dissertation, University of
Texas, Austin, 1970. :

Suchman, J. R. The Elementary School Training Prqgram in scientific inquiry.
Project 216, U. S. Office of Education. University of f ITTinois, Urbana, 1962.

Tiegs, E. W., and Clark, W. W. California basic skills test. New York: Houghton
Mifflin Company, 1955-56. ' ' ‘

Watson, G., and Glaser, E. M. Watson-Glaser critical thinking appraisal, Form Yi.
New York: Harcourt, Brace and World, 1961.




