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Vocational Agriculture Teacher Association regions was used to draw 
the five percent sample and the sample size was 505. A questionnaire 
containing 127 bioscience competencies was used to collect the data from 
the respondents. Two follow-up letters were sent in order to increase the 
percentage of return rate which ended with 237 responses and the final 
return rate was forty-seven percent. A non-respondent follow-up was 
conducted as the final procedure where in thirteen non-respondents 
were called by telephone and their perceptions regarding selected ten 
items were asked. Mean scores and standard deviations were computed 
for all the bioscience competencies to determine the level of importance 
of bioscience competencies and also to determine the degree to which 
vocational agriculture instructors would increase instruction in the 
bioscience competencies. A correlational analysis was conducted using 
Pearson product moment procedures in order to establish certain 
relationships between demographic factors and perceptions of 
instructors concerning information of biosciences into the study of 
agriculture. A one way analysis of variance followed by Tukey method of 
post-hoc analysis to identify where the differences among the regions of 
NY AT A existed. 
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CHAPI'ER IV. FINDINGS 

The primary purpose of this study was to identify the level to which 
selected bioscience competencies were important for the study of 
agriculture and to identify the extent to which instruction in these 
competencies would be increased given materials and inservice as 
perceived by vocational agriculture instructors in the U.S.A. A 
secondary purpose was to determine the perceptions held by vocational 
agriculture instructors regarding teaching selected bioscience 
knowledge and skills and to compare the various groups of respondents 
based on demographic data. The study identified 127 bioscience 
competencies which were divided into six broad disciplines: (1) plant 
science, (2) genetics, (3) animal science, (4) soil science, (5) microbiology, 
and (6) food science. In addition, the respondents provided 
demographic information based on age, educational level, years of 
experience as an instructor, NVATA (National Vocational Agriculture 
Teachers Association) region to which they belonged and the number of 
students enrolled in the vocational agriculture program. 

The findings of this study were discussed and presented under the 
following sub-headings: 

1. Demographic characteristics of vocational agriculture 
ins tructors, 

2. Analysis of instrument reliability, 
3. Analysis of perceptions held by vocational agriculture 

instructors regarding teaching the biosciences, 
4. Analysis of the level of importance of the bioscience 

competencies, 

5. Analysis of bioscience competencies that would be increased by 
vocational agriculture instructors, 

6. Comparative analysis of various groups of respondents 
regarding their perceptions on selected bioscience 
competencies, 
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7. Open comments of respondents, and 
8. Summary. 

Demographic Characteristics 

The study was national in its scope and all fifty states of the U.S.A. 
were included in the study. The regions of the National Vocational 
Agriculture Teacher Association (NVATA) served as the demographic 
units for this study. The country is divided into six regions according to 

the NVATA. The number of states in each NVATA region is presented 
in Figure 1. The western part of the country served as the NV ATA 
region I which has ten states namely Alaska, Arizona, California, 
Nevada, Utah, Idaho, Oregon, Washington, Wyoming and Montana. 
The NVATA region II (Louisiana, Arkansas, Oklahoma, Texas, New 
Mexico, Colorado, and Kansas) comprised of states in the south-western 
part of the country. The north western states such as South Dakota, 
North Dakota, Minnesota, Wisconsin, Iowa, and Nebraska formed the 
NV ATA region III. The north eastern part of the country with the 
states namely Missouri, illinois, Michigan, Indiana, Ohio, and 
Kentucky are grouped as NVATA region IV. The states (Florida, 
Georgia, Alabama, Mississippi, Tennessee, North Carolina, and South 

Carolina) located in the south-eastern part were grouped as NVATA 
region V. The eastern part of the U.S.A. served as the NV ATA region 

VI which has thirteen states namely Vermont, Maine, New 

Hampshire, Massachusetts, Rhode Island, Connecticut, New Jersey, 
Delaware, Maryland, Virginia, West Virginia, Pennsylvania, and New 
York. 

The ages of the respondents of the study are presented in Figure 2. 
The overall average age of the vocational agriculture instructors in the 
study was found to be 44.4 years. The instructors of the region II were 
the youngest with mean age of 38.9 years whereas the region V had the 

oldest mean age of 47.7 years. The differences among NVATA regions 



R
E

G
IO

N
 3

 J
"
"
 

\ 

~
 

ltl
SO

 
'v-

\ 
10

J.
{ 2 

\~
{ 

\<
\G

\J
\t

\' 
\.

 t!
'J

j\'
fj

\ R
V

.G
\O

N
S

 



a.
 

:J
 

f)
 ... 1-
' 

111
 o·
 

..-c
 

6
0

 I
r
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
 

5
0

 
~
d
 

!i
0

 1
··_

· .
. •

 ..
..

 • .
. •

 ..
..

..
..

..
. 

~.
 

, 
.;

 4
11 

···
···

···
···

···
·· 

.. ·
 .. ·

 .. ·
 .. ·

· ..
 · ..

 ···
···

···
 .. ·

·
~
:
C
I
 

.. 
. 

40
 

... 
IU

II
I 

1
/ 

/ 
. .

,..
 

_ .... 
30

 

20
 

'"
 

o 
I 
~
N
x
x
y
 
~
y
 

t?
W

<T
 
~
 

.. ~
 ....

 ~
 

R
eg

io
n 

1 
R

eg
io

n 
2 

R
eg

io
n 

3 
R

eg
io

n 
4 

R
eg

io
n 

5 
R

eg
io

n 
6 

NV
AT

A 
R

eg
io

n 

~
 

2
1

-3
0

 
~
 3

1
-4

0
 
D

 4.1
-5

0 
!2J

 51
-6

0
 
~
 A

b
o

ve
 

6
0

 

F
IG

U
R

E
 

2.
 D

IS
T

R
IB

U
T

IO
N

 O
F

 A
G

R
IC

U
L

T
U

R
A

L
 I

N
S

T
R

U
C

T
O

R
S

 
A

C
C

O
R

D
IN

G
 T

O
 A

G
E

 

*" 'I
 



48 

IV, V and VI were not significant. A master of science degree plus ten 
credits was the highest level of education attained by the respondents of 
this study (Figure 3). It was found that 47.3 percent of the instructors 
possessed a bachelor of science degree whereas 52.7 percent earned a 
master of science degree. Region II contained the highest number (27) 
of vocational agriculture instructors with master of science degree. A 
significant difference in the educational attainment of instructors was 
found in the region III (bachelor of science (23) and master of science 
(16)). 

The overall average experience of the vocational agriculture 
instructors ranges from 14.7 years (region II) to 18.5 years (region V). It 

was interesting to find that 41.3 percent of the participants possessed 
sixteen years or more of experience as vocational agriculture instructors 
and 17.7 percent of the participants had experience of one to five years in 
~aching vocational agriculture (Figure 4). 

Analysis of Instrument Reliability 

The instrument consisted of a series of bioscience competency 
statements from six broad areas: (1) plant science, (2) genetics, (3) 

animal science, (4) soil science, (5) microbiology, and (6) food science. 

A composite reliability coefficient for the instrument was computed 
using Cronbach's alpha. The composite reliability coefficients were 
found to be .80 or above. Based on the magnitude of the composite 
reliability coefficients, the competency items were considered adequate 
to measure the perceptions of the vocational agriculture instructors 
towards the biosciences (Table 2). 

Analysis of Perceptions 

Table 3 shows the mean scores of the perception ratings of vocational 

agriculture instructors regarding teaching the biosciences in a 
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Table 2. Perceptions of vocational agriculture instructors' composite 
reliability coefficients 

Disciplines Number of items Reliability coefficient a 

Plant science 28 0.9635 

Genetics 25 0.8431 

Animal science 17 0.9669 

Soil science 23 0.9710 

Microbiology 13 0.9700 

Food science 19 0.9763 

a Cronbach's alpha. 

vocational agriculture program. It was interesting to note that fourteen 

out of nineteen perception statements were ranked between "some what 
agree" to "strongly agree" by the vocational agriculture instructors. The 

perception statement "additional instructional materials are required 
for infusing the biosciences" was ranked first with a overall mean of 
4.55. These data showed the need for instructional materials pertaining 
to the biosciences. Further, this information supports the findings of the 
Committee of Agricultural Education in Secondary Schools (1988) that 
there is a lack of proper instructional materials and inservice education 

relevant to the biosciences. It was observed that no significant gap 
existed between the first and second items. The second ranked item was 
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Table 3. Means, standard deviations, and F -values on perceptions 
regarding biosciences/biotechnology held by vocational 
agriculture instructors in the U.S.A. (n=237) 

Statements Grand S.D. ' F-value 
mean 

Infusion of biosciences is essential for the 4.17 0.88 0.81 
/ study of vocational agriculture I 

Learning biosciences would help students 4.53 0.63 1.21 
to better understand agricultural sciences 

Students should learn how to explain the 4.33 0.66 1.19 
processes that occur in plants and 
animals while learning biosciences 

Biosciences would expose students to 4.26 0.79 0.51 
diversified career opportunities in 
biotechnology 

Learning about the biosciences would help 3.88 0.93 0.39 
i students in solving problems in the real , ----' world 

Learning about the biosciences would help 4.12 0.77 1.31 
~tudents in developing skills as they are 

related to agriculture 

Students are interested in learning 3.58 0.95 0.43 
biosciences as they are related to 
agricul ture 

I am interested in relating bioscience 4.31 0.68 0.58 
skills and knowledge to agriculture 

It takes additional time for agriculture 4.27 0.95 1.62 
instructor to incorporate biosciences into 

'-./' the study of agriculture 

Additional instructional materials are 4.55 0.77 0.21 
required for infusing the biosciences into 
the study of agriculture 
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Table 3. Continued 

Statements Mean S.D. F-value 

Infusion of the biosciences into vocational 3.62 0.97 0.43 
agriculture would strengthen FFA 
activities 

Biosciences would help in developing 3.73 0.91 0.58 
Supervised Occupational Experience 
programs 

Biotechnology can be used to increase 4.13 0.77 2.51* 
~//yields 

Biotechnology can be used to reduce 4.10 0.82 1.94 
~ependency on environmentally 

undesirable chemicals 

With biotechnology, plant breeders will be 4.18 0.75 1.91 
able to get desired results with greater 
speed and precision 

, Bi()technology will be useful for improving 
:// disease and insect resistant plant varieties 

4.42 0.70 2.51* 

Biotechnology will help breeders to 4.38 0.65 1.69 
improve nutritive values for crops and 
livestock products 

Biotechnology will promote chemical 2.53 1.02 1.14 
dependency 

1= Not agreed 
5= Very highly agreed 
* F-value required for significance at 0.05 level of confidence with 5 and 

236 degrees of freedom was 2.21 
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the perception statement, "learning biosciences would help students 

to better understand agriculture" with a mean of 4.53. The perception 
statement "I am interested in relating bioscience skills and knowledge to 
agriculture" was also strongly supported (4.31). This information 
clearly illustrates how strongly the agriculture instructors perceived the 
importance of learning the biosciences and how essential it is for 
understanding agriculture. 

The agriculture instructors also strongly agreed with the perception 
statements, "biotechnology will be useful for improving disease and 
insect resistant plant varieties" (4.42); "biotechnology will help develop 
new uses for crops and livestock products" (4.38); and "biotechnology 
will help breeders to improve the nutritive value of food and feed grains" 
(4.36). These data reflected the felt needs of the vocational agriculture 
instructors throughout the country. At the same time, the instructors 
strongly felt that the new effort of incorporating the biosciences into the 
study of agriculture would take additional time (4.27) for them. 

The statement which was probably most relevant to vocational 
agricultural education namely, "infusion of more of the biosciences 
would expose students to diversified career opportunities" was supported 
by the vocational agriculture instructors but it was not ranked among 
the top five. The vocational agriculture instructors disagreed with the 
statement, "biotechnology will promote chemical dependency" (2.53). 
Thus the vocational agriculture instructors agreed with some 

agricultural educators who argue that biotechnology is a substitution for 
the use of chemicals. The teachers' perceptions of the statement 
"students are interested in learning the biosciences" was neutral to 

agree with a mean of 3.58. This situation poses a challenge for 
agriculture instructors and agricultural educators who are working 
towards developing a new approach to agricultural education. 
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The oneway analysis of variance showed significant differences 
among various geographical regions of the country regarding vocational 
agriculture instructors' perceptions about teaching the biosciences and 
the role of biotechnology in agriculture (Table 3). The mean scores of 
only two out of nineteen perception statements were found to be 
statistically different among various regions. The results of the Tukey 
test, a post-hoc analysis conducted to compare the mean scores of 
perceptions among NVATA regions reveals that the mean scores of 
NVATA region five was found to be greater than region two for the 
perception statements, "biotechnology can be used to increase yields and 
cost input" and "biotechnology will be useful for improving disease and 
insect resistant plant varieties." The mean scores of the statement 
"biotechnology will help breeders to improve nutritive values of food and 
feed grains" differed significantly between region one and five. 

Data in Table 4 indicate selected correlations between instructors' 
perceptions on teaching biosciences and demographic factors such as 
age of respondents, educational attainment, and years of experience. 
The null hypothesis established was "there exists a significant 
correlation between demographic factors and perceptions of vocational 
agriculture instructors." Correlation was analyzed and correlation 
coefficient 'r' was found to be greater than the probability value (0.05) for 

six items. This information indicated that six perception statements 
were positively correlated with the age of the respondents. Out of the six, 
"learning biosciences would help students to better understand 

agriculture" was found to have been highly correlated with the age of 
respondents. It was concluded that as the instructors' age increased 
their agreement also increased concerning the statement: "learning the 
biosciences would help students to better understand agriculture." 

A correlation analysis between educational qualifications and 
perception statements revealed both positive and negative results. It 
was interesting to find that the perception statement "additional 
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Table 4. Relationship between vocational agriculture instructors' 
selected perceptions statements and demographic factors 

Perception statements Demographic factors 
n=237 

Age Education 

Learning biosciences would help students to 0.681 a 0.165 
better understand agriculture 

Learning biosciences would help students in 0.384 0.225 
developing skills in the related agriculture 
fields 

Students are interested in learning the -0.056 0.648 
biosciences as they are related to agriculture 

Infusion of the biosciences into vocational 0.142 0.434 
agriculture would strengthen FFA activities 

Bioscience would help in developing SOE 0.220 -0.417 
programs 
Additional instructional materials are 0.034 -0.434 
required for infusing the biosciences into the 
study of agriculture 

It takes additonal time for the vocational -0.153 -0.575 
agriculture teacher to incorporate 
biosciences into the study of agriculture 

apearson product moment correlation. 



51 

instructional materials are required for infusing the biosciences into the 
study of agriculture" was negatively correlated with educational 
attainment. As the educational qualifications of instructors increased 
from B.S. degree to M.S. degree, the instructors' agreement towards the 
need for additional instructional materials for infusing the biosciences 
decreased. At the same time, as the instructors' level of education 
increased from B.S. degree to M.S. degree, they perceived that it would 
take additional time for bioscience instruction. It was surprising to note 
that educational qualifications and FFA (Future Farmers of America) 
were positively correlated while SOEP (Supervised Occupational 
Experience Program) was negatively correlated with educational 
qualifications. Of the nineteen perception statements, the following two 
statements were found to have significant positive correlation with 
educational attainment: (1) Learning about the biosciences will help 
students in developing skill in the related agriculture fields, and (2) 
Students are interested in learning the biosciences as they are related to 
agricul ture. 

Analysis of Importance of Bioscience Competencies 

One of the objectives of this study was to identify the level to which the 
bioscience competencies are important as perceived by vocational 

agriculture instructors in vocational agriculture programs in the 

U.S.A. Another objective was to compare the degree to which bioscience 
competencies were important as perceived by vocational agriculture 
instructors in six regions of the NVATA. Data pertaining to these 

objectives are organized and presented in Tables 5 to 16. 

The mean scores and standard deviations for each of the 
competencies are presented in rank order in these tables. A one-way 

analysis of variance was computed in order to compare the perceptions 
of respondent groups by region. The competencies were grouped into 
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Table 5. Means and standard deviations for the level of importance of 
competencies in plant science as perceived by vocational 
agriculture teachers in the U.S.A. (n=237) 

Competencies Mean S.D. 

Explain the function of roots 4.37 0.67 

Describe the pollination and fertilization 4.26 0.98 

Demonstrate the selective action of herbicides 4.17 0.90 

Identify important weeds of crop plants 4.15 0.92 

Conduct a germination experiment to show 4.07 1.04 
the stages of germination of seeds 

List the limiting factors of plant growth 4.07 0.99 

Identify the modes of vegetative propagation in 4.05 0.70 
plants 

Demonstrate the process of uptake of water and 4.02 1.01 
nutrients by plants 

Describe how nitrogen fixation takes place in 3.95 0.99 
leguminous crops 

Demonstrate budding and grafting 3.94 0.98 

Demonstrate the foliar application of nutrients in 3.90 0.93 
in plants 

List the ways plants are classified 3.88 0.71 

Describe the internal structure of a stem 3.86 0.71 

Describe the structure of a flower 3.85 0.98 

Demonstrate the practice of hydroponics 3.78 0.92 
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Table 5. Continued 

Competencies Mean S.D. 

Demonstrate the effect of growth hormone on 3.77 1.05 
the rate of vegetatively propagated plants 

Record through observation the development 3.77 1.02 
ofa plant 

Identify some plant growth regulators 3.70 0.99 

Explain the formation of fruits 3.65 1.13 

Dissect a plant and name the parts 3.63 1.06 

Explain the short night and long night plants 3.60 0.80 

Identify various modifications of a stem 3.58 0.97 

Explain the stock selection in plants 3.45 1.09 

Explain the importance of apical meristem in 3.37 0.90 
growth 

Conduct experiment for photosynthesis and 3.35 1.01 
respiration in plants 

Describe the formation of seeds 3.33 0.94 

Draw the internal structure of leaves 3.31 1.01 

Describe the function of each floral part 3.29 1.14 

Grand mean 3.78 

l=Not important 
5= Very highly important 
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Table 6. Means and F -values for the level of importance of selected 
competency categories in plant science as perceived by 
vocational agriculture teachers in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

2 
n=38 n=30 n=39 n=43 n=41 n=26 

Morphology 3.28 3.11 3.35 3.40 3.83 3.29 3.37 1.72 
i=7 

Physiology 3.96 3.47 3.61 3.02 3.81 3.23 3.52 2.89** 
i=9 

Classification 3.46 2.65 3.45 2.86 3.68 3.49 3.27 1.96 
i=3 

Growth & 3.14 3.86 4.42 3.14 3.13 3.03 3.45 0.98 
Development 

i=9 

** F-value required for significance at 0.01 level of confidence with 5 and 
236 of degrees of freedom was 2.65 

n= number of respondents in each group 
i = number of items in each competency category 

categories based on the subject area to which they belong. The Tukey 

method was used as a post-hoc analysis to identify if significant 
statistical differences existed among the teachers by the regions with 
respect to each of the categories. 

Of the twenty-eight competencies that were identified in the plant 
science area, seven competencies had overall mean scores of 4 or higher 
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as expressed on a 1-5 Likert scale. The plant science competency 
"functions of roots" received the highest mean rating by all six 
respondent groups with an overall mean of 4.37 and "process of 
pollination and fertilization" (4.26) was ranked second by the 
respondents. It was observed that the lowest ranking was given to the 
competencies "formation of seeds" (3.33) and "function of floral parts" 
(3.29). It was also found that the vocational agriculture instructors in 
various regions of the country differed significantly in their perceptions 
with respect to the competencies that dealt with the category "plant 
physiology." To summarize, the grand mean for the plant science area 
that are important was found to be 3.78 (Table 5). The mean scores of 
competencies related to plant physiology in region one are significantly 
higher than region four (Table 6). 

The area of genetics consisted of twenty-five items. The vocational 
agriculture instructors rated "list various plant breeding techniques" 
with a mean of 4.62 as the highest rated competency perceived to be 
important (Table 7). The second and third items were "distinguish 
between plant and animal cell" (4.23) and "list the criteria for selecting 
breeding stock" (4.11). It was clear from this information that the 
competencies classified under biotechnology such as "discuss the 
process of tissue culture" (2.87) and "explain the formation of . 
recombinant DNA" (2.61) were given the lowest rating regarding the 

level of importance in these areas. 

Table 8 shows the results of the Tukey test, a post-hoc analysis to 
determine if significant differences existed among the agriculture 
instructors of various regions of the country regarding the level of 
importance in the area of genetics. The mean scores of the region two 
were significantly lower than region five for the genetics competencies 
that related to biotechnology such as "process of tissue culture", "cloning 
of genes", and "role of monoclonal antibodies for pregnancy testing." 
Significant differences between regions three and five were also observed 
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Table 7. Means and standard deviations for the level of importance of 
competencies in genetics as perceived by vocational agriculture 
teachers in the U.S.A. (n=237) 

Competencies Mean S.D. 

List various plant breeding techniques 4.62 0.98 

Distinguish between plant and animal 4.23 0.95 
cell 

List the criteria for selecting breeding 4.11 0.99 
stock 

Explain the principle of developing plant 4.10 0.97 
and animal disease resistant varieties 

List the method of breeding swine 4.00 1.04 

Distinguish between in-breeding and 3.54 0.98 
out-breeding in animals 

Explain the process of embryo transfer 3.48 1.10 

State the Mendel's law of inheritance 3.47 1.12 

Draw a plant and an animal cell 3.31 1.04 

Describe the function of DNA 3.26 0.92 

Describe the cloning of genes 3.17 1.24 

Enumerate the differences between traditional 3.09 1.15 
plant breeding methods and gene splicing 

Describe the process of natural selection in plants 3.06 1.04 

Explain the process of gene splicing 3.30 0.86 

Describe how mutation takes place in plants 2.91 1.12 
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Table 7 Continued 

Competencies 

Discuss the process of tissue culture 

Explain the process gene insertion into germ cell 
lines 

Explain the formation of recombinant DNA 

Explain the process of transgenesis 

Grand mean 

1= Not important 
5= Very highly important 

Mean S.D. 

2.87 1.26 

2.63 1.20 

2.61 1.18 

2.54 1.17 

3.02 

for competencies concerned with plant breeding. In summary, the 
grand mean for all the NVATA regions for the area of geneti~s with 
respect to competencies that are found to be important was 3.02. 

Out of seventeen competencies in the area of animal science, it was 
found that seven competencies were rated highly regarding the level of 

importance being given in these areas. The top two competencies were: 
"demonstrate the procedure of artificial insemination" (4.07) and 
"describe the symptoms of major animal diseases" (4.03). The 
competencies dealing with physiological processes such as "function of 
endocrines in animals" (3.06) and "physiology of lactation, egg 
production in animals" (2.69) received the lowest rating (Table 9). The 
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Table 8. Means and F-values for ~e level of importance of selected 
competency categories in genetics as perceived by vocational 
agriculture teachers in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=30 n=39 n=43 n=41 n=26 

Cell biology 3.59 3.13 3.34 2.98 4.02 3.06 3.35 1.89 
i=4 

Plant 4.18 3.83 3.91 4.02 4.31 2.78 3.83 3.02** 
breeding 
i=9 

Biotechnology 3.11 2.83 3.05 3.28 4.00 3.44 3.28 2.75** 
i=12 

** F-value required for significance at 0.01 level of confidence with 5 and 
236 degrees of freedom was 2.65 

n=Number of respondents in each group 
i =Number items in each competency category 

mean scores of region five were significantly higher than region one for 
the categories, animal systems and technology for growth. 
In summary, the grand mean for the animal science area with respect 
to the level importance of the competencies was 3.41 (Table 9). 

Twenty-three competency statements constituted the area of soil 
science. Data in Table 11 show that fifteen items were rated a mean of 
4.00 or higher. The highest rated items were: "demonstrate the 
methods of maintaining water quality" (4.67), "explain soil alkalinity, 
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Table 9. Means and standard deviations for the level of importance of 
competencies in animal science as perceived by vocational 
agriculture teachers in the U.S.A. (n=237) 

Competencies Mean S.D. 

Demonstrate the procedure of artificial 4.07 1.02 
insemination 

Describe the symptoms of major animal 4.03 1.02 
diseases 

List the factors for selection of animal breeds 3.99 1.04 

Demonstrate the use of vaccines in selected 3.99 0.98 
animals 

Explain the principle of immunization in 3.98 1.06 
animals 

Identify the classification of livestock 3.86 1.10 
species 

Describe the reproductive system of selected 3.83 1.10 
animals 

Calculate balanced feed ration 3.81 1.15 

Outline the procedures to control animal 3.80 1.06 
diseases 

Describe the composition of meat and milk 3.79 1.15 

Analyze the ingredients of selected animal 3.78 1.14 
products 

Explain how cycling time can be increased 3.54 1.03 
in animal production 

Describe the principles of sex linkage in 3.12 0.96 
animals 
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Table 9. Continued 

Competencies 

Explain the function of endo'crines in 
animals 

Draw the digestive system of ruminant 
animals 

Explain the role of bovine growth hormone 
in milk production 

Explain the physiology of lactation and egg 
production in animals 

Grand mean 

1= Not important 
5= Very highly important 

Mean S.D. 

3.06 1.14 

2.99 1.11 

2.74 1.16 

2.69 0.96 

3.41 

salinity and acidity" (4.13), and "demonstrate how to take soil sample 
and interpret soil test results" (4.09). The soil science competencies 
"demonstrate cation exchange capacity of soil" (3.88) and "measure 
electrical conductivity of soil" (3.84) received the lowest ratings. 

The mean scores of region three was significantly higher than regions 
one and two for the category of "soil water." In summary, the grand 
mean value for soil science competencies regarding the level at which 

they are important was found to be 4.14. 
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Table 10. Means and F -values for the level of importance of selected 
competency categories in animal science as perceived by 

vocational agriculture teachers in the U.S.A. 

Competency Respondent groups Mean F-value 
categories (N) _-.;.1 __ 2 __ .;;..3 __ 4 ___ 5 __ 6_ 

Animal 
systems 
n=4 

Diseases & 
control 
i=4 

Feeds & 
Feeding 
i=2 

Animal 
products 
i=3 

Technology 
i=4 

n=38 n=30 n=39 n=43 n=41 n=26 

3.29 3.66 3.88 3.20 4.02 3.70 3.62 

3.70 4.00 3.77 4.28 4.19 4.22 4.03 

3.29 3.88 3.94 4.31 4.16 4.11 3.95 

3.18 3.36 3.51 3.45 3.94 3.74 3.53 

3.74 3.91 3.88 4.42 4.16 4.03 3.03 

3.47** 

1.62 

1.03 

0.98 

6.21** 

** F-value required for significance at 0.01 level of confidence with 5 and 
236 degrees of freedom was 2.65 

n= Number of respondents in each group 
i = Number of items in each competency category 



68 

Table 11. Means and standard deviations for the level of importance of 
competencies in soil science as perceived by vocational 
agriculture teachers in the U.S.A. (n=237) 

Competencies Mean S.D. 

Describe the nature and properties of 4.41 0.75 
soil 

Demonstrate the methods of soil 4.39 0.71 
conservation 

List the macro and micro nutrients 4.38 0.76 
of soil 

Distinguish between conventional tillage 4.31 0.89 
and conservation tillage 

Explain soil erosion control measures 4.30 0.83 

Analyze an on-site soil profile to illustrate 4.28 0.74 
types of soil 

Distinguish between soil texture and 4.28 0.77 
structure 

Determine soil water availability 4.25 0.81 

Explain soil compaction 4.23 0.81 

Explain soil alkalinity, salinity and 4.21 0.85 
acidity 

Demonstrate the methods of maintaining 4.29 0.86 
water quality 

List the environmental factors contributing 4.14 0.81 
to soil erosion 

Explain the biological properties of soil 4.13 0.86 
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Table 11. Continued 

Competencies 

Demonstrate water holding capacity of 
soil 

Describe the importance of soil organic 
matter 

Describe the principle of organic farming 

Demonstrate how to take soil sample and 
interpret soil test results 

Describe soil formation 

Develop pH scale to plot acidity and 
alkalinity 

Describe the cycle of soil ecosystem 

Demonstrate cation exchange capacity of 
soil 

Measure electrical conductivity of soil 

Grand mean 

1= Not important 
5= Very highly important 

Mean S.D. 

4.08 0.85 

4.03 0.84 

3.99 0.94 

3.98 0.89 

3.94 0.82 

3.93 0.90 

3.91 0.90 

3.88 0.90 

3.84 0.97 

4.14 
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Table 12. Means and F-values for the level of importance of selected 
competency categories in soil science as perceived by 
vocational agriculture teachers in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=50 n=39 n=43 n=41 n=26 

Nature & 4.25 4.02 4.51 4.47 4,70 4.41 4.39 1.08 
properties 
i=9 

Soil nutrients 4.40 4.09 4.34 4.40 4.17 4.72 4.35 0.88 
i=4 

Problem soils 3.63 3.61 4.37 4.60 4.83 4.66 4.28 7.05** 
i=6 

Soil water 3.70 3.58 4.83 4.37 4.31 4.33 4.18 1.78 
i=4 

** F-value required for significance at 0.01 level of confidence with 5 and 
231 degrees of freedom was 2.65 

n= Number of respondents in each group 
i = Number of items in each competency category 

function of microorganisms received the lowest mean score (2.79). Same 
differences existed among the various regions with respect to the 
importance in the area of microbiology (Table 14). The mean scores of 
agriculture instructors in the region five were significantly higher than 
regions two and three for the competencies related to the structure and 
function of microorganisms such as "structure of algae", structure of 
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Table 13. Means and standard deviations for the level of importance of 
competencies in microbiology as perceived by vocational 
agriculture teachers in the U.S.A. (n=237) 

Competencies Mean S.D. 

Identify nitrogen fixing organisms and explain 3.86 0.93 
how they fix nitrogen 

Identify the symptoms of major diseases of 3.85 0.89 
agronomic plants 

List beneficial microbes in agriculture 3.74 0.95 

Distinguish between fungi and bacteria related 3.60 0.88 
to agriculture 

Demonstrate the operation of the compound 3.47 0.94 
microscope and its relationship to agricultural 
science 

Describe the ways of classifying microorganisms 3.45 0.88 
related to agriculture 

Demonstrate culturing of microorganisms 3.39 0.96 
in the laboratory 

Observe the structure and composition of a 3.24 1.08 
bacterial cell under the microscope 

Identify the differences between auto tropic and 3.20 0.98 
heterotropic microbes 

Explain reproduction fungi 3.11 0.98 

Draw the structure of algae 2.96 0.94 

Draw the structure of a selected fungus in 2.87 1.26 
agriculture 



Table 13. Continued 

Competencies 

Draw the structure of yeast 

Grand mean 

1= Not important 
5= Very highly important 

72 

Mean 

2.79 

2.87 

S.D. 

1.76 

fungi", "reproduction in fungi", and "difference between autotropic and 
heterotropic bacteria." The grand mean for competencies in the area of 
microbiology that are found.to be important was 2.87. 

The area of food science consisted of nineteen competency items. 

None of the items was ranked "highly important." The highest ranking 
was given to "explain the processing of milk and dairy products" (3.86), 

followed by "describe the various methods of processing fruits and 
vegetables" (3.77). The competency "the microbial process that takes 
place during the preparation of bread" (2.86) was given the lowest 

importance in vocational agriculture programs (Table 15). 

The mean scores of region five were significantly higher than 
regions one, two, three, and four for the competencies concerned with 
the category "food spoilage." The mean scores of region six were 
significantly higher than regions one and two for the food science 

competencies 
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Table 14. Means and F -values for the level of importance of selected 
competency categories in microbiology as perceived by 
vocational agriculture teachers in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=50 n=39 n=43 n=41 n=26 

Identification 3.29 3.11 3.84 2.67 3.02 2.89 3.13 1.92 
of microbes 
i=3 

Structure of 2.74 2.77 2.84 3.20 3.18 3.25 2.99 3.72** 
microbes 
i=6 

Role of 3.70 3.58 2.91 2.81 3.19 3.85 3.34 1.72 
microbes 
i=3 

Culturing 2.40 2.61 2.91 2.97 3.91 3.00 2.96 1.44 
microbes 
i=1 

** F-value required for significance at 0.01 level of confidence with 5 
and 231 degrees of freedom was 2.65. 

n= Number of respondents in each group 
i= Number of items in each competency category 
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Table 15. Means and standard deviations for the level of importance of 
competencies in food science as perceived by vocational 
agriculture teachers in the U.S.A. (n=237) 

Competencies Mean S.D. 

Explain the processing of milk and dairy 3.86 0.97 
products 

Describe the various methods of processing 3.77 1.01 
fruits and vegetables 

List the fungi used in the manufacture of 3.73 1.24 
cheese 

Identify various food preservatives 3.72 1.16 

Explain the concept of food chain 3.70 1.05 

Describe pasteurization of milk 3.68 1.01 

Describe the importance of yeast to man 3.66 1.11 

Identify wholesale and retail cuts of meat 3.65 1.03 

Explain the role of barley malt as a flavor 3.61 0.98 
supplement in baking industry 

Describe how vinegar is used in the 3.59 1.11 
manufacture canned vegetables 

Describe the process of milk formation in 3.52 1.10 
cattle 

Describe the process of fermentation 3.51 1.00 

Demonstrate the laboratory preparation 3.50 1.01 
of vinegar 

Identify the food that spoil fruits and 3.36 1.12 
vegetables 
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Table 15 Continued 

Competencies 

Explain the process of conversion of 
feed in hogs and cattle 

Explain how nutritive value of food in 
feed grains can be improved 

Identify artificial sweeteners that can be 
manufactured in their industry using 
biotechnology . 

Explain the microbial activity in milk and 
how it helps in the formation of milk products 

Explain the microbial process that takes place 
during the preparation of bread 

Grand mean 

1= Not important 
5= Very highly important 

Mean S.D. 

3.29 1.14 

3.13 0.93 

2.94 1.17 

2.91 1.24 

2.86 1.17 

3.58 
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Table 16. Means and F-values for t~e level of importance of selected 
competency categories in food science as perceived by 
vocational agriculture teachers in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 

1 2 3 4 5 6 
N=38 N=50 N=39 N=43 N=41 N=26 

Food spoilage 3.18 3.05 3.34 3.60 4.01 3.59 3.46 3.97** 
i=4 

Food 3.44 3.85 3.61 4.31 4.44 3.85 3.96 2.39* 
preservatives 
i=5 

Food 3.44 3.25 3.37 3.77 3.02 3.55 4.10 3.33** 
processing 
i=10 

* F-value required for significance at 0.05 level of confidence with 5 and 
231 degrees of freedom was 1.99 

** F-value required for significance at 0.01 level of confidence with 5 and 
231 degrees offreedom was 2.65 

n=number of respondents in each group 
i =number of items in each competency category 
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Analysis of Expansion of Instruction of Bioscience Competencies 

The second objective of this study was to determine the extent to 
which instruction in selected bioscience competencies would be 
increased given materials and inservice as perceived by vocational 
agriculture instructors. Data pertaining to this objective are organised 
and presented in Tables 17 to 28. 

The instructors indicated a need to expand instruction in eleven 
competencies in the area of plant science. The three competencies 
which received the highest overall mean ratings in this area were: 
"describe the process of pollination and fertilization" (4.38), 
"demonstrate the practice of hydroponics" (4.22), and "describe the 
formation of seeds" (4.20) (Table 17). The grand mean for the plant 
science area as a whole was 4.21. Table 18 indicates that significant 
differences regarding the degree to which instruction in selected 
competencies should be expanded in the area of plant science. The 
ratings for the competency category "growth and development" was 
significantly lower in region one than regions five and six. 

The vocational agriculture instructors ranked the competency "list 
the methods of breeding in swine" (4.36) as the number one instructional 

need in the area of genetics. The mean scores for the competency "list 
the criteria for selecting breeding stock" (4.29) and "describe the rple of 
gene splicing in the production of porcine and bovine somatotropin" 
(4.27) were ranked second and third (Table.19). The grand mean score 
regarding the expansion of instruction in the genetics area as perceived 

by vocational agriculture instructors was 4.11. 

Significant differences between various regions of instruction in 
selected competencies in the area of genetics is shown in Table 20. The 
mean scores of region six were found to be significantly higher than 
region two for the category of "cell biology." It was observed that the 
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Table 17. Means and standard deviations for the degree to which 
instruction would be expanded in plant science competencies 
as perceived by vocational agriculture teachers in the U.S.A. 
(n=237) 

Competencies Mean S.D. 

Describe the process of pollination and fertilization 4.38 0.98 

Demonstrate the practice of hydroponics 4.25 1.08 

Describe the formation of seeds 4.20 0.99 

List the limiting factors of plant growth 4.18 0.84 

Describe how nitrogen fixation takes place in 4.16 0.99 
leguminous crops 

Describe the function of each floral part 4.14 0.70 

Demonstrate the selective action of herbicides 4.11 0.87 

Identify the modes of vegetative propagation 4.07 0.83 
in plants 

Dissect a plant and name its parts 4.05 1.13 

Demonstrate the process of uptake of water and 4.02 1.01 
nutrients by plants 

Identify important weeds of crop plants 3.98 0.94 

Demonstrate the foliar application of nutrients 3.96 0.93 
in plants 

Demonstrate budding and grafting 3.92 0.90 

Explain the formation of fruits 3.91 0.87 

Identify various modifications of a stem 3.90 1.14 
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Table 17. Continued 

Competencies Mean S.D. 

Explain the stock selection in plants 3.86 0.97 

Conduct experiment for photosynthesis and 3.84 1.03 
respiration in plants 

Demonstrate the effect of growth hormone on 3.82 0.92 
the rate of vegetatively propagated plants 

Describe the structure of a flower 3.80 0.98 

Conduct a germination experiment to show 3.79 1.00 
the stages of germination of seeds 

Identify some growth regulators 3.77 1.05 

Describe the internal structure of a stem 3.69 0.87 

Record through observation the development 3.62 1.05 
ofa plant 

List the ways plants are classified 3.57 0.94 

Draw the internal structure of leaves 2.96 0.94 

Explain the short night and long night plants 2.83 1.06 

Explain the importance of apical meristem in 2.79 1.09 
growth 

Grand mean 4.21 

1= Not important 
5= Very highly important 
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Table 18. Means and F-values for the degree to which instruction 
would be expanded in selected plant science competency 
categories as perceived by agriculture teachers in various 
regions in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=50 n=39 n=43 n=41 n=26 

Morphology 3.32 3.36 3.85 3.65 4.27 3.74 3.69 1.67 
i=7 

Physiology 3.71 3.83 3.91 4.28 4.30 4.07 4.01 1.72 
i=9 

Classification 3.17 3.38 3.74 4.13 3.59 4.13 3.69 0.89 
i=3 

Growth & 2.85 4.19 4.41 4.60 4.86 4.59 4.25 3.25** 
Development 
i=9 

** F-value required for significance at 0.01 level of confidence with 5 and 
236 degrees of freedom was 2.65 

n=Number of respondents in each group 
i =Number of items in each competency category 

regions did not significantly differ with respect to categories such as 
"biotechnology" and "plant breeding." This is an indication that the 
vocational agriculture instructors are interested in expanding their 
instruction in some areas of biotechnology but not at the cellular level. 
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Table 19. Means and standard deviations for t~e degree to which the 
instruction would be expanded in genetics competencies as 
perceived by instructors of agriculture in U.S.A. (n=237) 

Competencies Mean S.D. 

List the methods of breeding in swine 4.36 0.75 

List the criteria for selecting breeding stock 4.29 0.77 

Describe the role of porcine somatotropin in 4.27 0.74 
the production of pork 

List various plant breeding techniques 4.14 0.82 

Describe the cloning of genes 4.11 1.12 

Describe the process of tissue culture 4.09 0.99 

Distinguish between in-breeding and 4.08 0.80 
out-breeding in animals 

Explain the process of embryo transfer 4.06 0.95 

Explain the principle of developing pest 3.88 0.88 
and diseases resistant crop varieties 

Explain the role of monoclonal antibodies 3.86 0.92 
for pregnancy testing 

Explain the formation of recombinant DNA 3.85 0.97 

Explain the process of gene splicing 3.82 1.04 

Enumerate the difference between traditional 3.81 0.92 
plant breeding methods and and gene splicing 

Describe the structure and function of DNA 3.81 0.92 
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Table 19. Continued 

Competencies Mean S.D. 

Draw a plant cell and an animal cell 3.78 0.96 

Explain the advantages of crop improvement 3.77 0.91 

State Mendel's law of inheritance 3.76 1.01 

Distinguish between plant cell and animal 3.73 1.05 
cell 

Describe the advantages of gene splicing over 3.71 1.12 
the traditional plant breeding methods 

Describe the process of natural selection of 3.69 1.09 
plants 

Take a cross section of a plant part and observe 3.43 1.02 
through the microscope 

Describe how mutation takes place in plants 3.12 1.27 

Describe gene expression 2.96 1.18 

Explain the process of transgenesis 2.87 1.24 

Explain the process of gene insertion into 2.72 1.07 
germ cell lines 

Grand mean 4.11 

1= Not important 
5= Very highly important 
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Table 20. Means and F-values for the degree to which instruction 
would be expanded in selected genetics competency 
categories as perceived by agriculture teachers in various 
regions in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=50 n=39 n=43 n=41 n=26 

Cell biology 3.25 3.32 3.11 3.65 4.44 3.26 3.50 6.39** 
i=4 

Plant 3.40 3.94 3.88 4.40 4.41 4.22 4.04 1.97 
breeding 
i=9 

13iotechnology 3.51 4.36 4.43 3.68 4.63 3.86 4.08 1.69 
i=12 

** F-value required for significance at 0.01 level of confidence with 5 and 
236 degrees of freedom was 2.65 

n=Number of respondents in each group 
i =Number of items in each competency category 

Outline the procedures to control animal diseases" received a high mean 
rating of 4.37, which was the highest rated item in the animal 
science area. The competency statement "list the factors for selection of 
animal breeds" was ranked second with a mean of 4.32. The animal 
science competencies, "explain the physiology of lactation, egg 
production in animals" (2.89) and "describe the composition of meat and 
milk" (2.87) were ranked the lowest (Table 21). The grand mean score 
for the animal science area as a whole was 4.32. The vocational 
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Table 21. Means and standard deviations for the degree to which 
instruction would be expanded in animal science 
competencies as perceived by vocational agriculture teachers 
in the U.S.A. (n=237) 

Competencies Mean S.D. 

Outline the procedures to control animal 4.37 1.15 
diseases 

List the factors for selection of animal 4.32 1.26 
breeds 

Calculate balanced feed ration 4.32 0.96 

Describe the symptoms of major animal 4.25 0.79 
diseases 

Explain the principle of immunization in 4.22 1.04 
animals 

Demonstrate the procedure of artificial 4.14 1.02 
insemination 

Demonstrate the use of vaccines in selected 4.01 1.06 
animals 

Explain the role of bovine growth hormone in 3.98 1.74 
milk production 

Identify the classification of livestock species 3.92 0.91 

Explain how cycling time can be increased in 3.86 1.11 
animal production 

Describe the reproductive system of selected 3.79 1.15 
animals 

Draw the digestive system of ruminant animals 3.77 1.04 
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Table 21. Continued 

Competencies 

Explain the function of endocrines in animals 

Analyze the ingredients of selected animal 
products 

Explain the physiology of lactation, egg 
production in animals 

Describe the composition of meat and milk· 

Describe the principles of sex linkage in 
animals 

Grand mean 

1= Not important 
5= Very highly important 

Mean S.D. 

3.67 1.09 

3.44 0.96 

2.89 1.10 

2.87 1.03 

2.48 1.06 

4.32 

agriculture instructors in different regions did not vary significantly 
with respect to the expansion of competencies in the animal science area 
(Table 22). 
Six soil science competencies received high mean ratings regarding 
expanding instruction (Table 23). The highest rated items were 
"explain soil alkalinity, salinity, and acidity" (4.67) followed by 

"demonstrate the methods of maintaining water quality" (4.13) and 
"demonstrate how to take soil samples and interpret soil test results" 
(4.09). The composite mean for the soil science area was 3.87. 
Significant differences existed between regions one and three with 
regard to expansion of instruction in the category of "soil water" 
(Table 24). 
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Table 22. Means and F -values for the degree to which instruction 
would be expanded in selected animal science competency 
categories as perceived by agriculture teachers in various 
regions in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=50 n=39 n=43 n=41 n=26 

Animal 3.45 4.00 4.12 3.86 4.33 3.98 3.96 2.17* 
systems 
i=4 

Diseases & 4.22 4.30 4.11 4.45 4.69 4.37 4.36 1.89 
control 
i=4 

Feeds & 4.07 4.22 4.31 4.40 4.44 3.87 4.22 1.23 
Feeding 
i=2 

Animal 3.29 3.38 3.60 3.68 4.41 3.81 3.69 1.57 
products 
i=3 

Technology 3.92 4.27 4.31 4.42 4.61 4.40 4.32 0.89 
i=4 

* F-value required for significance at 0.05 level of confidence with 5 and 
236 degrees of freedom was 1.99 

n=Number of respondents in each group 
i =Number of items in each competency category 
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Table 23. Means and standard deviations for the degree to which 
instruction would be expanded in soil science competencies 
as perceived by vocational agriculture teachers in the U.S.A. 
(n=237) 

Competencies Mean S.D. 

Explain soil alkalinity, salinity and acidity 4.67 1.07 

Demonstrate the methods of maintaining 4.13 1.01 
water quality 

Demonstrate how to take soil sample and 4.09 0.99 
interpret soil test results 

Demonstrate the methods of soil conservation 4.08 1.03 

List the environmental factors contributing 4.06 0.87 
to soil erosion 

Explain soil erosion control measures 4.03 1.09 

Analyze an on-site soil profile to illustrate 3.99 1.05 
types of soil 

Distinguish between conservation tillage 3.97 1.10 
and conventional tillage 

. Describe the importance of soil organic matter 3.96 1.09 

Distinguish between soil texture and structure 3.93 1.13 

List the macro and micro nutrients of soil 3.89 0.97 

Explain soil compaction 3.85 1.10 
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Table 23. Continued 

Competencies Mean S.D. 

Explain the biological properties of soil 3.84 1.08 

Demonstrate water holding capacity of soil 3.83 1.12 

Determine soil water availability 3.73 1.12 

Identify pH ranges for major crops 3.69 1.11 

Describe the cycle of soil ecosystem 3.68 1.11 

Develop pH scale to plot acidity and 3.67 1.15 
alkalinity 

Describe soil formation 3.65 1.13 

Describe the principle of organic farming 3.61 1.08 

Demonstrate cation exchange capacity of 3.57 1.10 
soil 

Measure the electrical conductivity of soil 3.34 1.09 

Describe the nature and properties of soil 3.12 0.94 

Grand mean 3.87 

1= Not important 
5= Very highly important 
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Table 24. Means and F-values for the degree to which instruction 
would be expanded in selected soil science competency 

categories as perceived by agriculture teachers in various 
regions in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=50 n=39 n=43 n=41 n=26 

Nature & 4.74 3.61 3.14 4.42 4.16 4.14 4.03 2.25* 
properties 
i=9 

Soil nutrients 3.59 3.50 3.82 4.22 4.08 4.00 3.86 1.77 
i=4 

Problem soils 3.63 3.61 3.85 4.37 4.30 3.92 3.95 1.22 
i=6 

Soil water 4.00 3.91 4.05 4.42 4.39 4.02 4.13 1.54 
i=4 

* F-value required for significance at 0.05 level of confidence with 5 and 
236 degrees of freedom was 1.99 

n=Number of respondents in each group 
i =Number of items in each competency category 
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Table 25. Means and standard deviations for the degree to which 
instruction would be expanded in microbiology competencies 
as perceived by vocational agriculture teachers in the U.S.A. 
(n=237) 

Competencies Mean S.D. 

Identify nitrogen fixing organisms and 3.85 1.05 
explain how they fix nitrogen 

Identify symptoms of major diseases of 3.84 1.09 
agronomic plants 

List beneficial microbes in agriculture 3.78 1.07 

Distinguish between fungi and bacteria 3.51 1.05 
related to agriculture 

Demonstrate the operation of the compound 3.37 1.06 
microscope and its relationship to agriculture 

Demonstrate the ways of classifying micro- 3.28 1.10 
organisms related to agriculture 

Demonstrate the culturing of micro- 3.16 1.17 
organisms in the laboratory 

Observe the structure and composition of a 3.09 0.94 
bacterial cell under the microscope 

Identify the difference between autotropic 3.08 0.68 
and heterotropic microbes 

Explain reproduction in fungi 3.02 1.11 

Draw the structure of algae 2.92 1.01 

Draw the structure of selected fungus 2.67 0.86 
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Table 25. Continued 

Competencies Mean S.D. 

Draw the structure of yeast 2.80 1.13 

Grand mean 3.16 

1= Not important 
5= Very highly important 
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Table 26. Means and F-values for the degree to which instruction 
would be expanded in selected microbiology competency 
categories as perceived by agriculture teachers in various 
regions in the U.S.A. 

Competency Respondent groups Mean F-value 
categories 1 2 3 4 5 6 

n=38 n=50 n=39 n=43 n=41 n=26 

Identification 3.07 3.05 3.80 3.68 3.79 3.58 3.49 1.31 
of microbes 
i=3 

Structure of 2.88 2.58 3.17 3.22 3.55 3.11 3.08 3.17** 
microbes 
i=6 

Role of 3.66 3.27 3.82 3.68 3.87 4.03 3.72 1.89 
microbes 
i=3 

Culturing 3.40 2.86 2.44 3.25 3.21 3.54 3.12 0.87 
microbes 
i=l 

** F-value required for significance at 0.01 level of confidence with 5 and 
236 degrees offreedom was 2.65 

n=Number of respondents in each group 
i =Number of items in each competency category 
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Table 27. Means and standard deviations for the degree to which 
instruction would be expanded in food science competencies 
as perceived by vocational agriculture teachers in the U.S.A. 
(n=237) 

Competencies 

Describe the process of fermentation 

Identify wholesale and retail cuts of meat 

Identify some artificial sweeteners that 
can be manufactured in the industry using 
biotechnology 

Explain the processing of milk and dairy 
products 

Describe the various methods of processing 
of fruits and vegetables . 

Describe the process of milk formation in 
cattle 

Explain the concept of food chain 

Explain the process of conversion of feed 
into meat in hogs and cattle 

Describe pasteurization of milk 

Explain how nutritive value of food can 
be improved 

Explain the microbial activity in milk and 
how it help in the formation of milk products 

Describe how vinegar is used in the manufacture 
of canned vegetables 

Mean S.D. 

4.47 0.66 

4.24 0.86 

4.12 0.92 

4.04 0.80 

4.01 0.80 

3.99 0.86 

3.99 0.82 

3.98 0.84 

3.93 0.77 

3.80 0.95 

3.78 0.87 

3.63 0.87 
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Table 27. Continued 

Competencies 

Explain the role of barley and malt as a flavor 
supplement in baking 

Grand mean 

1= Not important 
5= Very highly important 

Mean S.D. 

3.30 0.93 

3.76 

Table 25 indicates that most items rated low in the area of 
microbiology. The competency "identify nitrogen fixing organisms and 
explain how they fix nitrogen" (3.85) was the highest ranked item in this 
competency area. The lowest rated competency was "structure of yeast" 
with a mean of 2.40. The composite mean for the microbiology area was 
3.16. It was observed that the mean scores for the regions which differed 
significantly regarding the importance of competencies differed 
significantly regarding the expansion of instruction in this area 
(Table 26). 
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Table 28. Means and F -values for th~ degree to which the instruction 
would be expanded in selected food science competency 
categories as perceived by agriculture teachers in various 
regions in the U.S.A. 

Competency 
categories 

Food spoilage 
i=4 

Food 
preservatives 
i=5 

Food 
processing 
i=10 

1 

n=38 

3.29 

3.25 

3.51 

Respondent groups 
2 3 4 5 

n=50 n=39 n=43 n=41 

3.25 3.42 3.57 4.25 

3.42 3.86 3.88 4.16 

4.10 4.17 4.12 4.33 

Mean F-value 
6 

n=26 

3.63 3.56 2.23* 

3.92 3.74 2.10* 

3.96 4.03 4.03** 

* F-value required for significance at 0.05 level of confidence with 5 and 
236 degrees of freedom was 1.99 

** F-value required for significance at 0.01 level of confidence with 5 and 
236 degrees of freedom was 2.65 

n=Number of respondents in each groups 
i =Number of items in each competency category 

In the food science area four out of nineteen items received high 
ranking regarding expansion of instruction (Table 27). The competency 
statements "describe the process of fermentation" (4.47), "explain 
processing of milk and dairy products" (4.24), and "identify some 
artificial sweeteners that can be manufactured in the industry using 
biotechnology" (4.i2) was the order of priorities perceived by the 
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vocational agriculture instructors regarding expans~on of instruction in 
this area. The grand mean for expansion of instruction in the food 
science area was 3.76. The mean scores of region five were significantly 
greater than region three for the competencies falling under the 
category food preservatives and food processing (Table 28). 

Open Comments of the Respondents 

The respondents wrote several comments on the questionnaires. The 
following lists are the comments presented by respondents by the 
NVATA regions 

Region I 
1. I would like to know the results of this survey. Late spring is a 

bad time for a teachers' survey. Winter would be better. 
2. We must be reminded that each student has different needs. I 

don't think Vo.Ag. programs should get so heavily involved with 
bioscience that they may lose of the objectives of vocational 
education. 

3. Lengthy questionnaire, but good. I really thought these 
questions were common sense. 

4. This is what is needed in Ag. science. My hats off to you. 

Region II 
5. Biotechnology is in my opinion, the feeding and clothing our 

world with a reduction in chemical dependence. 
6. Agriculture is and always has been bioscience. 
7. If too much bioscience is incorporated into high school, students 

aren't going to be able to experience all areas of agriculture. 
8. Students will not learn or attempt to learn more bioscience if 

they are involved in farming or see a real need for this type of 
education. 

9. lam interested in the results of this survey. 
10. Having been involved in a study while completing my master's I 

found it very frustrating when the university took no action on 
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the recommendation from the study. It is time they either take 
time to teach high school again or revise what they are teaching 
in college. 

11. I am interested in the food science questions. Food science 
would perhaps expand the view the public has on agriculture. 
Every one has to eat! 

Region III 

12. I think we must move ahead with biotechnology. Our 
agriculture education must change to meet the needs. 

13. Agriculture is a science and bioscience a part of it. Needs more 
emphasis as a part of modern agriculture. 

14. The teachers cannot handle biosciences without relevant 
materials. 

15. A long but detailed survey. 
16. Please send survey results to me. 

Region-IV 

17. I found that I really wanted to add much of the materials to my 
curriculum. However as I entered the microbiology section and 
continued through the survey I found myself questioning how 
practical or is it going to be possible to add these subjects to my 
curriculum without major redirections in my studies requiring 
additional time at the university level. Secondly, by going in the 
direction of more academic materials for our students are we 
forgetting students who are not going on towards higher 

education. I am questioning my abilities to teach all things to all 
students just to keep my numbers up so that I can keep my job 
up. 

18. Without instructional materials and proper guidance for 
teachers, this program would face severe problems. 
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19. The incorporation of bioscience would be a good for a select few 
but the majority of my students couldn't handle the material. 

20. This sounds good. Get us the text book on "Bioscience." 

Region V 

21. The survey is too long. 
22. I feel like I am spinning my own wheels, I would like to teach 

more Ag. Sciences. But I don't know what to use, how to do it, 
or how comfortable I will be with the teaching materials. 

23. Many of the questions asked are "taken care of' by the science 
department of our school. 

24. Hands on experience activities on biosciences would be much 
more useful. 

25. There is a thin line between science for credit and as an elective. 
This is great for some students, but not all can handle the 
material. Last year some of my students were classified as 
"untrainable." Teaching this subject material with good 
guidance can help a program, with poor guidance it can destroy 
it. Rating these can vary depending on which group of students 
you rate for. 

26. Teachers would need a lot of inservice training with bioscience 
program in high schools. 

27. I would like to receive a copy of this report when my area of 
study is completed. 

28. Only few of the high school students I teach are capable of much 
of the work you outlined above (5% -10%). 

Region VI 

29. It is hard to try and teach what we need, to let alone add 
anything else. 
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30. A number of competencies are important but are already being 
taught in the program. I feel some are a bit complex for high 
school students. I believe in basics. We can build from a good 
foundation. 

31. In Pennsylvania, we are beginning a study this summer on how 
we can introduce agriscience into our Vo.Ag. programs. We are 
trying to get away from cows and ploughs. 

32. Yes, it should be incorporated into the ago programs but at the 
most advanced level. But it would require a lot of additional cost 
to operate the programs which is always a problem. 

33. The reason I may have a '5' for importance and '3' for expansion 
is that I am aware that materials are already available to me 
and I would not expand much. 

Summary 

The following statements summarize the major findings of this 
investigation: 

1. The composite average age of vocational agriculture instructors 
of the U.S.A. was found to be 44.4 years. Among the 
respondents, 47.3 percent of the instructors possessed a 
bachelor of science degree while 52.7 percent earned a master of 
science degree. The average experience of the agriculture 
instructors was observed to be 14.7 years. 

2. Respondents agreed most on the statement that "additional 

instructional materials are required for infusing the 
biosciences." Respondents also disagreed that "biotechnology 
will promote chemical dependency." 

3. The respondents perceived that "learning the biosciences would 
help students to better understand agriculture." At the same 
time, the respondents did not totally agree with the statement 
"students are interested in learning the biosciences as they are 

related to agriculture." 
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4. A oneway analysis of variance and a Tukey test revealed 
significant statistical differences for only two out of fourteen 
perception statements regarding teaching the biosciences. 

5. It was found that as' the instructors' age increased their 
agreement also increased concerning the statement , "learning 
biosciences would help students to better understand 
agriculture". It was found to have a significant positive 
correlation with the age of respondents. 

6. While analyzing the bioscience competencies, the agriculture 
instructors ranked the competencies listed in the soil science 
area as the competencies that were highly important. The 
microbiology competencies were given lowest importance. 

7. While analyzing the bioscience competencies, the agriculture 
instructors ranked the competencies listed in the soil science 
area as the competencies that were highly important The 
microbiology competencies were given lowest importance. 

S. Instructors wanted to' expand instruction in the competencies 
listed in the animal science area to the greatest extent but did 
not see microbiology competencies being expanded to any great 
extent. 

9. The respondents varied in their responses by region. The 
respondents in region five consistently perceived the bioscience 

competencies that are important to a greater extent than the 
respondents in the regions two and one. 
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CHAPTER V. DISCUSSION 

The primary purpose of this study was to identify the level to 

which selected bioscience competencies were important to the study 
of agriculture and also to identify the extent to which instruction in 
these competencies would be increased given materials and inservice 
education as perceived by the vocational agriculture instructors in 
the U.S.A. In addition, the study sought to determine the perceptions 
held by vocational agriculture instructors regarding teaching the 
biosciences, and to compare the various groups of respondents 
regarding their perceptions on selected bioscience competencies and 
demographic factors. 

While interpreting the findings of the study, the following 
characteristics in the design of the study should be considered: 

1. A pilot test of the instrument was conducted. The pilot test 
helped to identify the problem areas in the instrument such 
as interpretation of correct meaning and ease of 
understanding. The pilot test also helped to reduce the 
length of the questionnaire by fifteen questions. 

2. The expert committee represented by the members of the 
Iowa Technical Committee on Biotechnology and vocational 
agriculture instructors who established the content validity 
of the instrument provided a major strength of this project. 

3. The final response rate of this survey was 47.3 percent. Had 
this survey been conducted in early spring or late fall, the 
final return rate might have been higher. In addition, 
further reduction of the length of the questionnaire might 
have increased the response rate. If the respondents had 

been asked to encircle the numbers in the scale from 1 to 5, 
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we might have increased the response rate, instead of 
asking them to write the numbers every time to express 
their perceptions regarding the competency statements. 
However, when one considers the usable sample size (237), 
the nation-wide coverage of this survey, the representation 
to all fifty states in the survey, and the wide range of the 
biosciences covered by the survey, it can be concluded that 
forty-seven percent was a reasonable response rate. 
Another strength of this survey was that, there were no 
significant statistical differences between the mean scores 
of the respondents who completed and mailed the 
questionnaire and the non-respondents who were later 
contacted by telephone. It was understood from the non­
respondents that a lack of time and the length of the 
questionnaire had posed certain limitations on them. 

4. The reliability of the instrument was adequate. 
5. The national scope of the study was a significant aspect of 

this research effort since the findings of the research study 
could be generalized to the entire country. 

6. Stratified random samples were drawn from the six 
NVATA regions of the country. As NVATA 
communications are initiated and maintained through the 
national office to the regions, it is assumed that the data 

pertinent to the respective regions would be beneficial for 
further projects such as development of instructional 
materials and inservice educational programs to teachers, 

etc. 

One of the objectives of this study was to determine the perceptions 
of vocational agriculture instructors regarding teaching the 

biosciences. Overall, the agriculture instructors agreed with the 
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statement, "learning the biosciences would help students understand 
agriculture. " This finding indicated that the instructors were aware 
of the fact that the study of agriculture needs basic knowledge of the 

\ biosciences. This premise is also supported by the statement that the 

\ 
biosciences place increased emphasis on broadening students' 
knowledge of basic agricultural functions and systems (Martin, 
1987). It can be concluded that the instructors have agreed with the 
point that fundamental aspects of the biosciences would help 
students to better understand agriculture. 

The agriculture instructors also agreed with the statement that 
the students should learn how to explain the processes that occur in 
plants and animals while studying agriculture. This finding seems 
somewhat contradictory to the philosophy of the vocational 
agriculture education which states, "vocational agriculture 
education programs are aimed at preparing individuals for 
entrepreneurship or employment" (Buriak, 1989). Obviously, certain 
fundamental principles or process-oriented instruction is necessary 
for entrepreneurship or occupational education. Students need to 
know how and why agricultural systems work. 

The statement, "infusion of more of the biosciences would expose 
students to diversified career opportunities in the field of 
biotechnology" received a neutral score from agriculture instructors. 
The researcher suspected that some instructors agreed with the 

statement because of the fact that they were in the process of gaining 
knowledge about the growing employment opportunities in the field 

of agriculture related to the sciences. At the same time, some 
instructors disagreed with the statement because of unrealistic views 
of employment opportunities available in agriculture. Martin 
(1988a') also supported the investigator's contention that current 
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vocational agriculture programs may fail to alert students regarding 
new career opportunities in agriculture especially those related to 
biotechnology. 

The instructors agreed with the statement, "learning about the 
biosciences helps students in developing skills in related agriculture 
fields." This information indicates that the instructors are aware of 
the "skills" related to the biosciences. The need for skill development 
was also emphasized by Sutphin (1985) when he stated that the 
biological sciences offer special opportunities for students to 
understand specific technological skills such as animal 
reproduction, which in turn can result in enormous gains in 
production efficiency. It can be concluded that the instructors were 
becoming aware of the role of science in a successful agriculture 
program. 

There exists a perception among some agriculture instructors 
that vocational agriculture students are not very interested in 
learning the biosciences related to agriculture. This finding might 
be attributed to the fact that the instructors were concerned that too 
much focus on the sciences of agriculture may hurt enrollment 
instead of enhance enrollment in agriculture programs. However, 
certain instances indicate that motivating the desire of students 
toward learning the principles and practices of the biosciences of 

agriculture greatly depends on the performance of the teacher. Perry 
(1989) supported these views when she stated that student interest 

would be piqued by opportunities offered by a good teacher through a 
quality program to practice scientific methods with technology in 
order to meet the needs of the student and the local community. 
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The instructors moderately agreed that they were interested in 
infusing bioscience skills and knowledge into the study of 
agriculture. This information indicates the instructors' awareness 
of current developments taking place in the biosciences and their 
desire to exploit the opportunities. Hence, it can be concluded that 
they were interested in relating bioscience skills and knowledge into 
the study of agriculture. 

The need for additional instructional materials for teaching the 
biosciences was recognized when the respondents ranked this item 
as the first among all perception statements. It could be speculated 
that whether the instructors were ready to infuse the biosciences into 
the study of agriculture at once or not, they felt the need for 
instructional materials pertaining to the biosciences. This premise 
is also supported by some other studies. Martin (1987) suggested that 
a model curriculum plan or guide should be developed for the new 
agriculture and its emphasis on the biosciences stressing the seven 
occupational areas of the agricultural industry and its global impact. 
A state-wide survey conducted by VoId (1988) in order to study the 
perceptions of vocational agriculture instructors towards the 
biosciences in Iowa, also found that additional instructional 
materials were required for infusing the biosciences into the study of 
agriculture. It was interesting to note that this statement also 
ranked first among all the nineteen perception statements included 

in the above mentioned study. This finding leads to the conclusion 
that vocational agriculture instructors did not possess sufficient 

instructional materials related to the biosciences and hence, it is 
assumed that they are greatly in need of those materials. 

The following finding created an ambiguity as to whether the 
instructors would proceed to infuse the biosciences even though 
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sufficient instructional materials would be made available to them. 
The agriculture instructors strongly agreed with the statement that 
it would take additional time to incorporate the biosciences into the 
study of agriculture. A Texas teacher supported this statement 
saying, "I don't feel we have enough kids to justify spending a lot of 
time in this new area." One might expect this reaction due to the 
nature of the diversified job responsibilities of vocational agriculture 
instructors ranging from classroom instruction to SOE programs. It 
can be concluded that the time factor might restrict the instructors to 
proceed with the bioscience infusion inspite of sufficient instructional 
materials and motivation by educators. 

It was observed that the vocational agriculture instructors "some 
what" disagreed with the statement, "study of the biosciences would 
help in developing SOE programs." This finding could be attributed 
to the fact that vocational agriculture instructors may be unaware of 
science oriented SOE programs. However, there are some examples 
of science related SOE programs. According to Perry (1989), when 
students took ownership of agricultural projects such as 
maintenance of green houses, bedding plants, growing fruits and 
vegetables to sell at local markets for profit, they came to enjoy 

science more because they saw reasons to know about it. Also she 
stated that more intangible net profit for the students was a surge of 
enthusiasm for learning more about sciences related to these 
occupations. The Committee on Agricultural Education in 
Secondary Schools (1988) also supported this view by stating that a 
valuable SOE for a student could mean working as an elementary 
school teacher's aide and helping with a lesson plan in plant 

genetics. It can be concluded that the agriculture instructors were 
not very aware of SOE programs related to the biosciences. 
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The agriculture instructors perceive~ that the infusion of the 
biosciences would not strengthen FFA activities. In other words, 
they disagreed, to some extent, with the statement "infusion of the 
biosciences into vocational agriculture would strengthen FFA 
activities." It could be assumed that the way FF A functions might be 
a contributing factor for this finding. The committee report on 
Agricultural Education in Secondary Schools (1988) supported the 
assumption of the investigator when it found that vocational 
agriculture instructors are unduly driven by a desire to help students 
excel in traditional production oriented FFA contests and award 
programs. The National Organization of the FFA recognizes 
vocational agriculture teachers who have shown that they use 
agricultural science effectively in their instruction and also students 
who have demonstrated the agriscience principles in their research 
projects. Some other studies have supported the aforementioned 
view. The involvement of agriscience into the FF A was also 
encouraged by state action plans of the National Conference on 
Agriscience and Emerging Occupations and Technologies held in 
Orlando, Florida in 1988. One of these action plans was to develop an 
agriscience center at FFA summer camps (Williams and Pope, 1988). 

Moreover, the youngsters could conduct a series of outreach 
symposiums that explain the institute's curriculum and provide 

expert discussion on agriscience topics (Duval, 1988). It can be 
concluded that agriculture instructors might ignore the view that the 
biosciences strengthen the FFA activities due to the nature of how 
FFA currently functions. 

Hill et al. (1986) found out that biological nitrogen fixation reduces 
the use of nitrogenous fertilizer which in turn leads to the 

conservation of fossil fuels used to produce ammonia which is the 
main source of raw material for the manufacture of nitrogen. The 
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agriculture instructors agreed to some extent that the. application of 
biotechnology such as biological nitrogen fixation would reduce 
dependency on environmentally undesirable chemicals. At the same 
time, they strongly disagreed with the statement, "biotechnology will 
promote chemical dependency." It could be speculated from the 
above findings that the respondents were aware of the negative 
impact of chemicals on the environment to a certain extent. The 
following reaction of one of the agriculture instructors could also be 
taken as a support for this finding: "biotechnology, in my opinion, 
would be helpful in feeding and clothing our world with a reduction 
in chemical dependence." It can be concluded that the instructors 
were aware of the information that application of biotechnology could 
reduce chemical dependency. 

The agriculture instructors also agreed to the view that 
biotechnology will be useful for improving disease and insect 
resistant plant varieties and that biotechnology helps breeders to 
improve nutrient value of food and feed grains. This finding 
suggests that the instructors have knowledge about the recent 
developments in the technology of insect and disease resistant plant 
varieties using biotechnology. 

Importance of Bioscience Competencies 

The first objective of this study was to determine the level of 

importance of bioscience competencies in the study of agriculture. It 
was found out that most of the competencies related to the plant 
sciences were of high importance. Plant sciences that are related to 
production agriculture were also given high importance. 
Competencies that dealt with plant classification and certain new 
technologies such as hydroponics received moderate to low 
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importance. This finding indicates that most of the competencies 
related to plant sciences were important to agriculture instructors. 

Among the competencies in the area of genetics, the agriculture 
instructors gave higher importance to competencies related to plant 
breeding where as the competencies related to cell biology were rated 
low in importance. This contradicts the view of Malpiedi (1989) who 
stated that agriculture instructors are meticulous in their efforts to 
cross basic science concepts and principles with agricultural 
competencies. The competencies related to the category 
biotechnology were rated moderate in importance. It could be stated 
that many agriculture instructors are not aware of the fact that most 
traditional breeding methods are outdated. This is in accordance 
with the general trend in the agricultural profession (Doyle, 1987). 
One might expect that this finding was due to the fact that the 
competencies at the cellular level are being taught by the core science 
instructors in secondary schools. This information suggests that the 
competencies that deal with cell biology and biotechnology are not 
finding a place in the instruction of teachers of agriculture. 

Among the animal science competencies, the competencies 
related to livestock production were given high importance in 
vocational agriculture programs. This finding is supported by 

Thomas and Groves (1986) who stated that teaching livestock 
production to agriculture students has traditionally been a major 

part of the secondary vocational agriculture program. The 
competencies related to the categories "animal systems" and 
"technology for growth" were given lower importance. This 
information is in line with the argument by Thomas and Groves 
(1986) which was that instructors tend to teach those manipulative 
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skills which they are confident they themselves can perform 
effectively. 

In the microbiology competency area, it was observed that none of 
the items were given a high importance rating.' The competencies 
related to the category "structure and function of various 
microorganisms in agriculture" received the lowest rating. This 
information suggests that a lack of adequate laboratory facilities, 
unavailability of a compound microscope and lack of instructional 
materials might be the reasons for low instruction in this 
competency area. The area of food science has also received a 
moderate importance rating. It appeared that the production nature 
of vocational agriculture programs and the instructor's being 
unaware of the vast career scope in the field of food preparation and 
processing might have contributed to the lack of attention in this 
area. It can be concluded that most of the competency areas related 
to microbiology and food science were not being taught to a great 
extent in vocational agriculture programs. 

Expansion of Instruction in the Biosciences 

The second objective addressed by this study was to determine the 
degree to which vocational agriculture instructors would increase 

instruction in the biosciences given selected resources and inservice 
education. 

Among the plant science competencies, the knowledge and skill 
areas that deal with principles of plant physiology and plant growth 
and development were rated highly. Moore (1987) supported such a 
need by providing an example: Observation of the pollinators in 
gathering pollen from female and male flowers of many fruit trees 
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would require knowledge in pollination and fertilization. The 
competencies related to the category "plant classification" were rated 
low. While interpreting the findings, it seemed that the instructors 
due to lack of time, were not interested in analyzing how plant 
classification systems can provide insight into fundamental 
relationships between individuals in the plant kingdom. These 
findings suggested that the instructors had a low desire to teach 
competencies related to plant classification. 

The instructors seemed interested in increasing instruction in the 
area of genetics and to some extent in biotechnology. At the same 
time, the instructors did not perceive expanding instruction in the 
category of "cell biology." This finding indicates that the instructors 
were unaware of the fact that the understanding of cell biology is 
essential for learning biotechnology. For instance, teaching gene 
splicing without understanding the structure and function of DNA 
would not only be a wrong approach but also serve no useful purpose. 
This view could also be related to the statement by Martin (1988b) that 
current developments in biotechnology cannot be understood by the 
students of vocational agriculture unless the fundamental principles 
of biology are taught. McCormick and Cox (1988) also supported this 
view that teaching specific facts of agribusiness and technology 
without blending the know-how aspects of the biosciences would not 
be educationally sound. A case example from the field illustrated 
that pupils after learning the structure and function of DNA in a cell, 
clone plants from single cells and experimenting with the 
propagation of pineapples and gooseberry plants in the laboratory in 
secondary schools (Perry, 1989). It can be concluded that though 
instructors have showed some interest in teaching biotechnology, 
they may be ignorant of how principles of cell biology are essential 

towards this new effort. 
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Among the animal science competencies, competencies related to 
the category "technology for growth" was given high priority for 
expansion of instruction. The researcher felt that agriculture 
instructors should have heard about cost feasible and economic gain 
technologies such as application of bovine growth hormone and 
porcine somatotropin. According to Norcross (1989), the recent 
advances in the application of porcine somatotropin decreases the 
amount of feed that animals consume to gain the same amount of 
body weight. The investigator suspected that a high ranking for the 
category "technology for growth" might be due to the fact that the 
instructors' awareness of the role of porcine somatotropin in 
increasing the body weight of swine for the same amount of feed 
consumed. At the same time, the low score for the category "animal 
systems" led the investigator to a conclusion that the instructors are 
less knowledgeable regarding how somatotropin causes the liver to 
stimulate the proliferation of cells in skin and cartilage which affects 
adipose tissue resulting in increasing protein deposition in the 
muscles of swine. This illustration directly reflects the theoretical 
framework provided by Martin (1988a) which stated that the students 
cannot understand biotechnology unless the underlying principles of 
biology are taught. Further, Braund (1986) also supported the 

argument by stating that it could be especially useful in recruiting in 
high school to tell the exciting story of biological research in animal 
science to students with career interest in biological sciences. It can 
be concluded that the instructors, though interested in infusing 

application aspects of biotechnology in animal science, are not 
positive towards teaching animal systems. 

The .high mean scores for expansion of competencies related to 
methods of maintaining water quality is not very surprising as this 
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topic is becoming more and more of a priority at the national level in 
general and the midwest in particular. The passage of the 
Groundwater Protection Act of 1989 increased the visibility of the 
water quality issue (Weber, 1989). It could be speculated that higher 
mean scores in soil erosion control might be due to the increased 
awareness among instructors regarding conservation programs. 
More over, the conservation provisions of the Food Security Act of 
1985 has generated instructional materials and visibility for the need 
for soil erosion control. It can be concluded that the involvement of 
considerable number of agriculture instructors in soil judging 
contests might have also contributed to high mean scores for 
expansion of instruction in the soil science area (Weber, 1989). 

It was observed that the agriculture instructors gave low 
importance to expanding instruction relating to the category 
"structure and function of microorganisms" though they perceived 
that there should be instruction related to the category "role of 
microorganisms in agriculture." It appeared that the instructors 
possess a low understanding of the nature of microorganisms such 
as yeast, fungi, and bacteria. Mayer and McInerney (1984) 
supported the above assumption saying, "it is very difficult to develop 
an understanding about how microorganisms are cultured in large 

scale for specific uses unless the students clearly understand th.e 
nature of occurrence, structure, and reproductive capabilities of 
these beneficial organisms." 

The food science competencies related to food processing, 
fermentation and new food products received the attention of the 
agriculture instructors by indicating a need for expansion of 
instruction in those areas. An assessment of the need for school 
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community food preservation projects was conducted as early as 1982 
in Louisiana also supports this finding (Kotrlick and Garland, 1982). 

The study concluded that teachers, supervisors, and students 
agreed that food processing should be included in every high school 
vocational agriculture program. A Louisiana state instructor 
argued that food science would perhaps expand the view the public 
had about agriculture because everyone has to eat. The competencies 
related to microbial processes that take place in the preparation of 
food received the lowest rating by the instructors. This information 
indicated that the agriculture instructors were not fully aware of the 
fact that micro-organisms are directly involved in the successful 
outcome of numerous food production processes such as brewing, 
baking, sausage manufacture, fermentation of vegetable materials, 
sauerkraut pickles, and manufacture of fermented dairy products. 

The fourth and final objective addressed by this study was to 
compare various groups of respondents regarding their perceptions 
on selected competencies and demographic factors. Significant 
differences among the NVATA Regions I, II, V, and VI were 
observed regarding expansion of instruction in the areas of plant 
science, genetics, microbiology, and food science. In other words, the 
mean scores in the regions I and II for expansion of instruction in 
the above competency areas were significantly less than regions V 

and VI. The investigator speculated that the instructors in regions I 
and II were more concerned about the point that the vocational 

agriculture program may weaken the objectives of vocational 
education if the instructors would get so heavily involved with the 
study of the biosciences. In the soil science competency area, the 
mean scores for soil science competencies in regions II and III are 
significantly higher than regions IV and VI. The investigator 
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assumed that the instructors were well aware of soil and ground 
water problems in the regions II and III (midwest) than other 
regions and this fact contributed to their significantly high score. No 
significant difference in the animal science area was observed. This 
finding might be due to the fact that instructors in all the six regions 
placed more or less high emphasis on livestock production areas and 
low importance to competencies related to the study of animal 
systems. 

Open Comments of the Respondents 

Though only a few people reacted to the open comments section of 
the survey, certain useful conclusions were drawn. The vocational 
agriculture instructors in Region I were not very positive towards the 
survey. One of their major concerns was that the vocational 
agricultural program may weaken the objectives of vocational 
education if the instructors get so heavily involved with the 
biosciences. Most of the comments from the agriculture instructors 
of Region II were favorable to the infusion of the biosciences into the 
study of agriculture. However, one instructor felt that if too much of 
the bioscience were incorporated into high school programs, students 
aren't going to get experience in all areas of agriculture. It can be 
assumed that the instructors of this region understood to some extent 
that this new effort would develop learning opportunities for students 
in the areas other than production agriculture. 

Though some instructors argued that they cannot handle the 

biosciences without relevant materials, Region III instructors 
strongly felt that certain changes in agricultural education are a 
must. One instructor in Region IV raised certain questions which 
might be interesting for all agricultural educators: "How practically 
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is it to add the biosciences into the present curriculum without major 
redirection in my studies, requiring additional time at the university 
level?", "Are we not forgetting students that are not going on towards 
higher education?" The investigator left these questions to further 
research in this area. 

The instructors in Region V had a desire to expand instruction in 
the biosciences. This effort had these limitations: need for 
instructional materials suited to the needs of their students and local 
community, conflicts with science department, and lack of hands­
on experiences in the biosciences. The instructors in Region VI were 
very much interested in infusing the biosciences though they 
expressed their concern regarding additional costs. The investigator 
speculated that the instructors throughout the country were willing 
to move toward this direction inspite of a considerable amount of 
apprehension. It can also be assumed that the limitations posed by 
instructors vary from region to region. But the need for instructional 
materials and inservice education did not seem to vary much 
throughout the length and breadth of the nation. 

Implications 

The discussion of findings led to the following implications: 

1. Overall, the instructors had developed a certain awareness 
for the infusion of the fundamental principles of the 
biosciences into the study of agriculture. 

2. The instructors' neutral view of the role of the bioscience in 
diversifying career opportunities for students, the 
biosciences related SOE programs and strengthening FFA 
activities implied their unrealistic view of agricultural job 
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prospects and their being unaware of current developments 
in agricultural biotechnology. 

3. The results of this study indicate that the instructors had 
doubts regarding student involvement in a program of 
vocational agriculture which focus on the biosciences. 

4. It was clear that additional instructional materials were 
needed and this need was felt throughout the country 
in spite of certain limitations. 

5. Further, the instructors indicated an interest in infusing 
the biosciences into the curriculum and wanted to take 
advantage of the opportunities. 

6. The instructors' perceptions of the bioscience competencies 
were to some extent contradictory to their perceptions 
regarding teaching the biosciences in agriculture. 

7. The information regarding the importance of the 
biosciences and the need for more materials indicated an 
interest in infusing the biosciences into the curriculum. 

S. Instructors perceived that they would expand instruction in 
related areas: plant growth and development, technology 
regarding animal growth, soil problems and ground water 
quality, food products and processing. This finding imply 

that the instructors were aware of these areas and might be 
used to reshape the image of vocational agriculture 
programs. 

9. At the same time, some instructors' perceptions regarding 
instructional expansion in areas like animal systems, cell 
biology, nature and properties of soil, structure and 
function of microorganisms and microbial process in food 
implied their lack of desire to learn innovative approaches 
to teaching, lack of laboratory facilities, narrow vision of the 
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fundamental principles of the biosciences and their impact 

on agriculture and their lack of motivation. 
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CHAPTER VI. SUMMARY AND RECOMM:ENDATIONS 

Introduction 

Bioscience is defined as "any science whose systematized knowledge 
and principles are applied to the functions and problems of living 
organisms" where as biotechnology refers to "any technique that uses 
living organisms to make or modify products, to improve plants and 
animals, or to develop microorganisms for specific use". Biotechnology 
with all its inherent complexities, mysteries, problems and challenges, 
promises to revolutionize farming and agriculture. With speed and 
accuracy, biotechnology promises to remedy all manner of agricultural 
problems confronting every society attempting to feed itself 
(Doyle, 1985). In animal production, for instance, it holds the potential 
of magnifying productivity, accelerating cross-breeding program, even 
altering the genetic makeup of animals (Fowler, 1987). 

And while cloning of an embryo is already a reality, researchers 
dream of applying genetic engineering to accomplish such goals as a 
com plant which could fix its own nitrogen supply, or present day 
annual crops which could be bred to rejuvenate by themselves. 
Biotechnology is being applied to food processing and manufacturing, to 
new methods for ecologically sound disposal of wastes, and to 
biochemical engineering of crop residues (Clarke, 1986). According to a 
recent survey of knowledgeable representatives of the farming, 

industrial, government, and academic sectors projected biotechnology to 
provide 40 percent of the innovations for crop production in the year 2005 

while traditional technologies was expected to provide only 30 percent 
(Hardy, 1985). 
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Statement of the Problem 

The possibilities are limited only by imagination and initiative among 
researchers. Biotechnology is not only enhancing the traditional 
enterprises in food and fiber production, it also is producing new high 
technology industries that are in themselves providing new jobs and 
producing new goods and services. Because of the emergence of these 
industries, the need for developing an awareness of the scientific 
foundation of the agricultural industry is becoming one of the major 
issues of our time. As new careers are springing up, and diverse 
opportunities examined, a challenge to prepare for these opportunities is 
facing the educational field, particularly vocational educators. 
Moreover, the current developments in the field of biotechnology cannot 
be understood by the students of vocational agriculture unless the 
fundamental principles of the biosciences are taught (Martin, 1988a). 

The National Study on Agricultural Education in Secondary Schools 
(1988) also emphasized the need for a change and stated that the current 
vocational agriculture programs and the FFA are not meeting the 
broader needs for agricultural education generated by changes in the 
food and fiber industries and society as a whole. In addition, 
revitalization of high school agriculture programs is necessary for 
solving problems such as declining enrollments and lack of student 
interest (Luft and Peterson, 1989). This new effort would also meet the 
needs of students when they discover a purpose in being a school and 
they feel important and valuable while dealing with their own 
enterprises. The technological developments cannot be applied in the 
field of agriculture, if vocational agriculture teachers lack knowledge 
about how to use the biosciences in the study of agriculture. Realizing 
the need for the infusion of the biosciences into vocational agriculture, 
the Iowa Technical Committee on Biotechnology (1987) recommended 
that educators should infuse more of the biosciences into the vocational 
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agriculture curriculum in order to prepare students for the highly 
sophisticated agricultural industry of the future. 

This information formed the basis for some key questions: 
1. What bioscience skills and knowledge and skills be taught in 

vocational agriculture programs? 
2. To what degree are teachers willing to infuse more science into 

their courses? 
3. What incentives do teachers need to infuse more science into 

the curriculum? 

Purposes and Objectives 

This study attempted to identify the perceptions held by teachers of 
agriculture in the U.S.A. regarding the infusion of the biosciences into 
the study of agriculture. It also sought to measure the degree of 
acceptance which could be expected on the part of teachers as further 
efforts were implemented to infuse the biosciences into vocational 
agriculture programs across the nation. Additionally, the purpose of 
the study was to lay some groundwork for future research and 
development of instructional materials in the area of the biosciences. 
Since biotechnology has stirred a great deal of interest throughout all 
levels of education, it was considered appropriate to begin any new 
reform and/or advancement by first describing what already existed and 
then establishing priorities for potential curriculum changes. 

The specific objectives of the study were: 

1. To identify the level of importance of the biosciences in 
vocational agriculture as perceived by agriculture instructors, 
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2. To identify the degree to which vocational agriculture 
instructors would increase instruction in the biosciences given 
selected resources and inservice education, 

3. To determine the perceptions held by vocational agriculture 
instructors regarding teaching the biosciences, and 

4. To compare the various groups of respondents regarding their 
perceptions on selected bioscience competencies and 
demographic factors. 

Procedures 

This study began with a review of literature and development of a 
questionnaire. A list of 125 bioscience knowledge and skill areas was 
compiled utilizing the curriculum guide developed by the Iowa 
Technical Committee on Biotechnology (1987) which consisted of fifteen 
members representing various industries and areas of interest 
including agronomy, animal science, horticulture, veterinary medicine, 
vocational education, and the biotechnology industry. Six bioscience­
based areas were used in order to facilitate data collection: 
1. Plant science, 2. Genetics, 3. Animal science, 4. Soil science, 5. 
Microbiology, and 6. Food science. The compilation of the knowledge 
and skill statements was done utilizing the following criteria: 

1. Knowledge and skills directly contribute to the applied 

sciences. 
2. Knowledge and skills have a direct impact on student career 

opportuni ties. 
3. Knowledge and skills have a relationship to the seven 

occupational areas of the agricultural industry. 
4. Knowledge and skills reviewed and approved by a panel of 

experts. 
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The survey instrument utilized a Likert-type scale with points 
ranging from 1 to 5 as the method for obtaining the data. The scale was 
used to collect information regarding teacher attitudes and perceptions 
in the following areas: 

1. Extent to which this knowledge or skill area was important. 
2. Extent to which the teacher would expand instruction in this 

knowledge or skill area given needed materials and inservice 
education. 

Once the survey instrument was completed, it was pilot-tested by fifteen 
agriculture teachers in order to establish content validity. 

The study was national in scope. Vocational agriculture instructors 
from all fifty states were included in the population. The target 
population for the study was 10, 102 vocational agriculture instructors in 
the U.S.A. An adequate sample size for this study was determined to be 
five percent of the population (Seshan, 1979). A proportionate stratified 
random sampling method was adopted in order to select the sample. To 
ensure that the sample was representative of all groups, the population 
was stratified into six groups based on the six regions of the National 
Vocational Agriculture Teachers Association (NVATA). The sample 

size drawn was 505. 

The questionnaires were mailed to all vocational agricultural 

instructors. Two follow-ups letters were sent. This process generated 
237 responses with a response rate of forty-seven percent. A follow-up of 
non-respondents yielded no significant practical or statistical 
differences between the responses of those participating in the survey 
and those choosing not to participate. 

Analysis of Data 

In analysis of the data, the mean scores and standard deviations 

were computed for all the listed bioscience competencies to determine 
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the level of importance as perceived by agriculture . instructors and also 
to determine the degree to which these instructors would expand 
instruction in the selected bioscience competencies. A one-factor 
analysis of variance was computed in order to compare the six regions 
regarding the bioscience competencies that were perceived to be 
important and regarding the degree to which they would expand 
instruction in these competencies. A correlational analysis was 
conducted using Pearson product moment procedure. The Tukey 
method was used as a post-hoc analysis to identify where the differences 
among the regions existed. 

Results / Findings 

In analysis of the data, the researcher found various tendencies and 
trends which seemed to indicate a pattern of agreement or 
disagreement. Item analysis provided information regarding the 
infusion of specific student skills. Major categories or groups of data 
were identified and prioritized. The first major trend which established 

\ok 
itself was that of overall agreement among all teachers surveyed that ---infusing bioscience competencies into vocational agriculture is 
moderately ~highlY important. 

More specifically, soil science was defined by all teachers to be highly 
important. Animal science competencies were considered to be 
important. Plant science and genetics competencies were considered to 
be moderately important. Microbiology and food science knowledge and 
skills lagged behind, being termed of low importance. When asked for 
the degree of expansion which they would attempt in infusing the 
biosciences into the study of agriculture, instructors seemed in 
agreement that animal science and genetics knowledge and skills 
should be expanded significantly and this was followed by plant science. 
Microbiology received the lowest ranking for expansion of competencies. 



The respondents varied in their responses by region. The respondents 
in NV ATA region five consistently perceived that the bioscience 
competencies should be taught to a greater extent that the respondents 
in regions one and two. 

Overall, the respondents strongly agreed with the statement that 
additional instructional materials were required for infusing the 
biosciences into the curriculum. The teachers perceived that "learning 
the biosciences would help students to better understand agriculture." 
Age of instructors was positively related to the degree to which the 
biosciences should be infused into the curriculum. A correlation 
analysis between certain demographic factors and perception 
statements revealed both positive and negative results. It was found that 
as the instructors' age increased, their agreement also increased 
concerning the statement: "learning biosciences would help students to 
better understand agriculture." It was interesting to find that the 
perception statement "additional instructional materials are required 
for infusing the biosciences into the study of agriculture" was negatively 
correlated with the educational qualifications of the teachers. 

Im plica tions 

The instructors in general had developed a certain awareness 
concerning the infusion of biosciences. Further, the instructors' 
interest towards infusion of biosciences implies their desire in utilizing 
the opportunities. Instructors' "neutral" view on the factors such as role 
of bioscience in diversifying career opportunities for students and 
bioscience related supervised occupational experience programs, 

implies their unrealistic view of agricultural job prospects. It is clear 
that additional instructional materials are needed and the need is felt 
throughout the country. The instructors' perceptions were found to be 
contradictory in a few cases. For instance, though they agreed with the 
statement "learning fundamental principles of biology would help 
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would help students understand agriculture", the instructors didn't 
indicate that instruction should be expanded in competencies related to 
fundamentals such as cell biology etc. 

The instructors perceived a need to expand instruction in areas such 
as plant growth and development, technology for animal growth, soil 
problems and ground water quality, food products and processing. This 
perception could be attributed to the teachers' awareness of the growing 
areas of agricultural science and teachers enthusiasm may result in 
shaping a better image of vocational agriculture programs. On the 
other hand, when the instructors' ranked the following areas low: 
animal systems, cell biology, structure and function of microorganisms, 
and microbial process in food, it indicated their fear of the subject 
content, and the lack of laboratory facilities and materials. 

Conclusions 

The main conclusion from this study was that changes resulting 
from biotechnology in agriculture are here to stay. This thought was 
reflected in the instructors' comments. Most of the negative responses 
of the instructors were due to their fear of change, need for new subject 
content, lack of instructional materials, doubts regarding how far this 

. new effort would help to meet their students' needs, lack of funds, 
conflict with science departments, lack of encouragement from 

administrators, etc. Even in the midst of these concerns biotechnology 
was seen as the wave of the future. Infusing bioscience instruction into 
secondary agriculture programs is the first step towards riding that 
wave. It is clear that agriculture programs must face this new reform 
or advancement in the years to come will be halted. 
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Recommendations 

The following recommendations were made based on the findings of 
this study and the review of literature: 

1. A link should be established among biotechnology industries, 
agricultural educators, and teachers. This linkage would help 
develop job related skills for students of vocational agriculture. 
This effort would also result in getting funds for high school 
laboratory and equipment related to biotechnology. 

2. Instructional materials development should be focused on 
principles of biosciences and applications of biotechnology. 

3. Agricultural educators should be involved in designing a 
model instructional program focused on the biosciences in 
agriculture. 

4. Inservice training programs should be conducted for teachers 
to expand their agriscience knowledge and use of innovative 
approaches to teaching. 

5. School policies should be set which allows science credit to be 
granted to high quality agriculture courses. 

6. Teachers should explore science-related supervised 
occupational experience programs and FFA programs 
involving biotechnology industries thereby improving the 
image of the vocational agriculture program in the years to 

come. 

Recommendations for Further Study 

1. Studies should be conducted which focus on the level of student 
learning of the bioscience knowledge and skills by using 
different teaching methods. 
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2. A study should be conducted to identify specific science related 
supervised occupational experience programs suited to the 
local school environment. 

3. A study should be conducted to evaluate the perceived impact of 
biotechnology on agriculture in general and farming in 
particular. 

4. Research should be conducted to identify the ethical issues 
involved in biotechnology research and practice. 
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Table A-I. Means and standard deviations for the level of importance of 

competencies in plant science as perceived by vocational 

agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

List the ways plants are M 3.89 3.63 3.67 3.82 4.38 3.92 
classified SO 0.91 0.76 0.80 0.85 0.54- 0.87 

Draw the internal structure of M 3.28 3.11 3.35 3.40 3.83 3.29 
leaves SO 0.85 1.03 0.98 0.88 1.00 0.95 

Conduct experiment for M 3.92 3.40 4.11 3.82 4.02 3.74 
photosynthesis and respiration SO 0.90 0.90 0.59 0.89 1.08 1.05 

Explain the function of roots M 4.64 4.19 4.05 4.31 4.58 4.45 
SO 0.62 0.85 0.66 0.71 0.64 0.57 

Describe the internal structure M 4.00 3.55 3.76 3.71 4.27 3.88 
ofastem SO 1.01 0.84 0.85 0.82 0.65 0.84 

Identify various modifications of M 3.46 3.22 3.55 3.68 3.91 3.81 
a stem SO 0.88 0.98 1.07 1.18 0.87 0.87 

Describe the structure of a M 4.32 3.33 3.67 4.02 3.86 3.92 
flower 

SO 0.81 1.04 1.17 1.01 0.89 0.99 

Describe the functions of each M 4.28 3.23 3.82 3.68 3.75 3.81 
floral part SO 0.89 1.01 1.24 1.23 0.73 1.00 

Describe the process of M 4.53 3.97 4.11 4.31 4.16 4.48 
pollination and fertilization SO 0.57 0.87 1.20 0.90 0.84 0.89 

Identify the vegetative M 4.42 3.72 3.67 4.02 4.08 4.44 
propagation in plants SO 0.57 1.00 1.17 0.85 0.87 0.80 

Demonstrate budding and M 4.03 3.75 3.97 3.94 4.13 4.14 
grafting SO 0.92 1.02 1.11 1.08 0.76 1.02 
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Table A-I Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Explain the formation of fruits M 3.53 3.22 3.44 3.68 4.41 4.14 
SO 0.79 1.04 1.05 1.05 0.88 1.14 

Describe the formation of seeds M 3.96 3.47 3.61 3.94 4.11 4.03 
SO 0.88 1.08 1.28 1.11 0.95 0.80 

Conduct a germination M 4.32 3.88 3.85 4.00 4.22 4.18 
experiment to show the stages of SO 0.77 1.00 1.39 1.13 0.95 0.96 
germination of seeds 
Dissect a plant and name the M 3.35 3.44 3.94 3.71 3.77 3.70 
parts SO 1.19 1.10 1.15 1.27 1.07 1.03 

Identify important weeds of crop M 4.07 3.86 3.94 4.42 4.30 4.33 
plants SO 0.97 0.87 1.25 0.88 0.85 0.78 

Demonstrate the foliar M 3.57 3.30 3.88 4.08 4.30 4.29 
application of nutrients in plants SO 0.87 0.92 1.17 0.95 0.85 0.85 

Demonstrate the practice of M 3.14 3.44 3.70 4.00 4.22 4.22 
hydroponics SO 1.20 1.10 1.11 1.05 0.89 1.15 

Explain the stock selection in M 3.21 3.08 3.50 3.82 4.13 3.88 
plants SO 1.06 0.96 1.13 0.89 0.86 0.97 

Explain the importance of apical M 3.32 2.88 3.52 3.57 3.86 3.59 
meristem in growth SO 1.15 1.11 1.33 0.97 1.09 0.93 

Demonstrate the process of M 4.21 3.61 4.00 4.14 4.13 4.03 
uptake of water and nutrients by SO 0.97 0.87 1.32 0.81 0.99 1.12 
plants 

Describe how nitrogen fixation M 3.82 3.80 3.61 4.28 4.25 4.03 
takes place in leguminous crops SO 0.90 0.92 1.19 0.82 0.87 0.83 

Demonstrate the effect of growth M 3.50 3.44 3.67 4.02 4.25 3.81 
hormone on the rate of sprouting SO 0.96 0.90 1.19 0.82 0.87 0.83 



140 

Table A-I Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Record through observation the M 3.50 3.36 3.76 3.91 4.25 4.88 
development of a plant SO 1.07 1.04 1.25 0.91 0.93 1.15 

Explain the short night and long M 3.32 2.94 3.55 3.88 4.08 4.03 
night plants SO 1.15 1.04 1.26 0.90 0.96 1.09 

Identify some growth regulators M 3.71 3.22 3.79 3.68 4.16 4.07 
SO 0.89 0.92 1.22 1.05 0.91 1.17 

List the limiting factors of plant M 4.32 3.55 4.02 4.02 4.30 4.22 
growth SO 0.81 1.05 1.26 1.01 0.88 0.97 

Demonstrate the selective action M 4.10 3.80 4.14 4.31 4.36 4.32 
of herbicides SO 0.83 1.09 1.01 0.79 0.85 0.87 
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Table A-2. Means and standard deviations for the level of importance of 

competencies in genetics as perceived by vocational agriculture 

teachers in the U.S.A (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Distinguish between a plant cell M 3.77 3.52 3.80 3.82 4.36 3.85 
and an animal cell &> 0.93 0.91 0.83 1.04 0.89 0.92 

Take a cross-section of a plant M 3.74 3.38 3.68 3.91 4.11 4.03 
part and observe the cell through SO 0.90 0.93 0.83 1.06 0.82 0.89 
the microscope 

Draw a plant cell and an animal M 3.55 3.52 3.40 3.60 4.16 3.53 
cell &> 1.01 1.05 0.84 1.00 0.91 0.96 

Describe the function of DNA M 3.66 3.44 3.54 3.94 4.33 3.70 
SO 1.03 1.05 0.70 0.87 0.75 1.13 

Explain the process of gene M 3.48 3.30 3.68 3.77 4.13 3.70 
splicing SO 1.25 1.14 0.75 1.00 0.99 1.10 

Describe the process of tissue M 3.77 3.19 3.94 3.91 4.08 4.00 
culture &> 1.21 1.14 1.05 1.09 1.07 1.10 

List various plant breeding M 4.11 3.83 3.71 4.17 4.11 4.14 
technique SO 1.08 0.99 1.22 0.95 0.78 0.86 

Explain the advantages of crop M 3.81 3.61 3.68 4.25 4.19 4.00 
improvement &> 1.17 1.05 1.07 0.85 0.82 0.92 

Describe the cloning of genes M 3.51 3.33 3.80 4.03 4.02 3.88 
&> 1.22 1.26 1.20 1.07 1.00 0.97 

Describe how mutation takes M 3.22 3.41 3.60 3.48 4.05 3.74 
place in plants &> 1.18 1.05 1.28 1.05 0.89 0.98 

Explain the formation of M 3.18 2.97 3.58 3.60 3.97 3.44 
recombinant DNA SO 1.27 1.29 1.20 1.21 1.05 1.05 
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Table A-2. Continued 

Com petencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

State Mendel's law of M 3.14 3.27 3.40 3.82 3.91 3.63 
inheri tance SO 1.35 1.08 1.19 1.27 0.87 1.30 

Explain the process of gene M 3.51 3.19 3.22 3.54 3.75 3.63 
insert~on in to germ cell lines SO 1.12 1.16 1.16 1.24 0.96 1.07 

Describe the process of natural M 3.40 3.61 3.51 4.00 3.83 3.81 
selection of plants SO 1.15 1.00 1.17 1.02 0.69 1.07 

Enumerate the difference M 3.48 3.22 3.82 3.82 4.05 3.81 
between traditional plant SO 1.18 1.24 0.98 1.01 0.98 0.92 
breeding and gene splicing 

Describe the advantages of gene M 3.59 3.19 3.74 3.71 4.00 3.80 
splicing SO 1.15 1.32 1.03 1.10 1.09 1.01 

Explain the role of monoclonal M 3.07 2.88 2.82 4.34 3.77 3.40 
antibodies in pregnancy testing SO 1.23 1.32 1.03 1.10 1.09 1.01 

Explain the process of M 3.25 2.86 3.02 3.28 3.66 3.51 
trans genesis SO 1.25 1.31 1.15 1.26 0.95 1.15 

Describe the role of gene splicing M 3.07 3.13 3.45 3.68 3.80 3.44 
in the production of bovine and SO 1.26 1.29 1.14 1.25 1.09 1.18 
porcine somatotropin 

Distinguish between in-breeding M 3.51 4.05 3.91 4.20 4.22 3.40 
and out-breeding in animals SO 1.28 0.82 1.22 1.07 0.76 1.05 

List the methods of breeding in M 3.40 3.94 3.88 4.40 4.22 3.96 
swine SO 1.24 0.89 1.27 0.93 0.79 1.12 

List the criteria for selecting M 3.51 4.36 3.99 4.40 4.41 4.18 
breeding stock SO 1.19 0.85 1.31 0.94 0.60 1.07 

Explain the process of embryo M 3.96 4.19 4.17 4.37 4.27 4.44 
transfer SO 1.15 1.00 1.07 0.87 0.84 0.75 
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Tsble A-2 Continued 

Respondent groups 
Competencies 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Explain the principle of M 3.77 4.11 4.25 4.25 4.13 4.11 
developing disease and insect SO 1.03 0.97 1.01 0.88 0.89 1.01 
resistant crops 

Describe gene expression M 3.70 3.63 3.54 3.97 4.05 3.81 
SO 1.43 1.52 1.47 1.03 0.98 1.29 
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Table A-3. Means and standard deviations for the level of importance of 

competencies in animal science as perceived by vocational 

agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Identify classification of M 3.11 3.88 3.77 4.11 4.16 3.70 
livestock species SO 1.28 1.16 1.33 0.90 0.84 1.32 

Draw the digestive system of M 3.29 3.66 3.88 4.20 4.02 3.70 
ruminant and monogastric SO 1.23 1.12 1.30 0.99 1.00 1.26 
animals 

Calculate the balanced feed M 3.29 3.88 3.94 4.31 4.16 4.11 
ration SO 1.17 1.06 1.44 0.96 0.84 1.28 

Explain the role of bovine growth M 3.40 3.63 4.00 3.97 3.94 3.88 
hormone in milk production SO 1.15 0.99 1.26 0.95 0.98 1.01 

Describe the composition of meat M 3.40 3.58 3.82 3.88 4.05 3.92 
and milk SO 1.33 1.10 1.17 0.96 0.89 1.17 

Describe the reproductive system M 3.40 3.83 3.91 4.02 4.00 3.66 
of selected animals SO 1.15 1.05 1.29 1.04 0.98 1.20 

Demonstrate the procedure of M 3.74 4.02 4.00 4.22 4.28 4.14 
artificial insemination SO 1.02 1.02 1.16 0.84 0.99 1.06 

List the factors for the selection M 3.48 3.91 3.88 4.42 4.16 4.03 
of animal breeds SO 1.12 1.10 1.38 0.69 0.87 1.22 

Describe the symptoms of major M 3.70 4.00 3.77 4.28 4.19 4.22 
animal diseases SO 1.13 0.98 1.37 0.75 0.85 1.01 

Outline the procedures to control M 3.85 4.05 3.85 4.34 4.25 4.18 
animal diseases SO 1.16 1.04 1.19 0.72 0.80 1.07 

Explain the principle of M 3.59 4.00 3.82 4.28 4.16 4.14 
immunization in animals SO 1.16 1.04 1.20 0.78 0.81 1.09 

Demonstrate the use of vaccines M 3.63 4.05 3.71 4.31 4.13 4.11 
against major animal diseases SO 1.18 1.12 1.15 0.79 0.86 1.05 
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Table A-3. Continued 

Respondent groups 
Com petencies 

1 2 3 4 5 6 . n=38 n=50 n=39 n=43 n=41 n=26 
Describe the principle of sex M 3.44 3.50 3.45 3.82 4.00 3.81 
linkage in animal diseases SO 1.12 1.18 1.12 0.79 0.92 1.07 

Analyze the ingredients of M 3.18 3.36 3.51 3.65 3.94 3.74 
selected animal products SO 1.03 1.24 1.17 0.87 0.95 125 

Explain how cycling time can be M 3.33 3.61 3.57 3.85 4.11 3.88 
increased in animal production SO 1.03 1.15 1.09 0.91 0.88 1.18 

Explain the function of M 3.44 3.38 3.42 3.62 4.08 3.77 
endocrines in animals SO 1.03 1.15 1.09 0.91 0.88 1.18 

Explain the physiology of M 329 3.88 3.94 4.31 4.16 4.11 
lactation egg production in SO 1.17 1.06 1.45 0.96 0.84 128 
animals 
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Table A-4. Means and standard deviations for the level of importance of 

competencies in soil science as perceived by vocational 

agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Describe the nature and M 4.25 4.02 4.51 4.51 4.47 4.70 
properties of soil SO 0.94 0.87 0.77 0.61 0.87 0.54 

Analyze an on· site soil profile to M 4.07 3.72 428 4.48 4.69 4.48 
illustrate types of soil SO 1.03 0.81 0.75 0.61 0.62 0.64 

List the macro and micro M 4.40 4.02 4.34 4.40 4.41 4.74 
nutrients of soil SO 0.88 0.91 0.76 0.69 0.80 0.52 

Distinguish between soil texture M 4.37 3.88 4.42 4.48 4.55 4.66 
and structure SO 0.68 1.00 0.77 0.65 0.61 0.51 

Explain soil alkalinity, salinity M 3.70 3.52 420 4.60 4.66 4.59 
and acidity SO 1.35 1.15 0.71 0.60 0.77 0.57 

Demonstrate the methods of soil M 3.63 3.61 4.37 4.60 4.83 4.66 
conservation SO 1.33 1.02 0.73 0.55 0.44 0.55 

Explain soil compaction M 3.66 3.88 4.22 4.40 4.69 4.55 
SO 1.24 1.03 0.80 0.65 0.57 0.57 

Demonstrate how to take soil M 3.33 3.58 4.54 4.68 4.86 4.51 
samples and interpret soil test SO 1.38 1.05 0.77 0.58 0.42 0.75 
results 

Demonstrate Cation Exchange M 3.59 3.77 3.65 3.91 427 4.11 
Capacity of soil SO 1.18 0.95 0.76 0.85 0.77 0.93 

Measure electrical conductivity M 322 3.44 3.82 3.84 4.13 3.70 
and soil pH SO 1.12 1.05 0.77 0.86 0.93 1.17 

List the environmental factors M 3.03 3.36 4.45 4.65 4.77 4.59 
contributing to soil erosion SO 1.16 1.09 0.70 0.53 0.54 0.89 
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Table A-4. Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Explain soil erosion control M 3.66 3.80 4.45 4.57 4.83 4.51 
measures &> 1.35 1.00 0.74 0.55 0.44 0.93 

Distinguish between M 3.88 3.97 4.31 4.48 4.66 4.59 
conservation tillage and &> 1.36 1.02 0.75 0.70 0.79 0.74 
conventional tillage 

Explain the biological properties M 3.55 3.77 4.22 4.22 4.69 4.33 
of soil &> 1.12 . 1.01 0.77 0.70 0.71 0.87 

Demonstrate the methods of M 3.70 3.58 4.37 4.37 4.83 4.33 
maintaining water quality &> 1.29 0.99 0.69 0.73 0.51 1.00 

Describe the principles of M 4.00 3.91 3.62 4.00 4.38 4.00 
organic farming &> 1.14 1.05 0.80 0.92 0.83 0.91 

Describe the importance of soil M 3.11 3.25 4.20 4.48 4.63 4.51 
organic matter &> 1.15 1.02 0.90 0.65 0.54 0.80 

Describb the cycle of soil M 3.51 3.77 4.02 3.80 4.33 4.03 
ecosystem &> 1.15 1.07 0.70 0.83 0.95 0.94 

Describe soil formation M 3.59 3.33 4.17 4.11 4.38 4.07 
&> 1.11 0.94 0.85 0.83 0.87 0.82 

Describe soil water availability M 3.22 3.36 4.25 4.14 4.69 4.22 
&> 1.34 0.89 0.81 0.81 0.74 0.71 

Demonstrate water holding M 3.63 3.47 4.22 4.14 4.72 4.32 
capacity of soil &> 1.21 1.02 0.80 0.77 0.61 0.74 

Develop pH scale to plot acidity M 3.63 3.55 3.80 3.85 4.72 4.12 
and alkalinity &> 1.21 1.02 0.96 0.87 0.65 0.97 

Identify pH ranges for major M 3.22 3.30 4.05 4.32 4.86 4.60 
crops &> 1.18 0.92 0.96 0.73 0.54 0.64 
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Table A-5. Means and standard deviations for the level of importance of 

competencies in microbiology as perceived by vocational 

agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=5O n=39 n=43 n=41 n=26 

Demonstrate the operation of M 3.44 3.19 3.71 3.60 4.02 3.51 
compound microscope SO 1.18 1.03 0.82 0.91 0.87 0.84 

Describe the ways of classifying M 3.44 3.13 3.71 3.62 4.08 3.48 
microorganisms related to SO 1.08 1.07 0.86 0.73 0.84 0.80 
agricul ture 

Distinguish between fungi and M 3.59 3.36 3.88 3.68 4.08 3.63 
bacteria related to agriculture SO 0.97 1.04 0.79 0.86 0.87 0.79 

Draw the structure of algae M 2.74 2.77 3.02 3.20 3.80 3.07 
SO 1.13 0.98 0.82 0.86 1.03 1.00 

Draw the structure of selected M 2.85 2.75 3.08 3.12 3.75 3.07 
fungus in agriculture SO 1.19 1.02 0.98 0.94 0.99 1.10 

Explain reproduction in fungi M 2.92 2.83 3.11 3.22 3.86 3.37 
SO 1.14 1.10 0.83 0.97 0.99 0.96 

Draw the structure of yeast M 2.40 2.61 2.91 2.97 3.91 3.00 
SO 1.24 1.12 0.81 0.81 1.02 1.10 

Observe the structure and M 3.00 2.91 3.40 3.34 4.00 3.40 
composition of a bacteria under SO 1.27 1.13 1.11 0.99 1.01 1.01 
the microscope 

Identify the difference between M 3.14 2.91 3.02 3.22 3.97 3.55 
autotropic and heterotropic SO 1.06 1.10 1.01 0.87 0.97 1.01 
microbes 

Identify the symptoms of major M 3.74 3.58 3.97 3.94 4.38 4.41 
diseases of agronomic plants SO 0.90 1.02 0.98 0.80 0.80 0.89 

List beneficial microbes in M 3.70 3.58 3.91 3.81 4.19 3.85 
agricul ture SO 0.86 1.07 1.09 0.83 0.85 1.02 
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Table A-5 Continued 

Respondent groups 
Competencies 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Demonstrate culturing of micro- M 3.40 3.08 3.51 3.34 4.00 3.63 
organisms in the laboratory SO 0.93 1.07 1.04 0.96 0.89 0.92 

Identify nitrogen fixing M 3.74 3.69 3.91 4.00 4.33 4.14 
organisms and explain how they SO 0.90 1.11 0.95 0.92 . 0.75 0.94 
fix nitrogen 
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Table A-6. Means and standard deviations for the level of importance of 

competencies in food science as perceived by vocational 

agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Describe the importance of yeast M 3.34 3.45 3.51 3.80 3.63 2.95 
to man SO 1.13 1.15 1.35 1.06 1.06 0.96 

Explain the microbial process M 2.88 2.85 3.28 2.37 3.75 3.48 
that takes place during the SO 1.08 1.21 1.31 1.23 1.08 1.01 
preparation of bread 

List the fungi used in the M 3.07 2.71 3.60 3.54 3.88 3.59 
manufacture of cheese SO 1.23 1.20 1.33 1.17 0.97 0.97 

Identify the fungi that spoils M 3.18 3.05 3.34 3.60 4.00 3.59 
fruits and vegetables SO 1.17 1.23 1.23 1.09 1.04 1.01 

Explain the process of M 3.55 3.68 3.85 3.88 4.36 3.70 
conversion of feed into meat in SO 0.97 0.96 1.28 1.02 0.68 1.23 
hogs and cattle 

Describe the process of milk M 3.59 3.51 3.82 3.94 4.41 3.66 
formation in cattle SO 0.88 0.99 1.31 0.96 0.64 1.17 

Explain how microbial activity M 3.29 3.31 3.74 4.00 422 3.59 
in milk helps in the formation of SO 1.17 1.32 1.42 0.97 0.86 0.97 
milk products 

Describe pasteurization of milk M 3.44 3.45 3.82 3.91 422 3.85 
SO 1.18 0.98 1.20 0.91 0.79 1.02 

Identify various food M 3.00 3.48 3.68 3.57 4.00 3.39 
preservatives SO 1.45 1.13 1.26 1.04 1.00 1.64 

Describe the process of M 3.37 3.28 3.51 3.82 4.02 3.70 
fermentation SO 1.04 0.95 1.31 0.95 0.84 0.95 

Demonstrate the laboratory M 3.44 3.25 3.57 3.74 4.02 3.55 
preparation of vinegar SO 1.01 1.03 1.24 0.97 0.91 0.93 
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Table A-6. Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Describe how vinegar is used in M 2.66 2.74 3.14 3.02 3.75 3.40 
the manufacture of canned SJ 1.30 1.19 1.39 1.36 1.18 1.04 
beverages 

E~plain the concept of food chain M 2.74 2.77 3.14 3.20 3.69 3.25 
SJ 1.28 1.08 1.41 1.25 1.06 0.98 

Identify wholesale and retail M 3.30 3.74 3.85 3.88 4.36 3.40 
cuts of meat SJ 1.33 0.95 1.26 0.96 0.72 0.97 

Explain the processing of milk M 3.44 3.85 3.91 4.31 4.44 3.85 
and dairy products SJ 1.01 0.87 1.29 0.79 0.69 0.98 

Describe various methods of M 3.33 3.60 4.08 4.17 4.33 3.74 
processing fruits and vegetables SJ 1.00 0.91 1.24 0.89 0.82 0.98 

Explain the role of barley malt as M 3.25 3.48 3.74 4.00 4.22 3.59 
a flavor supplement in baking SJ 1.02 0.95 1.31 0.84 0.86 0.93 

Explain how nutritive value of M 2.85 2.74 3.45 3.31 3.83 3.22 
feed grains can be improved SJ 1.16 1.14 1.31 1.13 1.13 0.89 
through biotechnology 

Identify some artificial M 3.63 3.60 4.02 3.94 4.02 3.59 
sweeteners hat can be SJ 1.04 .1.19 1.09 1.03 0.91 1.04 
manufactured in the 
industry using biotechnology 
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APPENDIX B. REGION-WISE MEANS, AND STANDARD 
DEVIATIONS FOR THE DEGREE TO WHICH 
INSTRUCTION WOULD BE EXPANDED IN 
BIOSCIENCE COMPETENCIES AS PERCEIVED BY 
TEACHERS OFAGRICULTURE 
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Table B-1. Means and standard deviations for the degree to which 

instruction would be expanded in plant science competencies as 

perceived by vocational agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

List the ways plants are M 3.17 3.41 3.38 3.74 4.13 3.59 
classified &> 1.18 0.93 1.10 0.98 0.72 1.01 

Draw the internal structure of M 2.75 2.88 3.17 3.45 3.47 3.29 
leaves SO 1.07 1.26 1.14 1.17 0.91 1.06 

Conduct experiment for M 3.82 3.47 4.17 3.91 3.77 3.92 
photosynthesis and respiration SO 0.98 1.02 1.02 1.12 1.01 1.03 

Explain the function of roots M 3.71 3.82 3.91 4.28 4.30 4.07 
SO 1.27 0.97 1.02 0.92 0.82 1.07 

Describe the internal structure M 3.32 3.36 3.85 3.65 4.27 3.74 
ofa stem &> 1.21 0.83 0.82 0.90 0.65 0.85 

Identify various modifications of M 3.07 3.75 3.97 4.14 4.11 4.30 
a stem &> 1.05 0.99 0.93 0.75 0.91 0.779 

Describe the structure of a M 3.42 3.55 3.97 3.80 4.22 3.88 
flower SO 1.45 0.93 0.75 0.99 0.79 0.97 

Describe the function of each M 3.53 4.36 4.50 4.45 4.52 4.70 
floral part SO 1.45 0.68 0.61 0.65 0.73 0.40 

Describe the process of M 3.85 3.86 4.20 4.20 4.41 4.55 
pollination and fertilization &> 1.17 0.93 0.72 0.75 0.94 0.57 

Identify the modes of vegetative M 3.89 3.77 3.97 4.14 4.36 4.29 
propagation in plants &> 1.22 0.92 0.57 0.84 0.79 0.66 

Demonstrate budding and M 3.46 3.66 3.91 3.71 4.47 4.08 
grafting &> 1.34 0.79 0.79 0.82 0.68 1.05 
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Table B-1. Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Explain- the formation of fruits M 3.32 3.80 4.05 3.91 4.36 4.07 
SO 1.18 0.82 0.88 0.78 0.72 0.87 

Describe the formation of seeds M 3.39 4.13 4.29 4.31 4.61 4.48 
SO 1.19 0.72 0.83 0.67 0.72 0.64 

Conduct a germination M 3.67 3.66 4.00 3.62 4.11 3.70 
experiment to show the stages of SO 1.30 0.92 0.85 1.06 0.91 0.99 
germination of seeds 

Dissect a plant and name the M 2.85 4.19 4.41 4.60 4.86 4.59 
parts SO 1.50 0.99 0.98 0.80 0.62 0.77 

Identify important weeds of crop M 3.50 3.61 3.85 3.94 4.69 4.29 
plants SO 1.50 0.99 0.98 0.80 0.62 0.77 

Demonstrate the foliar M 3.42 3.38 3.94 3.62 4.41 4.14 
application of nutrients in plants SO 1.06 0.99 1.09 0.91 0.69 1.02 

Demonstrate the practice of M 3.14 3.30 3.70 3.68 4.38 4.14 
hydroponics SO 1.26 0.85 0.90 0.79 0.76 0.77 

Explain the stock selection in M 2.96 3.00 3.41 3.48 4.27 3.55 
plants SO 1.17 0.89 0.89 0.91 0.91 0.89 

Explain the importance of apical M 2.89 3.91 4.41 4.17 4.55 4.18 
meristem in growth SO 1.19 0.80 0.78 0.74 0.90 0.92 

Demonstrate the process of M 3.67 4.02 4.23 4.14 4.52 4.22 
uptake of water and nutrients by SO 1.30 0.87 0.92 0.94 0.65 0.80 
plants 

Describe how nitrogen fixation M 3.21 3.41 3.97 3.91 4.33 3.81 
takes place in leguminous crops SO 1.13 0.99 0.93 0.85 0.71 0.78 

Demonstrate the effect of growth M 3.39 3.75 3.79 3.91 4.30 3.81 
hormone on the rate of sprouting SO 1.06 0.87 1.03 0.78 0.62 1.03 
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Table B-l. Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Record through observation the M 3.32 3.25 3.64 .4.02 4.47 3.92 
development of a plant &> 1.02 0.93 0.91 0.66 0.65 0.99 

Explain the short night and long M 3.00 3.47 3.58 3.77 4.55 4.14 
night plants &> 1.30 0.84 0.74 0.84 0.80 0.86 

Identify some growth regulators M 3.39 3.86 4.32 4.25 4.80 4.29 
&> 1.25 0.89 0.84 0.70 0.57 0.91 

List the limiting factors of plant M 3.64 4.08 4.14 4.34 4.61 4.40 
growth &> 1.33 0.90 0.85 0.59 0.68 0.69 

Demonstrate the selective action M 3.53 4.00 4.34 4.42 4.44 3.98 
of herbicides &> 1.17 0.91 0.64 0.71 0.72 1.01 
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Table B-2. Means and standard deviations for the degree to which 

instruction would be expanded in genetics competencies as 

perceived by vocational agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Distinguish between a plant cell M 3.55 3.52 3.77 3.88 3.88 3.81 
and an animal cell SO 1.08 1.97 1.06 1.13 1.03 1.07 

Take a cross-section of a plant M 3.55 322 3.54 3.94 3.94 3.85 
part and observe the cell through SO 1.15 1.09 1.09 1.13 0.92 1.07 
the microscope 

Draw a plant cell and an animal M 3.44 3.13 3.34 3.71 4.02 3.33 
cell SO 1.15 1.14 1.05 122 0.94 1.10 

Describe the function of DNA M 3.59 3.30 3.54 4.00 4.16 3.33 
SO 1.11 1.14 1.12 1.05 0.87 1.10 

Explain the process of gene M 3.59 322 3.82 ·3.74 4.25 3.92 
splicing SO 1.33 1.07 0.77 0.85 0.99 0.99 

Describe the process of tissue M 4.11 3.72 3.91 4.17 4.44 4.22 
culture SO 1.01 0.97 0.91 0.70 0.73 0.75 

List various plant breeding M 4.18 3.83 3.91 4.37 4.38 4.18 
techniques SO 0.96 0.94 0.70 0.69 0.87 0.78 

Explain the advantages of crop M 3.55 3.25 3.65 3.80 4.25 4.14 
improvement SO 1.21 0.99 0.72 0.79 0.93 0.86 

Describe the cloning of genes M 3.70 3.47 3.62 3.65 4.25 3.92 
SO 1.13 1.02 0.64 0.72 0.80 0.87 

Describe how mutation takes M 322 3.02 3.37 3.48 4.25 3.48 
place in plants SO 1.21 1.05 0.80 1.01 0.90 1.12 
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Table B-2. Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Explain the formation of M 3.48 3.50 3.85 4.08 4.44 3.77 
recombinant DNA ED 1.18 1.08 0.81 0.88 0.77 1.12 

State Mendel's law of M 3.29 3.16 3.42 3.37 4.22 3.59 
inheritance ED 1.23 1.02 0.77 1.16 0.95 0.97 

Explain the process of gene M 3.96 3.61 3.82 4.11 4.36 4.37 
insertion into germ cell lines ED 0.85 0.96 0.78 0.79 0.72 0.79 

Describe the process of natural M 3.51 3.11 3.77 3.80 4.08 3.81 
selection of plants ED 1.12 1.09 0.73 0.75 0.90 0.92 

Enumerate the difference M 3.51 3.05 3.62 3.77 4.00 4.03 
between traditional breeding and ED 1.05 1.19 0.77 0.87 1.01 0.89 
gene splicing 

Describe the advantages of gene M 3.07 2.91 2.85 3.11 3.91 3.48 
splicing ED 1.23 1.05 0.94 1.23 0.99 1.05 

Explain the role of monoclonal M 3.11 2.83 3.05 3.28 4.00 3.44 
antibodies in pregnancy testing ED 1.28 1.10 0.93 1.07 1.04 1.15 

Explain the process of M 2.88 3.08 3.54 3.68 3.88 3.57 
trans genesis ED 1.25 1.20 1.06 1.05 1.14 1.05 

Describe the role of gene splicing M 4.11 4.27 4.05 4.25 4.66 4.29 
in the production of porcine ED 0.80 0.74 0.90 0.74 0.58 0.72 
somatotropin 

Distinguish between in-breeding M 3.66 4.05 3.97 4.34 4.50 3.96 
and out-breeding in animals ED 0.96 0.86 0.78 0.72 0.73 0.80 

List the methods of breeding in M 4.07 4.36 4.31 4.40 4.66 4.37 
swine ED 0.91 0.79 0.79 0.77 0.53 0.74 

List the criteria for selecting M 4.18 4.25 4.31 4.25 4.38 4.47 
breeding stock ED 0.73 0.87 0.75 0.81 0.72 0.74 
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Table B-2. Continued 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Explain the principle of M 3.88 3.80 3.60 3.94 4.19 3.88 
developing disease and insect S) 1.01 0.88 0.94 0.69 0.88 0.89 
resistant crops 

Describe gene expression M 3.80 3.73 3.64 4.25 4.05 3.91 
S) 1.04 1.03 1.24 0.50 0.95 1.02 
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Table B-3. Means and standard deviations for the degree to which 

instruction would be expanded in animal science competencies 

as perceived by vocational agriculture teachers in the U.S.A. 

(237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Identify classification of M 4.00 4.08 4.08 4.22 4.50 4.25 
livestock species SO 1.03 0.87 0.91 0.64 0.73 0.81 

Draw the digestive system of M 4.14 4.00 4.00 4.37 4.33 3.96 
ruminant and monogastric SO 0.90 0.98 1.00 0.80 0.92 1.01 
animals 

Calculate the balanced feed M 4.07 4.22 4.37 4.40 4.44 4.44 
ration SO 0.87 0.98 0.73 0.65 0.80 0.75 

Explain the role of bovine growth M 3.55 3.80 4.11 3.97 4.22 3.81 
hormone in milk production SO 1.05 0.92 0.86 0.74 0.89 0.96 

Describe the composition of meat M 3.37 3.72 3.80 3.94 4.36 3.96 
and milk SO 1.18 0.97 0.83 0.90 0.86 0.94 

Describe the reproductive system M 3.92 4.11 4.05 4.14 4.27 3.81 
of selected animals SO 0.87 0.78 0.93 0.94 0.88 1.01 

Demonstrate the procedure of M 3.77 4.19 3.94 4.22 4.47 4.25 
artificial insemination SO 1.10 0.92 0.76 0.69 0.87 0.76 

List the factors for the selection M 3.92 4.27 4.31 4.42 4.61 4.40 
of animal breeds SO 0.95 0.74 0.75 0.69 0.76 0.79 

Describe the symptoms of major M 3.96 4.22 4.05 4.37 4.55 4.40 
animal diseases SO 0.94 0.83 0.76 0.64 0.82 0.79 

Outline the procedures to control M 4.22 4.30 4.11 4.45 4.69 4.37 
animal diseases SO 0.93 0.85 0.75 0.61 0.66 0.79 

Explain the principle of M 4.00 4.08 4.02 4.28 4.61 4.33 
immunization in animals SO 0.92 1.02 0.70 0.71 0.72 0.78 

Demonstrate the use of vaccines M 3.81 4.19 3.88 4.22 4.61 4.25 
against major animal diseases SO 1.00 0.82 0.71 0.73 0.72 0.76 
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Table B-3. Continued 

Means and standard deviations for the degree to which 

instruction would be expanded in animal science competencies 

as perceived by vocational agriculture teachers in the U.S.A. 

(237) 

Com petencies 

Describe the principle of sex M 
linkage in animal diseases SO 

Analyze the ingredients of M 
selected animal products SO 

Explain how cycling time can be M 
increased in animal production SO 

Explain the function of M 
endocrines in animals SO 

Explain the physiology of M 
lactation, egg production in SO 
animals 

1 
n=38 
3.70 
0.91 

329 
1.06 

3.51 
0.89 

3.33 
0.73 

4.07 
0.87 

Respondent groups 

2 3 4 
n=50 n=39 n=43 
3.47 3.62 3.85 
0.94 0.59 0.69 

3.38 3.60 3.68 
0.99 0.69 ·0.79 

3.75 3.85 3.94 
1.02 0.73 0.68 

3.66 3.62 3.80 
0.98 0.73 0.90 

422 4.37 4.40 
0.78 0.73 0.65 

5 6 
n=41 n=26 
4.41 3.81 
0.84 0.83 

4.41 3.81 
0.87 0.91 

4.58 3.92 
0.77 0.78 

4.52 3.70 
0.77 0.95 

4.44 4.44 
0.80 0.75 
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Table B-4. Means and standard deviations for the degree to which 

instruction would be expanded in soil science competencies as 

perceived by vocational agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Describe the nature and M 3.74 3.61 3.94 4.42 4.16 4.14 
properties of soil SO 1.34 1.02 1.47 0.77 0.97 0.98 

Analyze an on-site soil profile to M 3.63 3.55 4.08 4.34 4.38 4.00 
illustrate types of soil SO 1.36 0.96 1.35 0.83 0.80 1.03 

List the macro and micro M 3.59 3.50 3.82 4.22 4.08 4.00 
nutrients of soil SO 1.36 1.08 1.40 1.00 0.90 1.07 

Distinguish between soil texture M 3.70 3.52 3.91 4.17 4.38 3.92 
and structure SO 1.35 1.15 1.44 1.07 0.80 1.01 

Explain soil alkalinity, salinity M 3.63 3.61 3.85 4.37 4.30 3.92 
and acidity SO 1.33 1.02 1.43 0.84 0.85 0.99 

Demonstrate the methods of soil M 3.66 3.88 3.97 4.48 4.50 4.00 
conservation SO 1.24 1.03 1.38 0.81 0.70 1.03 

Explain soil compaction M 3.33 3.58 3.74 4.20 4.33 3.88 
SO 1.38 1.05 1.42 1.02 0.79 1.08 

Demonstrate how to take soil M 3.59 3.77 4.02 4.68 4.52 4.00 
samples and interpret soil test SO 1.18 0.95 1.40 0.63 0.73 1.07 
results 

Demonstrate Cation Exchange M 3.22 3.44 3.65 3.91 3.94 3.55 
Capacity of soil SO 1.12 1.05 1.34 1.06 0.79 1.15 

Measure electrical conductivity M 3.03 3.36 3.82 3.63 3.86 3.77 
and soil pH SO 1.06 1.09 1.31 1.11 0.96 1.08 

List the environmental factors M 3.66 3.80 3.97 4.45 4.41 4.00 
contributing to soil erosion SO 1.35 1.00 1.31 1.01 0.77 1.00 

Explain soil erosion control M 3.88 3.97 3.38 4.54 4.50 3.96 
measures SO 1.36 1.02 1.47 0.81 0.69 1.19 
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Table B-4. Continued 

Competencies ~spondentgroups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Distinguish between M 3.55 3.77 3.82 4.40 4.36 3.96 
conservation tillage and SO 1.12 1.01 1.40 1.06 0.86 1.19 
conventional tillage 

Explain the biological properties M 3.70 3.58 3.85 4.02 4.27 3.63 
of soil SO 1.29 0.99 1.30 0.98 0.91 1.18 

Demonstrate the methods of M 4.00 3.91 4.05 4.37 4.47 4.00 
maintaining water quality SO 1.14 1.05 1.02 0.94 0.69 1.27 

Describe the principles of M 3.11 3.25 3.57 3.94 4.41 3.66 
organic farming SO 1.15 1.02 1.22 1.25 0.95 1.20 

Describe the importance of soil M 3.51 3.77 3.77 4.31 4.33 4.07 
organic matter SO 1.15 1.07 1.28 0.93 0.86 1.26 

Describe the cycle of soil M 3.59 3.33 3.62 3.65 4.08 3.81 
ecosystem SO 1.18 0.95 1.21 1.18 0.93 1.21 

Describe soil formation M 3.22 3.36 3.74 3.97 4.11 3.63 
SO 1.34 0.89 1.33 1.20 0.91 1.27 

Describe soil water availability M 3.63 3.47 3.71 4.05 4.25 3.92 
SO 1.21 1.02 1.40 1.18 0.93 0.99 

Demonstrate water holding M 3.63 3.55 3.74 4.05 4.27 3.84 
capacity of soil SO 1.21 1.02 1.44 0.96 0.84 1.06 

Develop pH scale to plot acidity M 3.22 3.30 3.60 4.02 4.19 3.80 
and alkalinity SO 1.18 0.92 1.47 1.04 0.88 1.19 

Identify pH ranges for major M 3.22 3.47 3.39 4.02 4.25 3.06 
crops SO 1.36 1.03 1.27 0.97 0.98 1.35 
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Table B-5. Means and standard deviations for the degree to which 

instruction would be expanded in microbiology competencies as 

perceived by vocational agriculture teachers in the U.S.A. (237) 

Competencies Respondent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Demonstrate the operation of M 3.59 3.02 3.88 3.68 3.77 3.55 
compound microscope SO 1.24 1.20 1.18 1.10 0.92 1.05 

Describe the ways of classifying M 3.59 3.11 3.68 3.45 3.75 3.50 
microorganisms related to SO 1.08 1.21 1.18 1.09 0.84 0.97 
agriculture 

Distinguish between fungi and M 3.70 3.05 3.85 3.68 3.80 3.59 
bacteria related to agriculture SO 0.95 1.09 1.14 1.01 0.82 0.93 

Draw the structure of algae M 2.88 2.58 3.17 3.22 3.55 3.11 
SO 1.18 1.10 1.15 1.06 1.05 1.25 

Draw the structure of selected M 2.88 2.61 2.94 3.11 3.50 3.11 
fungus in agriculture SO 1.21 1.12 0.99 1.15 1.05 1.18 

Explain reproduction in fungi M 2.77 2.61 3.02 3.20 3.58 3.37 
SO 1.12 1.12 1.04 1.32 0.96 1.11 

Draw the structure of yeast M 2.40 2.47 2.91 2.97 3.63 3.18 
SO 1.21 1.10 1.09 1.20 1.07 1.11 

Observe the structure and M 3.00 2.69 3.54 3.34 3.69 3.44 
composition of a bacteria under SO 1.14 1.26 1.44 1.21 1.03 1.12 
the microscope 

Identify the difference between M 3.25 2.61 3.28 3.25 2.66 3.59 
autotropic and heterotropic SO 1.13 1.07 1.46 1.17 1.04 1.15 
microbes 

Identify the symptoms of major M 3.70 3.38 3.82 3.91 4.19 4.07 
diseases of agronomic plants SO 0.91 1.27 1.13 0.98 0.78 1.03 

List beneficial microbes in M 3.66 3.27 3.82 3.68 4.00 4.03 
agriculture SO 0.87 1.18 1.27 1.15 0.86 1.09 

Demonstrate culturing of micro- M 3.40 2.86 3.44 3.25 3.77 3.54 
organisms in the laboratory SO 1.08 1.24 1.35 1.22 0.95 1.12 



Table B-5. Continued 

Competencies 

Identify nitrogen fixing M 
organisms and explain how they SO 
fix nitrogen 

164 

1 
n=38 

3.63 
0.92 

Respondent groups 

2 3 4 5 6 
n=50 n=39 n=43 n=41 n=26 

3.44 3.82 3.94 4.27 4.00 
1.20 1.31 1.03 0.77 1.07 
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Table B-6. Means and standard deviations for the degree to which 

instruction would be expanded in food science competencies as 

perceived by vocational agriculture teachers in the U.S.A. (237) 

Com petencies Responoent groups 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Describe the importance of yeast M 3.29 3.25 3.22 3.40 3.97 3.70 
to man to agriculture products SO 0.82 0.91 0.91 0.81 0.97 0.82 
enhancement 

Explain the microbial process M 2.96 3.11 3.05 3.31 3.88 3.51 
that takes place during the SO 1.05 0.96 0.83 0.99 0.95 0.89 
preparation of bread 

List the fungi used in the M 3.91 3.00 3.68 3.45 4.22 3.55 
manufacture of cheese SO 1.15 1.13 0.99 0.98 0.98 0.89 

Identify the fungi that spoils M 3.29 3.25 3.42 3.57 4.25 3.63 
fruits and vegetables SO 1.10 1.27 0.73 0.94 0.99 0.79 

Explain the process of M 3.66 3.97 3.94 3.91 4.52 4.07 
conversion of feed into meat in SO 0.87 0.98 0.80 0.74 0.65 1.03 
hogs and cattle 
Describe the process of milk M 3.55 3.88 4.05 4.02 4.41 4.03 
formation in cattle SO 0.93 0.93 0.87 0.74 0.73 0.98 

Explain how microbial activity M 3.29 3.54 3.88 3.80 4.36 3.81 
in milk helps in the formation of SO 1.17 0.95 0.86 0.83 0.76 0.68 
milk products 

Describe pasteurization of milk M 3.63 3.54 3.94 4.14 4.30 4.07 
SO 1.11 0.95 0.90 0.81 0.74 0.67 

Identify various food M 3.25 3.42 3.86 3.88 4.16 3.92 
preservatives SO 0.98 0.94 0.99 0.83 0.84 0.67 

Describe the process of M 3.44 4.31 3.65 3.80 4.19 3.77 
fermentation SO 0.93 0.53 0.99 0.71 0.74 0.69 

Demonstrate the laboratory M 2.85 2.74 3.02 3.08 3.88 3.37 
preparation of vinegar SO 1.32 1.06 1.06 1.19 1.09 0.92 
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Table B-6. Continued 

Respondent groups 
Competencies 

1 2 3 4 5 6 
n=38 n=50 n=39 n=43 n=41 n=26 

Explain the concept of food chain M 3.59 3.97 4.11 4.17 4.41 3.74 
SO 1.15 0.74 0.79 0.78 0.64 0.85 

Identify wholesale and retail M 3.81 4.14 4.25 4.37 4.47 4.41 
cuts of meat SO 0.83 0.84 0.85 0.73 0.84 0.75 

Explain the processing of milk M 3.51 4.10 4.17 4.18 4.33 3.96 
and dairy products SO 0.97 0.83 0.95 0.78 0.79 0.85 

Describe the various methods of M 3.40 3.77 3.88 3.97 4.27 3.81 
processing fruits and vegetables SO 1.01 0.87 0.90 0.61 0.84 0.62 

Explain the role of barley malt as M 2.88 3.02 3.45 3.25 3.88 3.33 
a flavor supplement in baking SO 1.12 0.98 0.98 0.88 1.06 0.73 

Explain how nutritive value of M 3.55 3.74 3.91 3.85 4.16 3.63 
foodand feed grains can be SO 1.01 1.14 1.01 0.87 0.84 0.83 
improved through biotechnology 

Identify some artificial M 4.00 3.81 3.68 3.57 4.62 4.29 
sweeteners hat can be SO 0.70 0.96 1.10 0.91 1.01 0.86 
manufactured in the industry 
using biotechnology 
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APPENDIX C. SURVEY 
Cover Letter 
Questionnaire 
Follow-up letter 
Follow-up Postcard. 

PAGE 
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169 
175 
176 
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1·8·8·8 

~nculrure & Homt! Economics 

EXPERIMENT SIATION 
I>q>artmnu of Allriculrurai Educallon 

201 Curtlso Hall 

Dear Vo. Ag. Instructor: 

Amt'5. Iowa SOOll 
515·294·S872 

The need for infusion of biosciences into vocational 
agriculture is becoming a critical issue of discussion in 
agricultural education in the U.S.A. Applied agricultural 
sciences provide the framework for job opportunities. 
However. there is very little information about what is 
being taught and what more should be taught related to the 
biosciences of agriculture. Any amount of research in this 
area without your involvement would be a waste. Hence it 
was decided to conduct this survey to study the role of 
biosciences in agriculture as perceived by the vocational 
agriculture teachers in the U.S.A. 

We are collecting information from vocational agriculture 
teachers around the nation. We hope that you will assist us 
in identifying the important bioscience knowledge and skills 
and the degree to which instruction in these areas can and 
should be expanded. Your response to this questionnaire is 
essential for developing instructional materials in the 
agriculture biosciences that will help students in acquiring 
occupations in the diverse agriculture industry of the 
present and future. 

Your responses will be held in strict confidence and used 
for statistical purposes only. The code number assigned to 
the questionnalres will be used only to identify those who 
have not responded to the questionnaire so that we may 
contact them to encourage return of the questionnaire. 
Please be informed that you are free to withdraw your 
participation at any time during the project activity. We 
are interested in group data only. All instruments will be 
destroyed after the data is collected. We would appreciate 
your help in this study. We feel the information could 
assist us to develop the instructional materials teachers 
need to teach vocational agriculture in the coming decade 
and beyond. . 

Thank you for your assistance. 

CO· ....... ?"'.lv. 

R~rt A. Martin 
Associate Professor -

\ 

v. Ra jaselCarall 
Research Assistant 
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IOWA· STATE· UNIVERSITY 
Agriculrure & Home Economics 

EXPERIMENf SOO10N 
Department of Agricultural Education 

201 Curtiss Hall 
Ames, Iowa 50011 

515-294-5872 

To: Bioscience in Vo. Ag. 
Survey Participant 

From: Robert A. Martin 

A few weeks ago you were sent a questionnaire regarding the 
teaching of the biosciences in vocational agriculture. Many 
people have returned their questionnaires and we sincerely 
appreciate that. However, there are some who have not yet 
returned the survey questionnaire as of this date. We know this 
is a busy time for you, but we would appreciate your response to 
the survey. For the study to be successful we need your input. 

If you have already returned the questionnaire, please disregard 
this memo. If you have not returned the questionnaire, may we 
please hear from you in the near future? 

Thanks for your assistance. 

bjo 
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Have you mailed your questionnaire related to "Infusion of Biosciences into Vocational 
Agriculture" that will help students In acqUIring skills and knowledge In the diverse agricultural 
industry? 

Because your response is very essential to continue the study. would you please complete the 
questionnaire Within the next three days and mail it to us? 

Thank you very much. 

Sincerely. 

Robert A Martin 
Associate Professor 
515·294-0896 

Dr. Robert A. Martin, 
Associate Professor 
217 B Curtiss Hall 
Department of Agricultural Education 
Iowa State University 
Ames, Iowa 50011 

To: 

B. Rajasekaran 
Research Assistant 
515·294-0901 


