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AN EXPERMENTAL EVALUATION OF THE EFFECTIVENESS
OF SELECTED TECHNIQUES AND RESOURCES

ON INSTRUCTION IN VOCATIONAL AGRICULTURE
by

Alan A. Kahle,-

PURPOSE OF THE STUDY

One of the most pressing problems confronting agricultural educators is that of making
instruction in vocational agriculture at the secondary school level more relevant and realistic to
the student. With current changes in secondary school scheduling patterns, the importance of this
problem becomes even more acute. In recent years, several new instructional techniques and
resources have appeared on the educational scene that offer promise of achieving more student
involvement in the learning process. These techniques, however, have been used largely in other
disciplines within the high school curriculum. Information is needed that will evaluate their
effectiveness and use in secondary school programs of vocational agriculture.

The central problem of this study was to evaluate the effects of selected treatment and
classification factors and their interactions on instruction in the vocational agriculture program.
The central problem was elaborated into the following parts:

1. To compare seven "pilot" programs of teaching vocational agriculture with a "control"
group, with all eight groups incorporated into an experimental design.

2. To examine the relative effectiveness of eight instructional approaches in teaching
vocational agriculture. These approaches were identified as:
a. Audio-tutorial
b. Single concept film
c. i_epared lesson plan
d. Field trip
e. Demonstration
f. Video-tape
g. Overhead projected transparency
h. Traditional

3. To investigate the effects of classification factors pertaining to high school students on
the dependent variables, and to study the interactions of classification factors by
treatment factors.

The principal objectives of the study were:

1. To test new instructional techniques and resources in the teaching of vocational
agriculture in Iowa.

2. To determine the effectiveness of these techniques and resources on student
achievement at each of the four high school grade levels in subject matter studied at
each grade level.

3. To compare the effectiveness of individual and group instructional techniques and
resources on student achievement in vocational agriculture.

The study was supported with funds provided through the Research Coordinating Unit,
Vocational Education Branch, Iowa Department of Public Instruction, and the Iowa State
University Agriculture and Home Economics Experiment Station. The study was conducted
under the supervision of staff members in the Department of Agricultural Education assisted by
graduate students in agricultural education.
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DELIMITATIONS OF THE STUDY

The study was limited to an investigation of eight instructional approaches in 48 randomly
selected Iowa high school vocational agriculture programs that were approved four-year programs
with enrollments of 35 students or more. Each of the schools selected to participate in the study
were conducting four regular day classes at each of four grade levels: ninth grade, tenth grade,
eleventh grade, and twelfth grade. Excluded from the study were schools in which teachers were
experiencing their first year of teaching.

The experiment covered a time period of 15 consecutive instructional days and instructional
materials designed by the investigators specifically for use in the study. The instructional
materials used by all schools dealt with animal health in the ninth grade, commercial fertilizers in
the tenth grade, small gasoline engines in the eleventh grade, and farm credit in the twelfth grade.
Outlines of the materials covered at each grade level are provided in Appendix A.

METHOD OF PROCEDURE

Definition of Terms

In order to clarify the meanings of various terms used in this experiment, the following
definitions were made:

I. Treatment factor. A treatment factor is a condition of the experiment controlled by the
investigators. The "pilot" programs, therefore, were instructional factors.

Classification factor. A classification factor is a natural stratification or dichotomization
of schools or pupils on a variable of interest, which is not subject to control by the
investigators except that the levels of ranked quantitative factors may be determined by
the investigators.

3. Experimantal unit. The design of the experiment called for the treatment to be applied to
schools, as intact units. Hence, the school was the prime experimental unit.

4. Schools. Schools referred to the high school attendance unit, to the department of
vocational agriculture within the school, and/or to the school community.

5. Instructional approach. An instructional approach was one that provided a specific
approach to providing instruction in a given situation. In this investigation, they were
referred to as (1) audio-tutorial, (2) single concept film, (3) prepared lesson plan, (4) field
trip, (5) demonstration, (6) video-tape, (7) overhead projected transparency, (8)
traditional.

6. Pilot program. A pilot program is a planned activity for testing a new idea in a realistic
field situation.

7. Organismic variable. Classification of students based on physical, physiological, and
psychological characteristics.

8. Concomitant variable. Classification of students based on factors associated with the
students involved in the investigation.
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Selection of Sample

High schools in Iowa offering an approved four-year program of vocational agriculture with
an enrollment of 35 students or more were identified and listed for sampling. Using the table of
random numbers, 48 high schools were randomly selected for inclusion in the study and each
randomly assigned to one of the eight treatment groups. School administrators, vocational
agriculture instructors, and guidance directors in each of the selected schools were contacted by a
member of the research team to solicit their participation in the study. In the event that a school
was unable to participate in the study, appropriate substitutions were made from the list of
alternate schools selected randomly for this purpose. Table 1 reveals the treatments, schools,
instructors, and number of students who participated in the experiment.

Development of Instructional Techniques and Subject Matter Materials

Research team members were assigned an instructional technique and a subject matter area to
study for use in the experiment. Their findings were evaluated by the research team and
developed for use in the experimental schools. The subject matter areas selected for use in the
study were units typically taught in vocational agriculture programs in Iowa at each grade level.
Unit outlines and problem areas with behavioral objectives and references were developed by
project staff members. Each problem area within each unit was assigned a day on which it was to
be taught in the experimental schools. Teachers in all 48 schools had the same unit outlines and
reference materials to follow during the experiment. Reference materials for part of the units
were obtained from commercial sources while others were written by project staff members.

Development and Administration of Pre- and Post-Tests

Using the unit outlines and the reference materials developed for each of the subject matter
ai,as, four pre-tests were developed by a project staff member who was unfamiliar with the
materials being stressed through each of the instructional techniques. The questions on each test
were developed to measure prior knowledge of the subject matter and were keyed to specific
behavioral objectives stated in the problem area outlines. Questions on each test were derived
from the reference materials studied in each unit.

The pre-tests were mailed to the guidance director in each of the experimental schools. On
the day prior to the beginning of the experiment, the appropriate test was administered to each
vocational agriculture class in the school. On the last day of the experiment, the guidance
director in each school readministered the appropriate pre-test to each vocational agriculture
class. This test served as the post-test.

The results of the post-test were submitted to an item analysis to determine the reliability of
the pre- and post-tests. Post-test results were used to test for reliability because of a lack of
available pre-test situations where the same units were taught in the same manner as was
proposed in the project. The following reliability coeficients were derived from the item analyses
on the post-test results: animal health, .85; commercial fertilizer, .85, small gasoline engines, .85;
and farm credit, .87.

In addition to the student pre- ana post-tests, four tests were developed by a project staff
member and subject matter specialists at Iowa State University to measure the knowledge of the
instructor in each of the subject matter areas included in the study. These tests were administered
to the teachers participating in the study twice; once before the experiment began and again after
the experiment had closed. Item analysis of the instructor post-tests provided the following
reliability coefficients: animal health, .80; commercial fertilizer, .87; small gasoline engines, .85;
and farm credit, .84.
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Collection of Student and Instructor Data

Prior to and during the field testing of the instructional techniques and resources, the
following data was collected on the students and instructors to study the effects and interactions
of these factors on the dependent variables. This information was collected by the school
guidance director and relayed directly to project staff members at Iowa State University.

Student information

Otis Quick Scoring Mental Ability Test
Differential Aptitude Test

Abstract Reasoning Section
Verbal Reasoning Section
Mechanical Reasoning Section

Kuder General Interest SurveyForm E
Nebraska Test of Agricultural Achievement
Crop acres on students' home farms
Total acres on students' home farms
Total animal units on students' home farms
Total number of brothers and sisters
Semesters of science completed
Semesters of mathematics completed
Semesters of vocational agriculture completed

Instructor information

Tenure in present school
Tenure in teaching vocational agriculture
Minnesota Teacher Attitude Inventory
Teacher knowledge of subj ct matter

School information

Class enrollments
Total enrollment in vocational agriculture program

Since the randomization process was applied to the experimental unit (schools) and not
directly to students within schools, all comparisons using the above factors were made using
treatment means derived from school means.

Training of Teachers

Two meetings of all teachers who participated in the project were held during the initial
stages of the study. The first meeting explained in depth the purpose and design of the study, the
controls imposed on the experiment, and the importance of each teacher adhering rigidly to these
controls. During this meeting the instructor pre-tests were administered.

The second meeting was a training meeting held on the campus of Iowa State University.
Teachers assigned to the different treatment groups met with the nersons responsible for
developing the instructional techniques and resources for their schools. During this meeting the
teachers were familiarized with the instructional techniques and resources to be used in their
schools, the instructional materials and equipment they were to use in implementing the
instructional approaches, and were trained in the use of these materials and equipment.

11
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Analysis of Data

All data collected on students was coded and transferred to 80 column IBM cards. School
means were computed for each variable and used to derive treatment means upon which all
analyses were made. The following statistical techniques were used in analyzing the data.

1. Means
2. Two-factor experiment with repeated measures
3. Stepwise regression analysis
4. Analysis of variance
5. Analysis of co-variance
6. Test for least significant difference

Models used in testing for significance are provided below.

Analysis of variance

Ylj= u +Bj +e1

where:
Y = any observation, i = 1,. . .6, j = 1,. . . .8
ulj = mean of the observations
B = effect of the treatment
e = random error
.

1 = number of schools per treatment
j = number of treatments

Analysis of co-variance

Yij = u + ai + Bi x + B2x2, Bkxk +
eij

where:

.1
= class post-test mean scores

U = overall mean
ai = treatment effect, i = 1,. ...8
Blx1= B1= partial regression coefficient of Y on X1

x1= deviation of the mean of Xlij from the overall mean X1
elj = random error

Two-factor experiment with repeated measures

Yip( = u +a1 +sij + Bk + (abik) + euk

where:
Yk = pre- and post-test class means
u = overall mean

= effect of treatment, i = I....8
st = effect of the jth class, ith treatment, j = 1,... .6
Bk = B = effect of the repeated measure

k =1 for pre-test, 2 for post-test
al)* = interaction k repeated measure within the jth treatment
eijk = random error

Stepwise regression

Ylj = Bo + B1x1 + B2x2 Bixi + eij

where:
Y.-

1J
= class post-test mean

Bo = intercept of vertical axis
Blx1= B1 = partial regression coefficient of Y and X1

= deviation k_f the mean of X11 from the overall mean X1 12
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FINDINGS

Due to the fact that different subject matter was used at each of the tour grade levels and
that achievement was measured with different pre- post-test instruments, the data were analyzed
by grade levels. The findings presented henceforth are presented in parts corresponding to the
subject matter studied at each grade level.

Part I Animal Health

Data in Table 2 reveal the treatment means for each of the variables analyzed in the study. It
was observed that the greatest difference between the pre- and post-test mean scores was for the
control group and that this group had the highest post-test mean score. It was further observed
that there existed a 12.30 point difference between the high (control) and low (demonstration)
post-test group means when compared by treatment.

Analysis of the organismic variable means by treatment groups revealed that the control
means tended to be in the middle of or lower than the means of the treatment groups.
Comparisons of the concomitant variable means revealed that the control means tended to be in
the middle of or lower than the means of the treatment groups. Comparisons of the concomitant
variable means revealed rather large differences in favor of the control group for crop acres, total
acres, and animal units on the students' home farms. For the variables dealing with enrollment
and teacher tenure, the control group had the lowest means.

Hoi There are no significant differences among group pre-test mean scores in animal health

The mean pre-test mean scores are presented in Table 2. It was observed among the treatment
means that four were higher and three were lower than the control mean. The greatest clifFerence
between any two group means was observed to be 7.67 points, that being between the single
concept film and video-tape groups.

An analysis of variance was computed on the eight group means to test for differences among
groups using the model described in the preceding chapter. It was observed in Table 3 that a
nonsignificant F-value of 2.0191 was derived and the null hypothesis stated above was not
rejected.

Ho2 There are no significant differences among group post-test mean scores in animal health

The post-test mean scores classified by treatment group are presented in Table 2. Differences
among group means were analyzed in Table 4. It was observed that a nonsignificant F-value of
1.7309 was derived as a result of the analysis of variance test. These findings support the null
hypothesis that there were no differences among group post-test mean scores in animal health.

To ascertain whether differences existed among the combined treatment pre-test and
post-test mean scores, treatment pre- and post-test scores and the effect of treatment on these
differences, a two-factor experiment with repeated measures was conducted on the eight
treatment groups. The model used to derive the statistics to test the above hypotheses was
presented in the preceding chapter.

Data presented in Table 5 provide the results of this anl lysis. A nonsignificant F statistic of
1.9808 observed between groups caused failure to reject thc null hypothesis that there were no
differences among the combined treatment pre-test and pc ;t -test score differences. A similiar
observation was made and conclusion drawn for the interaction between treatment and pre-
post-test score differences. A highly significant, F statistic (433.9226) was observed, however, for
treatment pre- and post-test score differences. In this case, the null hypothesis that there was no
difference between treatment pre- and post-test scores was rejected and the alternate hypothesis
that treatment pre- and post-test scores were different was accepted.

13
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Table 3. Analysis of variance of pre-test scores by treatment group in animal healt1

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

234.6797

664.1602

898.8398

33.5257

16.604

2.0191

aTable value at the .05 level with 7 and 40 degrees of freedom was 2.25.

Table 4. Analysis of variance of post-test scores by treatment group in animal health

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

701.8828

2317.117

3019.0

100.269

57.9279

1.7309

aTable value at the .05 level with 7 and 40 degrees of freedom was 2.25.

Ho3 There are no significant differences among the combined treatment pretest and post-test
mean scores in animal health

Ho4 There are no significant differences among treatment pre- and post-test mean scores in
animal health

I-105 There is no interaction among treatment and pre- and post-test mean score differences in
animal health

To analyze what factors could be most directly affecting the relationships between treatment
post-test means, a stepwise regression analysis was conducted on all organismic and concomitant
variables on which data had been collected. The stepwise regression model was identified and
defined in the preceding chapter. In Table 6, the eight variables having the most influence on the
post-test means are identified. It was observed that these eight variables accounted for .7586
percent of the variance among group means. Of this percentage, 88 percent was attributable to
the agricultural achievement score, pre-test score, crop acres on the students' home farm, and
teacher knowledge of subject matter.

16
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Table 5. Two-factor experiment with repeated measure analysis of pre- and post- est mean
scores in animal health

Source of variation Degrees of
freedom

Sum of
squares

Mean
squares Fa

Between groups 7 770.2468 110.03524 1.9808

Error a 40 2240.25488 56.00636

Pre- post-test difference 1 8044.453125 8044.45313 433.9226**

Interaction between treatment
and test differences 7 166.2286 23.74695 1.2809

Error b 40 741.55639 18.53891

Total 95 11962.7461

arable value at the .01 level with one and 40 degrees of freedom was 7.31. Table value at the
.05 level with 7 and 40 degrees of freedom was 2.25.

Ho6 There are no significant differences among treatment mean scores in animal health when
controled on crop acres on home farm, agricultural achievement score, pre-test score, and
teacher knowledge of subject matter

Using the data provided in Table 6, an analysis of covariance test was conducted on the
post-test scores controlling on crop acres on home farm, agricultural achievement score, pre-test
score, and teacher knowledge of subject matter. The analysis of covariance model used to test for
these differences was presented and described in the preceding chapter. The results of this test are
provided in Table 8. A nonsignificant F-value of .312 revealed no differences among groups when
controlling for these variables and the null hypothesis stated above was accepted.

Using the beta values derived through the analysis of covariance test, adjusted means were
computed to analyze what differences occurred between groups when controlling on the above
variables. The adjusted means are presented in Table 8. It was observed that five of the group
means decreased in value, whereas three group means had increased in value. In all comparisons
between treatment and control means, the adjusted control mean was higher than the adjusted
treatment mean. It was further observed that in those treatment groups that involved a high
degree of independent student study, the adjusted mean was higher than the unadjusted mean.
For those treatment groups that were oriented to group instruction, the adjusted mean was lower
than the unadjusted mean. As was revealed in Table 7, however, these differences were not
significantly different. Pre-test and agricultural achievement scores accounted for the majority of
the adjustment between group means.

Part II Commercial Fertilizer

The treatment dependent, organismic, and concomitant variable means for the commercial
fertilizer unit are presented in Table 9. It was observed that the greatest difference between pre-
and post-test mean scores was for the single concept film group. The field trip group had the
highest pretest mean score and control had the highest post-test mean score. It was further
observed that there existed a 9.54 point difference between the high (control) and low
(audio-tutorial) post-test group means when compared by treatment.
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Table 6. Stepwise regression analysis of organismic and concomitant variables (X) on the
dependent variable post-test (Y) in animal health (F-value to enter or remove = 3.00)

Step Activity Variable Multiple R F

1 Enter Agricultural achievement
score .4137 3.629

2 Enter Pre-test score .5084 13.243
3 Enter Crop acres on home farm .5883 5.9835
4 Enter Intelligence quotient .6327
5 Enter Teacher knowledge of

subject matter .6606 4.976
6 Enter Kuder-Persuasive .6927 11.766
7 Remove Intelligence quotient .6779
8 Enter Kuder-Artistic .7126 6.664
9 Enter Differential Aptitude Test-

Abstract Reasoning Section .7396 3.513
10 Enter Kuder-Literary .7586 3.065

Table 7. Analysis of covariance for post-test differences among groups in animal health
controlling for crop acres on home farm, agricultural achievement score, pre-test score,
and teacher knowledge of subject matter

Source of variation
Residuals

Degrees of Sum of Mean
freedom squares square Fa

Between groups 7 63.825 9.118 .312

Error 36 1051.291 29.203

aTable value at the .05 level with 7 and 36 degrees of freedom was 2.28.

Table 8. Animal health treatment means adjusting for differences due to pre-test score, crop
acres on home farm, agricultural achievement score, and teacher knowledge of subject
matter

Treatment Unadjusted Adjusted
mean mean

Audio-tutorial 48.06 51.98
Demonstration 54.27 51.26
Field trip 52.94 51.38
Prepared lesson plan 50.11 53.72
Single concept film 45.71 51.59
Overhead projected transparency 55.96 52.47
Video-tape 54.63 51.05
Traditional (control) 57.57 54.85

18
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Analysis of the organismic variable means stratified by treatment groups revealed that for the
variables dealing with student achievement and aptitude, the control group had the highest mean
scores. For the remaining variables, the control means tended to be in the middle of or lower
than the treatment means. Comparisons of the concomitant variables revealed that the control
group had the highest mean for crop acres in home farm, total crop acres, and animal units on the
students' home farms. For the variables dealing with enrollment and teacher tenure, the control
group had the lowest mean scores.

Ho7 There are no significant differences among group pre-teft mean scores in commercial
fertilizer

An analysis of variance test was conducted on the pre-test means presented in Table 9 to test
for differences among group means. The results of this test are presented in Table 10. The
nonsignificant F-value of 1.4046 revealed no differences and the null hypothesis was not rejected.
Table 10. Analysis of variance of pre-test mean scroes by treatment group in commercial

fertilizer
Source of variation Degrees of

freedom
Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

188.691

767.65

956.344

26.956

19.191

1.405

aTable value at the .05 level with 7 and 40 degrees of freedom was 2.25.

Ho8 There are no significant differences among group post-test mean scores in commercial
fertilizer

The mean post-test scores presented in Table 9 were tested for differences using the same
technique used to test for differences among pre-test scores. It was observed in Table 11 that an
F statistic of .7853 was derived from this test and the null hypothesis that there were no
differences among group post-test mean scores in commercial fertilizer was accepted.

Table 11. Analysis of variance of post-test mean scores by treatment group in commercial
fertilizer

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

418.254

3043.308

3461.562

59.751

76.083

.7853

aTable value at the .05 level with 7 and 40 degrees of freedom was 2.25.

Ho 9 There are no significant differences among the combined treatment pre-test and post-test
mean scores in commercial fertilizer

Ho 10 There are no significant differences among treatment pre- and post-test mean scores in
commercial fertilizer

Ho 11 There is no interaction among treatment and pre- post-test mean score differences in
commercial fertilizer
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A two-factor experiment with repeated measures was conducted on the treatment group
means to test the above hypotheses. It was observed in Table 12 that no differences existed
among the combined treatment pre-test and post-test mean scores and in the interaction between
treatment groups and test differences causing the acceptance of Hoff and Hon . A highly
significant (significant at the .01 level) F-value of 249.81 was observed for treatment pre- and
post-test differences. The null hypothesis that there was no difference between treatment pre-
and post-test scores was rejected and the alternate hypothesis that the treatment pre- and
post-test scores were different was accepted.

A stepwise regression analysis was conducted on the organismic and concomitant variables
wing the post-test as the Y variable to identify those variables most directly affecting the
differences between the treatment post-test means. The results of this analysis are presented in
Table 13. It was observed that 13 variables accounted for 88 percent of the variance and that six
or these variables accounted for 89 percent of this variance. Included among those five variables
were the pre-test score, Differential Aptitude TestAbstract Reasoning, Kuder-Social Service,
Kuder-Clerical, and semesters of vocational agriculture.

Ho12 There are no significant differences among treatment mean post-test scores in
commercial fertilizer controlling on crop acres on home farm, Differential Aptitude
TestAbstract Reasoning, and pre-test scores.

Table 12. Two-factor experiment with repeated measures analysis of pre- and post test mean
scores in commercial fertilizer

Source of variation Degrees of
freedom

Sum of
square!:

Mean
square Fa

Between groups 7 465.511 66.501 .8789

Error a 40 3026.526 75.663

Pre- and post-test mean
differences 1 4901.016 4901.016 249.815**

Interaction between treat-
ment and test
differences 7 141.317 20.180 1.029

Error b 40 784.745 19.619

Total co
.... 9319.121

aTable value at the .01 level with one and 40 degrees of freedom was 7.31. Table value at the
.05 level with 7 and 40 degrees of freedom was 2.25.
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Table 13. Stepwise regression analysis of organismic and conccmitant variables (X) on the
dependent variable post-test (Y) in commercial fertilizer (F value to enter or
remove = 3.000)

Step Activity Variable Multiple R

1 Enter Pre-test score .4972 18.290
2 Enter Agricultural achievement score .6202
3 Enter Differential Aptitude Test

Abstract Reasoning Section .6840 40.584
4 Enter Kuder-Social Service .7323 24.762
5 Enter Kuder-Clerical .7612 20.913
6 Enter Semesters of vocational agriculture .7911 24.789
7 Enter Teacher tenure in present school .8131 3.605
8 Enter Crop acres on home farm .8348 8.417
9 Remove Agricultural achievement score .8235

10 Enter Kuder-Scientific .8419
11 Enter Kuder-Artistic .8572 6.762
12 Enter Kuder-Mechanical .8698 7.350
13 Remove Kuder-Scientific .8611
14 Enter Kuder-Computational .8792 6.129
15 Enter Kuder-Scientific .8887 3.071

An analysis of co-variance test was conducted on the group means controlling for crop acres
on home farm, Differential Aptitude TestAbstract Reasoning, and pre-test scores. Selection of
the above co-variates was based on data provided in Table 13. The results of this test are provided
in Table 14.

An F-statistic of 2.46 was derived from the analysis of co-variance test described above. An
F-value of 2.27 was required for significance at the .05 level of confidence. The null hypoth,
was rejected and the alternate hypothesis that there were differences among treatment mean
post-test scores in commercial fertilizer when controlling on crop acres on home farm,
Differential Aptitude Test Abstract Reasoning and pre-test scores was accepted.

Adjusted means, when equated for differences due to the co-variates described in Ho12, are
provided in Table 15. It was observed that all adjusted treatment means were higher than the
adjusted control mean. The highest adjusted mean was observed for the video-tape group (50.75)
and the greatest adjustment between the original and adjusted mean occurred for the control
group (11.23). For all but two (demonstration and overhead projected transparency) treatment
groups, the adjusted mean was higher than the unadjusted mean. The variables causing the
greatest adjustment in means were found to be Differential Aptitude TestAbstract Reasoning
and pre-test scores.

Table 14. Analysis of co-variance for post-test differences among treatments in commercial
fertilizer controlling for Differential Aptitude TestAbstract Reasoning, prE t
score, and crop acres on students' home farms

Source of variation

Residuals

Degrees of Sum of Mean
freedom squares square Fa

Between groups 7 413.431 59.062 2.46*

Error 37 887.123 23.976

aTable value at the .05 level with 7 and 37 degrees of freedom was 2.27.
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To determine which of the treatment means were significantly different, a least significant
difference test was made on all mean differences. The mean differences and the test results are
presented in Table 16. It was observed that the mean differences for the field trip, single concept
film, and video-tape groups exceeded the least significant difference value of 9.60.

Table 15. Commercial fertilizer treatment means adjusting for differences due to Differential
Aptitude Test-Abstract Reasoning, pre-test score and crop acres on students' home
farms.

Treatment Unadjusted Adjusted
mean mean

Audio-tutorial 38.72 43.15
Demonstration 43.38 41.44
Field trip 48.15 48.24
Prepared lesson plan 44.87 46.02
Single concept film 46.30 48.54
Overhead projected transparency 47.12 45.09
Video-tape 44.02 48.85
Traditional (control) 48.26 37.03

Table 16. Least significant differences between adjusted treatment means in commercial fertilizer

Treatmenta
Treatment 2 3 4 5 6 7 8

1 4.41 6.12 8.06 8.99 11.23'b 11.51* 11.82**
2 1.71 3.63 4.58 6.80 7.10 7.41
3 1.94 2.87 5.09 5.39 5.70
4 .93 3.15 3.45 3.76
5 2.22 2.52 2.83
6 .30 .61
7 .31

aTreatment numbers represent the following: 1 = control, 2 = demonstration, 3 =
audio-tutorial, 4 = overhead projected transparency, 5 = prepared lesson plan, 6 = field trip, 7 =
single concept film, 8 = video-tape.

bLeast significant difference was 9.60.

Part III Small Gasoline Engines

Comparisons of the pre-test mean scores by treatment group in Table 17 revealed that the
control group mean was lowest and that a 6.52 mean difference existed between the high
(audio-tutorial group) and low (control) means. Similar comparisons made between the post-test
mean scores revealed, however, that the control group had the high mean (68.44) whereas the
video-tape group had the low mean (58.88) and that a difference of 9.56 points existed between
these two means.

Comparisons between the organismic variables dealing with student achievement and aptitude
revealed that with the exception of the Differential Aptitude Test-Mechanical Reasoning, the
control group had the highest means. For the Differential Aptitude Test-Mechanical Reasoning
variable, the control group had the second lowest group mean. Analysis of the concomitant
variables revealed that the control group had the highest mean for crop acres, total acres, and
animal units on the students' home farms. For the variables dealing with enrollment and teacher
tenure, the control group had the lowest mean scores.

Ho13 - There are no significant differences among group pre-test mean scores in small gasoline
engines



T
ab

le
 1

7.
 D

ep
en

de
nt

, o
rg

an
is

m
ic

, a
nd

 c
on

co
m

ita
nt

 v
ar

ia
bl

e 
tr

ea
tm

en
t m

ea
ns

 in
 s

m
al

l g
as

ol
in

e 
en

gi
ne

s

V
ar

ia
bl

e
T

re
at

m
en

t m
ea

ns
a

1
T

2
'1

3
T

4
T

5
T

6
T

7
T

8

D
ep

en
de

nt
P

re
-t

es
t

44
.9

3
40

.4
1

40
.2

8
43

.0
8

41
.2

3
40

.5
4

41
.3

3
38

.4
2

P
os

t-
te

st
62

.9
2

63
.0

8
61

.4
7

63
.8

3
61

.8
9

63
.4

4
58

.8
8

68
.4

4

O
rg

an
is

m
ic

In
te

lli
ge

nc
e 

qu
ot

ie
nt

99
.0

9
10

1.
28

99
.0

9
10

2.
31

98
.7

6
10

0.
17

10
0.

35
10

4.
72

D
iff

er
en

tia
l A

pt
itu

de
 T

es
t-

M
ec

ha
ni

ca
l R

ea
so

ni
ng

56
.9

1
51

.8
6

54
.5

4
55

.9
6

50
.3

8
48

.4
9

54
.5

0
51

.1
4

A
bs

tr
ac

t R
ea

so
ni

ng
46

.1
8

53
.9

9
57

.8
4

48
.9

0
53

.9
7

52
.0

4
44

.0
8

60
.8

5
V

er
ba

l R
ea

so
ni

ng
43

.2
7

49
.0

2
47

.3
6

46
.4

4
44

.0
9

47
.0

3
38

.6
1

52
.6

0
A

gr
ic

ul
tu

ra
l a

ch
ie

ve
m

en
t

sc
or

e
47

.7
0

57
.7

1
59

.7
4

62
.3

1
55

.0
4

59
.4

5
52

.8
6

61
.2

6
K

ud
er

-O
ut

do
or

65
.5

9
71

.8
4

77
.8

8
66

.5
8

75
.6

1
74

.2
2

68
.5

0
74

.2
9

K
ud

er
-M

ec
ha

n 
ic

a 
I

49
.1

9
57

.7
3

59
.7

2
55

.5
6

59
.1

8
60

.5
3

50
.7

6
51

.5
8

K
ud

er
-C

om
pu

ta
tio

na
l

47
.5

5
52

.9
5

50
.6

1
50

.2
6

50
.7

4
48

.6
3

44
.9

6
51

.6
4

K
ud

er
-S

ci
en

tif
ic

32
.7

4
33

.4
3

33
.9

6
34

.5
5

37
.9

0
33

.9
7

30
.3

3
31

.4
2

K
ud

er
-P

er
su

as
iv

e
45

.9
7

53
.8

5
55

.9
3

51
.1

7
54

.1
7

57
.2

6
44

.5
6

58
.7

5
K

ud
er

-A
rt

is
tic

41
.7

9
52

.4
9

42
.6

5
47

.8
5

46
.4

6
44

.4
6

42
.8

0
44

.1
0

K
ud

er
-L

ite
ra

ry
46

.6
4

44
.7

0
46

.0
3

47
.0

3
48

.5
4

44
.8

7
45

.1
0

47
.8

5
K

ud
er

-S
oc

ia
l S

er
vi

ce
44

.1
3

48
.2

4
49

.2
0

45
.2

0
45

.3
8

53
.9

4
41

.9
2

:3
0.

52
K

ud
er

-C
le

ric
al

59
.7

2
61

.6
3

59
.4

1
58

.3
8

60
.6

6
56

.9
6

53
.9

3
56

.9
0

S
em

es
te

rs
 o

f s
ci

en
ce

3.
0

3.
2

3.
6

2.
7

3.
9

3.
7

3.
0

3.
6

S
em

es
te

rs
 o

f m
at

he
m

at
ic

s
3.

5
3.

5
3.

4
3.

3
3.

4
3.

7
3.

2
3.

8
S

em
es

te
rs

 o
f v

oc
at

io
na

l

ag
ric

ul
tu

re
5.

1
5.

1
5.

4
5.

3
5.

4
6.

2
4.

6
5.

6

C
on

co
m

ita
nt

C
ro

p 
ac

re
s 

on
 h

om
e 

fa
rm

16
4.

85
21

3.
55

24
5.

37
17

3.
48

23
0.

89
20

1.
63

19
13

5
26

7.
94

N
on

cr
op

 a
cr

es
 o

n 
ho

m
e 

fa
rm

38
.6

3
56

.4
3

60
.3

3
56

.7
9

71
.9

4
63

.3
3

63
.6

8
58

.6
3

aT
1 

=
 A

ud
io

-t
ut

or
ia

l, 
T

2 
=

 D
em

on
st

ra
tio

n,
 T

3 
=

 F
ie

ld
 tr

ip
, T

4 
=

 P
re

pa
re

d 
le

ss
on

 p
la

ns
, T

5 
=

 s
in

gl
e 

co
nc

ep
t f

ilm
s,

 T
6 

=
 O

ve
rh

ea
d 

pr
oj

ec
te

d 
tr

an
sp

ar
en

cy
,

T
7 

=
 V

id
eo

-t
ap

e,
 T

8 
=

 T
ra

di
tio

na
l (

co
nt

ro
l)



T
ab

le
 1

7 
(c

on
tin

ue
d)

V
ar

ia
bl

e
T

re
at

m
en

t m
ea

ns
T

1
T

2
T

3
T

4
T

5
T

6
T

7
T

8

T
ot

al
 a

cr
es

 o
n 

ho
m

e 
fa

rm
20

3.
48

27
1.

97
30

4.
91

19
9.

62
27

4.
23

23
9.

99
23

7.
16

27
9.

07
A

ni
m

al
 u

ni
ts

 o
n 

ho
m

e 
fa

rm
96

.7
3

68
.6

7
11

4.
39

12
2.

36
84

.4
7

12
1.

31
92

.8
3

24
9.

93
T

ot
al

 b
ro

th
er

s 
an

d 
si

st
er

s
3.

8
3.

2
3.

6
3.

7
4.

8
3.

6
3.

3
3.

0
C

la
ss

 e
nr

ol
lm

en
t

14
.3

3
14

.0
0

14
.6

7
12

.1
7

13
.1

7
11

.6
7

14
.8

3
9.

67
D

ep
ar

tm
en

ta
l e

nr
ol

lm
en

t
59

.3
3

53
.6

7
51

.6
7

49
.6

7
54

.0
0

50
.5

0
58

.5
0

39
.1

7
T

ea
ch

er
 te

nu
re

 in
 p

re
se

nt
sc

ho
ol

9.
7

17
.3

6.
2

9.
0

9.
3

8.
0

10
.7

4.
8

T
ea

ch
er

 te
nu

re
 in

 te
ac

hi
ng

vo
ca

tio
na

l a
gr

ic
ul

tu
re

13
.3

17
.3

8.
0

13
.2

11
.5

10
.5

12
.6

6.
8

T
ea

ch
er

 k
no

w
le

dg
e 

of
su

bj
ec

t m
at

te
r

31
.0

0
10

.1
7

23
.0

0
25

.3
3

27
.1

7
31

.1
7

30
.1

7
31

.5
0

M
in

ne
so

ta
 T

ea
ch

er
 A

tti
tu

de
In

ve
nt

or
y

41
.8

3
65

.6
0

59
.3

3
21

.1
7

43
.5

0
38

.3
3

64
.5

0
52

.6
7



22

To determine whether the differences among the treatment pre-test means presented in Table
17 were significant, they were submitted to an analysis of variance test. The results of this test
are presented in Table 18. A nonsignificant F-statistic of .4676 was derived from this test and the
null hypothesis that there were no differences among group pre-test scores in small gasoline
engines was accepted.

Table 18. Analysis of variance of pre-test mean scores by treatment group in small gasoline
engines

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

162.160

1981.562

21843.812

23.1657

49.5413

.4676

aTable value at .05 level with 7 and 40 degrees of freedom was 2.25.

Ho14 There are no significant differences among group post-test mean scores in small gasoline
engines

It was observed in Table 17 that the greatest difference among group means was 9.56 points
and that this difference existed between the video-tape and control groups. To determine
whether this or other mean differences were significantly different, the group mean post-test
scores were also submitted to an analysis of variance test. The results of this test, presented in
Table 19, revealed a nonsignificant F-value of 1.02 and the null hypothesis as stated was
accepted.

Table 19. Analysis of variance of post-test mean scores by treatment group in small gasoline
engines

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

309.1602

1728.714

2037.875

44.1657

43.218

1.02

aTable value at .05 level with 7 and 40 degrees of freedom was 2.25.
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Table 20. Two-factor experiment with repeated measure analysis of pre- and post-test mean
scores in small gasoline engines

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups 7 155.556 22.222 .344

Error a 40 2579.312 64.483

Pre- and post-test mean
differences 1 11315.617 11315.617 399.781

Interaction between treat-
ment and test
differences 7 315.556 45.079 1.593

Error b 40 1132.182 28.305

Total 95 15498.227

arable value at the .01 level with one and 40 degrees of freedom was 7.31. fable value at the
.05 level with 7 and 40 degrees of freedom was 2.25.

Table 21. Stepwise regression analysis of organismic and concomitant variables (X) on the
dependent variable post-test (Y) in small gasoline engines (F-value to enter or
remove = 3.000)

Step Activity Variable Multiple R
1 Enter Agricultural achievement

score .3537 20.050
2 Enter Intelligence quotient .4677 12.644
3 Enter Non-crop acres on home farm .5324 7.161
4 Enter Semesters of vocational

agriculture .5821 5.855
5 Enter Teacher knowledge of subject

matter .6235 4.614
Ho15 There are no significant differences among the combined treatment pre-test and post-test

mean scores in small gasoline engines in small gasoline engines
Ho 16 There are no significant differences among treatment pre- and post-test mean scores in

small gasoline engines
Ho17 There is no interaction between treatment and pre- post-test mean score differences in

small gasoline engines

Through the use of a two-factor experiment with repeated measures, it was obs, -ved that
there were no differences among the combined treatment pre-test and post-test mean scores and
no interaction between treatment and pre- post-test score differences in small gasoline engines.
Evidence to support these conclusions is provided in Table 20 and Ho15 and Ho 17 as stated
above were accepted. The hypothesis that there were no differences between treatment pre- and
post-test scores in small gasoline engines stated above was rejected and the alternate hypothesis
accepted when a highly significant (significant at the .01 level) F-value of 399.781 was observed.

Data presented in Table 21 reveal the organismic and concomitant variables accounting for
the majority of the variance between group means. As was the case of earlier comparisons, the Y
variable was the post-test score. It was observed that five variables accounted for 62 percent of
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the variance among group means and that each of these variables contributed significantly to the
variance. Accounting for the largest part of the variance were the agricultural achievement score,
intelligence quotient, and noncrop acres on the students' home farms.

Ho 18 There are no significant differences among treatment mean post-test scores in small
gasoline engines controlling for teacher knowledge of subject matter, semesters of
vocational agriculture, non-crop acres on home farm, Kuder-Social Service, agricultural
achievement score, and intelligence quotient

Table 22. Analysis of co-variance for post-test differences among treatments in small gasoline
engines controlling for teacher knowledge of subject matter, semesters of vocational
agriculture, non-crop acres on home farm, Kuder-Social Service, agricultural
achievement score, and intelligence quotient

Soucre of variation
Residuals

Degrees of Sum of Mean
freedom squares square Fa

Between groups 7 126.065 18.009 1.036

Error 34 591.315 17.392

aTable value at the .05 level with 7 and 34 degrees of freedom was 2.30.

An analysis of co-variance test was conducted on the mean post-test scores in small gasoline
engines controlling for the variables described in the above hypothesis. The results of this test are
presented in Table 22. A non-significant F-value of 1.036 was derived from this test and the null
hypothesis was accepted.

Adjusted post-test mean scores in small gasoline engines were computed using the beta values
derived through the analysis of co-variance test in Table 22. The unadjusted and adjusted means
are presented in Table 23. It was observed that the adjusted means for the audio-tutorial, field
trip, single concept film, and video-tape groups were higher than the unadjusted means. It was
further observed that three adjusted group means (audio-tutorial, field trip, and single concept
film) were higher than the control mean where originally the control mean was higher than any
of the treatment means. While these changes in means reflect differences after equating for
variable differences in Table 23, they are not significantly different as was observed in Table 22.
Those co-variates observed to be contributing most to the adjustment of the treatment and
control means were agricultural achievement score, intelligence quotient, and teacher knowledge
of the subject matter.

Table 23. Small gasoline engines treatment means adjusting for differences due to teacher
knowledge of subject matter, semesters of vocational agriculture, non-crop acres on
home farm, Kuder-Social Service, agricultural achievement score, and intelligence
quotient

Treatment Unadjusted Adjusted
mean mean

Audio-tutorial 62.92 67.46
Demonstration 63.08 62.01
Field trip 61.47 63.94
Prepared lesson plan 63.83 63.71
Single concept film 61.89 65.77
Overhead projected transparency 63.44 60.25
Video-tape 58.88 62.45
Traditional (control) 68.44 63.51
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Part IV Farm Credit

Data in Table 24 reveal the group means for the dependent, organismic, and concomitant
variables in farm credit. For both the prc-test and post-test, the control group had the high mean
score and the audio-tutorial group had the low mean score. A difference of 7.75 points existed
between the high and low pre-test scores and a difference of 9.37 points existed between the high
and low post-test mean scores.

Comparisons of mean scores for the organismic variables revealed that the control group
mean tended to be in the middle of or higher than the treatment mean scores. This was
particularly evident for intelligence quotient, Differential Aptitude TestMechanical, Verbal, and
Abstract Reasoning mean scores. The opposite was observed for the agricultural achievement
scores. In this case, the control group mean was well below the majority of the treatment groups.
As was observed for the concomitant variables in the other subject matter areas, the control
group had the high mean for crop acres, total acres, and animal units on the students' home
farms. Similarly, for the variable dealing with enrollment and teacher tenure the control schools
had the low group means.

Ho19 There are no significant differences among group pre-test mean scores in farm credit

Data in Table 25 provide the results of an analysis of variance test to detect significant
differences among pre-test scores in farm credit. An F-value of .88 revealed no difference among
gro'ip pre-test mean scores and the hypothesis was accepted.

Ho20 There are no significant differences among group post-test mean scores in farm credit

It was observed in Table 24 that a 9.37 point difference existed between the high (control)
and low (audio-tutorial) group means. Data in Table 26 provide the results on an analysis of
variance test to determine whether this difference and other differences between treatment
means were significantly different. The resulting F-value of .94 revealed that these differences
were not significant and the hypothesis stated above was accepted.

Ho 21 There are no significant differences among the combined treatment pre-test and post-test
mean scores in farm credit

Ho22 There are no significant differences among treatment pre- and post-test n 'an scores in
farm credit

Ho23 There is no interaction between treatment and pre- post-test mean score differences in
farm credit

To determine whether differences existed among the combined treatment pre-test and
post-test mean scores, treatment pre- and post-test scores and the effect cf treatment on these
differences, a two-factor experiment with repeated measures was conducted on the eight
treatment groups.

Data in Table 27 revealed non-significant F-statistics between groups (.83) and the interaction
between treatment and test score differences (1.307). Based on these observations Ho 21 and
Ho23 were accepted as stated above. A highly significant F-statistic (200.14) for pre- and
post-test mean differences caused rejection of Ho22 and the alternate hypothesis that there were
differences between treatment pre- and post-test mean scores was accepted.

Following the same procedure in analyzing the relationship of the organismic and
concomitant variables to the post-test scores as was carried out in the other subject matter areas,
a stepwise regression analysis was made to determine those variables most directly affecting the
variance among group means. These variables are identified in Table 28. Only four variables were
identified through this statistical procedure and they accounted for 68 percent of the variance
among group means. All variables contributed significantly to the total variance among groups as
was reflected by the F-values derived for each variable.
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Table 25. Analysis of variance of pre-test mean scores by treatment group in farm credit

Source of varition Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

577.234

3752.765

4330.0

82.462

93.819

.88

aTable value at the .05 level with 7 and 40 degrees of freedom was 2.25.

Table 26. Analysis of variance of post-test mean scores by treatment group in farm credit

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups

Within groups

Total

7

40

47

483.141

2952.171

3435.312

69.02

73.804

.94

aTable value at the .05 level with 7 and 40 degrees of freedom was 2.25.

Table 27. Two-factor experiment with repeated measures analysis of pre- and post-test mean scores
in farm credit

Source of variation Degrees of
freedom

Sum of
squares

Mean
square Fa

Between groups 7 822.085 117.445 .83

Error a 40 5665.707 141.643

Pre- and post-test mean
score differences 1 5204.527 5204.527 200.104**

Interaction between treatment
and test differences 7 238.04F5 34.006 1.307

Error b 40 1040.365 26.009

Total 95 12970.7301

aTable value at the .01 level with 1 and 40 degrees of freedom was 7.31. Table value at the
.05 level with 7 and 40 degrees of freedom was 2.25.
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Table 28. Stepwise regression analysis of organismic and concomitant variables (X) on the
dependent variable post-test (Y) in farm credit (F -value to enter or remove = 3.000)

Step Activity Variable Multiple R

1 Enter Intelligence quotient .4610 18.772
2 Enter Pre-test .5919 14.634
3 Enter Kuder-Clerical .6345 6.584
4 Enter Teacher tenure in teaching

vocational agriculture .6805 6.1908

Ho-N There are no significant differences among treatment post-test mean scores in farm credit
controlling for teacher enure in teaching vocational agriculture, intelligence quotient.
Kuckr-Clerical, and pre-test score

Based on the data presented in Table 28, an analysis of co-variance test was conducted on the
farm credit post-test mean scores controlling for teacher tenure in teaching vocational agriculture,
intelligence quotient, Kuder-Clerical, and pre-test scores. The results of this test are presented in
Table 29. A non-significant F-value of .633, derived as a result of this test, revealed
non-significant differences between group post-test means and the hypothesis was accepted as
stated above.

Table 29. Analysis of co-variance for post-test differences among treatments in farm credit
controlling for intelligence quotient, Kuder-Clerical, teacher tenure in teaching
vocational agriculture, and pre-test score

Source of variation
Residuals

Degrees of Sum of Mean
freedom squares square Fa

Between groups 7 126.401 18.057 .633

Error 36 1027.393 28.539

aTable value at the .05 level with 7 and 36 degrees of freedom was 2.28.

Adjusted means were computed for each treatment group equating for differences due to the
co-variates identified in Ho74. It was observed that except for the prepared lesson plan and field
trip groups, the adjusted treatment means were higher than the adjusted control mean. It was
further observed that except for the field trip, video-tape, and control groups, the adjusted means
were higher than the original means. Intelligence quotient and pretest score were the two
variables largely responsible for the differences between the unadjusted and adjusted means. These
observations were made from the data presented in Table 30.

Table 30. Farm credit treatment means adjusting for differences due to intelligence quotient,
Kuder-Clerical, teacher tenure in teaching vocational agriculture, and pre-test score

Treatment Unadjusted Adjusted
mean mean

Audio-tutorial 55.07 61.7b
Demonstration 59.49 60.95
Field trip 62.40 58.99
Prepared lesson plan 57.16 57.79
Single c=oncept film 57.19 59.87
Overhead projected transparency 62.06 62.97
Video-tape 63.22 62.76
Traditional (control) 64.44 59.82
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CONCLUSIONS AND IMPLICATIONS

The purpose of this study was to investigate the effectiveness of selected techniques and
resources on instruction in vocational agriculture. The study compared seven "pilot" programs of
teaching vocational agriculture with a "control" group, with all eight groups incorporated into an
experimental design. In light of this purpose, the study did analyze the effectiveness of the eight
instructional approaches in teaching vocational agriculture within the limitations of the study.
The experimental design proved to be appropriate in analyzing these techniques and provided
information upon which definite conclusions could be drawn concerning the data collected.

Analysis of the pre-test mean scores by treatment groups revealed differences between group
means in all subject matter areas. The greatest difference (9.22 points) occurred in the
commerckal fertilizer unit between the video-tape and control groups. When these differences
were tested using the analysis of variance technique, no significance was observed and it was
concluded that all of the eight treatment groups were essentially equal in knowledge of the
subject matter at the beginning of the experiment. One might suggest that these findings were
due to the homogeneous background of the students included in the study. However, when
stepwise regression analyses were conducted on the organismic and concomitant variables to
identify those variables having the greatest influence on the post-test variance among treatment
group means, it was observed that the groups lacked homogenity in the areas of student
achievement, aptitude, school and home backgrounds. An alternate suggestion that may describe
the similarity between group pre-test means is that the students were studying in subject matter
areas that were new to them and that the pre-tests were geared specifically to the new subject
matter.

Comparisons of the mean post-test scores among groups revealed that in all subject matter
areas, the control group had the highest post-test mean scores. Further analysis revealed that the
differences between treatment pre- and post-test scroes ranged from 9.37 points in farm credit to
12.3 points in animal health. An analysis of variance test was conducted on the mean post-test
scroes to see if these differences might be significant. In all four subject matter areas no
significance was observed and the post-test scores were also assumed to be equal. Based on these
findings, one could conclude that all techniques and resources had been effective in increasing the
students' understanding of the subject matter being studied. Further evidence to support the
above conclusion was observed when two-factor experiments using repeated measures of pre-test
and post-test scores were conducted in each of the subject matter areas. In all four of the
experiments, highly significant F-values were derived for treatment pre- post-test score
differences. With this added evidence, it was concluded that all eight instructional approaches had
been effective in increasing student achievement at each of the four grade levels.

The data were further explored to identify these differences that might exist among
treatment groups after equating the data for differences in the organismic and concomitant
variables. Stepwise regression analyses were conducted on all organismic and concomitant
variables to identify those having the most effect on the variance among group post-test mean
scores. These variables were then used as co-variates in analysis of co-variance tests in eachof the
subject matter areas. In three of the analysis of co-variance tests, non-significant F-values were
derived. The exception was observed for the commercial fertilizer unit. In this case significance
was observed. These findings suggest that the organismic and concomitant variables had little or
no effect on student achievement in three of the subject matter areas. However, when adjusted
subject matter post-test mean scores were computed for each treatment group using the
co-variate beta values as the determiners of the extent of adjustment, changes in the treatment
post-test means did occur. In all four subject matter areas, the adjusted control post-test mean was
lower than the original control mean. For the animal health unit, the adjusted post-test means
were higher than the original mean for the audio-tutorial, prepared lesson plan, and the single
concept film groups. The remaining treatment groups had lower adjusted post-test means. The
adjusted control mean was higher, however, than all other adjusted means.
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In the commercial fertilizer unit, the adjusted post-test mean was higher than the original
mean for the audio-tutorial, field trip, prepared lesson plan, single concept film, and video-tape
groups. In this unit, the adjusted control mean was lower than all treatment means. Significance
was observed in favor of the field trip, single concept film, and video-tape groups.

For the small gasoline engines unit, higher adjusted means were observed for the
audio-tutorial, field trip, single concept film, and video-tape groups. The adjusted control mean
for this unit was higher than three of the treatment means.

For farm credit, higher adjusted means were observed for the audio- tutorial, demonstration,
overhead projected transparency, prepared lesson plans, and single concept films groups and the
adjusted control mean was higher than only two of the adjusted treatment means.

While significant differences between these adjusted group means was observed for only the
commercial fertizer unit, the adjusted means in each of the other three units strongly suggest that
differences in organismic and concomitant variables within treatments did have an effect on the
way students achieved within these groups. In addition, the consistent manner in which the
post-test was adjusted for certain of the treatment groups (audio-tutorial, prepared lesson plan,
and single concept film) lends strong support to hypothesizing that these techniques, when
incorporated into instruction in vocational agriculture, had been more successful than the
traditional method of improving student understanding of the subject matter. The fact that
significance was not observed in the analysis of co-variance tests for the animal health, small
gasoline engines, and farm credit units was probably due to the high number of co-variates used
in each test and the low degrees of freedom with which the investigators had to work.

The findings of this study suggest many implications for agricultural educators in planning
and implementing relevant and meaningful instructional programs of vocational agriculture. A
few of the more important are discussed in the following paragraphs.

It was observed that all of the techniques and resources tested were effective in increasing the
students' knowledge of the subject matter. Vocational agriculture instructors should make every
effort to inaugurate the use of these techniques in their instructional programs. This should be
done, however, after the teachers have had an opportunity to carefully study each technique and
become fully aware of its potential use and limitations.

It was evident that some of the techniques were more effective in certain subject matter areas
than in others. It was further observed that student aptitude, achievement, social, and home
background factors were related to the successful use of these techniques measured by student
achievement. These observations strongly suggest that, when using these techniques in teaching
vocational agriculture, teachers should select the technique or techniques that will best present
the subject matter being studied adapted to student needs and backgrounds.

While this study evaluated the use of a single technique in each of the treatment groups, in a
normal instructional situation a combination of these techniques would be used to present the
subject matter. Observations made from the analysis of the data in this study support a
multi-media approach in presenting the subject matter. Caution should be exercised by the
teacher, however, to make certain that the best techniques are selected for use and that these
techniques are not over-used in the classroom. In all treatment groups, the techniques under test
were used as a supplement to instructional procedures in the classroom.

The use of these instructional techniques in the teaching of vocational agriculture should be
emphasized in undergraduate and graduate level teacher education programs in agriculture. At the
undergraduate level, the study of these techniques should be incorporated into methods courses
with emphasis placed on the development and use of each technique. Students should be
encouraged to test the use of these techniques in laboratory and student teaching situations to
develop an understanding of their use in real life teaching situations. At the graduate level,
workshops, institutes, and short-courses should be conducted for teachers both on and
off-campus to familiarize them with these techniques. Ample time should be allowed for each
class session to allow those in attendance the opportunity to become familiar with the
preparation, proper use, and evaluation of each technique.
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The teachers' knowledge of the subject matter emerged in all four subject matt( r areas as a
factor contributing significantly to the variance among group post-test mean scores. With the vast
changes taking place in agricultural technology, keeping teachers up-to-date on these changes
becomes of paramount importance. In-service education programs that provide opportunities for
teachers to up-date their knowledge of animal science, agronomic science, agricultural mechanics,
and agricultural economics should be greatly expanded. Participation in these programs should be
encouraged at the local, district, and state level to insure teacher involvement in the program. It is
evident from the findings of this study that vocational agriculture instructors can no longer rely
on the knowledge they obtained as undergraduates in college to keep abreast of the changes in
the technical agriculture field. They must view this achievement only as a beginning of their
education and continue to study in their chosen field. This study should include a planned
program of study in the technical agriculture field.

At the undergraduate level, teacher education programs should be so structured to provide a
wide range of educational experiences in all fields of technical agriculture. With the high
precentage of vocational agriculture programs headed by a single vocational agriculture teacher, it
is imperative that they be knowledgeable in the fundamentals in all areas of technical agriculture.
With the advent of more multiple teacher vocational agriculture departments, more specialization
can be obtained in several areas of technical agriculture. This change will do much to provide the
high quality of technical knowledge needed by vocational agriculture instructors. Caution should
be exercised, however, to make certain that between the two teachers, a balanced understanding
of all areas of technical agriculture is provided. Teacher education programs at the undergraduate
level should be designed to provide this balance.

School systems across the country have been and are continuing to experiment with better
was of providing quality education for its youth. Innovations in methodology and class
scheduling are moving from the theory to the application stages. The primary purpose of these
changes is that of making instruction in the classroom more relevant and meaningful to the
student. Many of these changes have and will greatly affect vocational agriculture programs in
local schools. The use of the instructional techniques analyzed in this experiment should
contribute greatly to helping local teachers make the necessary changes in their programs to keep
abreast of the changes in other areas of the secondary school curriculum. It was evident from
both student and teacher evaluations of the techniques tested in their schools, that the student
became more involved in the learning process and felt that they had benefited more from their
instruction as a result of the use of these instructional techniques. It was further observed that in
those treatment groups that encouraged independent study in addition to large group instruction,
the students achieved at higher levels than did those students who were subjected to the large
group instruction approach only.

As mentioned earlier, the findings of this study strongly support the recommendation that
these techniques be used by local vocational agriculture instructors in their instructional
programs. Before these techniques are used, however, the local instructor should thoroughly
review his methodological approaches to identify were he can most effectively make use of each
technique in his teaching approach. This will entail changes in approaches that in the past have
been successful for the teacher. The addition of these techniques will, however, strengthen these
efforts causing him to do more successful job of teaching. The use of these techniques was
incorporated into the problem approach to teaching vocational agriculture. It was observed that
each of these techniques could be used effectively in this approach to teaching vocational
agriculture and contribute to its overall effectiveness in the classroom.

A great deal of time and effort on the part of the investigators was required to develop the
techniques and resources for testing in the experiment. With the work load of the average
vocational agriculture teacher, development of these techniques and resources by the local
teacher for use in all subject matter areas would be extremely difficult. Priorities will need to be
established by the local teacher and his available resources spent on satisfying these needs first.
The establishment of a teaching resource center that would prepare materials around the
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techniques tested in this study and make them available to teachers would do m ich to satisfy this
need. This need was underscored when it was observed that in all four subject matter areas, the
adjusted post-test mean scores for the prepared lesson plan group had increased in value over the
original post-test mean scores. In this instructional approach, all subject matter and instructional
procedures were outlined for the teacher. All that was required of the teacher was to follow the
lesson plan to satisfy the lesson plan objectives.

It was observed that students who had teachers who had taught vocational agriculture for a
period of approximately five years had achieved at higher levels than had students whose
instructors had taught for longer periods of time. This finding further clarified the need for
in-service education programs for teachers to up-date their knowledge and skill in the agricultural
teaching field. Included in this program should be instruction in methodology as well as technical
agriculture. The implications of this finding go beyond what has been mentioned previously.
Instructors who have been in a community for comparatively short periods of time bring to that
community new ideas that have a refreshing influence on the people they serve. After they have
been in the community awhile, their ideas become stagnant unless the teacher continually strives
to improve this methods of instruction, his knowledge of the subject matter that he teaches, and
his methods of working with the agricultural clientele in his community. Teachers of vocational
agriculture must develop programs of self improvement that are designed to keep them abreast of
changes in areas of technical agriculture and educational me "rods if their instructional programs
are to be relevant and meet the real needs of those whom they serve.

As was expected, the size of class that a teacher worked with when using the techniques
tested in this experiment did have an effect on student achievement. The smaller the size of class,
the higher the level of student achievement tended to be, regardless of the technique being tested.
It was observed, however, that certain of the techniques (overhead projected transparency,
video-tape, and demonstrations) tended to work better for larger groups than others. Selection of
methods by vocational agriculture teachers for classroom use should reflect these findings. Also
emerging as a variable related to student achievement was that of total departmental enrollment
in vocational agriculture. Students whose instructors had departments with large total
enrollments achieved higher in those treatment groups (audio-tutorial, single concept film,
prepared lesson plans) where the teacher could rely on the technique being tested to free time for
other activities within the department.

The study was identified areas where additional research is needed to better understand the
findings of this investigation.

This experiment should be replicated in other schools in other subject matter areas to see if
those results would be comparable to the findings of this study. The number of schools in each
treatment should be enlarged and the period of time that the experiment covers extended. More
time should be spent prior to the beginning of the experiment in the development of the
techniques and subject matter to be tested in the study and in training of the teachers in the
proper use of these techniques. Strong consideration should be given to randomizing of students
within schools thus allowing comparisons of students as well as schools.

Additional research is needed to further identify those student organismic and concomitant
variables that significantly affect student achievement. How important are such factors as I.Q.,
aptitude, and interest to student achievement? Are home background factors and other
experiences related to the subject matter under study just as or more important than such factors
as I.Q., aptitude, and interest in how a student achieves?

Considerable research is needed to further assess the influence of the teacher on student
achievement. In this investigation, the teacher variable contributed significantly to the differences
between treatment post-test scores. If studies could be designed that would control the teacher
variable more closely, a more accurate interpretation of differences due to media could be
obtained.

Additional research is needed to analyze different ways that these media could be used in
teaching vocational agriculture. In this investigation, only one method of using the technique was
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tested in each treatment school. In addition, studies should be made to determine the effect of
combining these techniques and their use in classroom instruction.

More basic research is needed is needed on how students learn. As these processes are
identified, the use of media tested in this study should be adjusted to properly exploit these
processes.
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ANIMAL HEALTH

Problem Area Outlined by Days

Day

1 The Economic Importance of Livestock Diseases and Parasites

2 Factors in Maintaining Animal Health

3 & 4 Causes, Symptoms, Prevention and Control of Major Cattle Diseases

5 Life Cycles, Symptoms, Prevention and Control of Major Cattle Parasites

6 & 7 Causes, Symptoms, Prevention and Control of Major Sheep Disease

8 Life Cycles, Symptoms, Prevention and Control of Major Sheep Parasites

9 & 10 Causes, Symptoms, Prevention and Control of Major Swine Diseases

11 Life Cycles, Symptoms, Prevention and Control of Major Swine Parasites

12 Planning a General Livestock Health Program

13 Occupational Roles of the Veterinarian, Farmer, and Other Animal Health
Workers

14 Summary and Review

15 Post-Test
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COMMERCIAL FERTILIZERS

Problem Area Outline by days

Day

1 Influence of Fertilizers on Farming

2 & 3 Essential Plant Food Elements and Their Function in Plant Growth

4 Hunger Signs of Crops

5 & 6 Taking a Soil Sample

7 Liming to Correct Soil Acidity

8 & 9 Understanding the Soil Test Report

10 Determining the Amount of Nutrients Available in the Soil

11 Determining Fertilizer Application Rates

12 & 13 Selecting Fertilizer Material o Fill Nutrient Needs

14 Summary and Review

15 Post-Test
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SMALL GASOLINE ENGINES

Problem Area Outline by Days

Day

1 Engine Principles Two and Four-cycle Engines

2 Nomenclature - Compression Factors

3 Values

4 Valve Timing - Camshafts

5 Rings

6 Measuring Devices

7 Carburetion

8 Carburetor Types

9 Carburetor Adjustment Governors

10 Air Cleaners

11 Ignition Systems

12 Magneto Cycle

13 Preventative Maintenance

14 Trouble Shooting Review

15 Post-Test
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FARM CREDIT

Problem Area Outline by Days

Day

1 Introduction to Credit, "Problem"

2 "Problem", Application for Loan (Financial Statement)

3 Budgeting Principles

4 Budgeting the Problem

5 Budgeting, Complete Application for Loan

6 Types of Loans

7 Sources of Credit - Short Term & Intermediate

8 Sources of Credit Long Term - (Land)

9 Interest Rates and Loan Costs

10 Collateral - Short and Intermediate Term

11 Collateral - Long Term

12 Credit Instruments Short Term Intermediate

13 Credit Instruments Long Term (Land)

14 Summary and Review

15 Post-Test
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