





CHAPTER 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
instructors,

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 NVATA
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
NVATA 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 NVATA 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
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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
- teaching 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 @
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

@ 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

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
students in solving problems in the real
world

Learning about the biosciences would help 4.12 0.77 1.31
_—students 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

agriculture

I am interested in relating bioscience 431 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
required for infusing the biosciences into 455 0.77 0.21
the study of agriculture



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 410 0.82 1.94
Vdependency on environmentally
undesirable chemicals

With biotechnology, plant breeders will be 4.18 0.75 191
able to get desired results with greater
speed and precision

Biotechnology will be useful for improving 4.42 0.70  2.51*
.~ disease and insect resistant plant varieties

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 degr_ees 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 (.681a 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 0434

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.
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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
agriculture.

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 437 0.67
Describe the pollination and fertilization 4.26 0.98
Demonstrate the selective action of herbicides 417 0.90
Identify important weeds of crop plants 415 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 3.717 1.05
the rate of vegetatively propagated plants

Record through observation the development 3.77 1.02
of a 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 3.58 097
Explain the stock selection in plants 345 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

1=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 328 311 335 340 383 329 337 1.72
1=7

Physiology 396 347 361 302 381 323 352 2.89**

- 1=9

Classification 346 265 345 286 368 349 3.27 1.96
1=3

Growth & 314 38 442 314 313 3.03 345 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



61

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 423 0.95
cell

List the criteria for selecting breeding 411 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 348 1.10
State the Mendel’s law of inheritance 3.47 112
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 3.09 115

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 291 1.12



Table 7 Continued

Competencies Mean S.D.
Discuss the process of tissue culture 2.87 1.26
Explain the process gene insertion into germ cell 2.63 1.20
lines

Explain the formation of recombinant DNA 261 1.18
Explain the process of transgenesis 254 1.17
Grand mean 3.02

1= Not important
5= Very highly important

for competencies concerned with plant breeding. In summary, the
grand mean for all the NVATA regions for the area of genetics 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 the 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 359 313 334 298 402 306 335 1.89
i=4

Plant 418 383 391 402 431 2.78 3.83 3.02%*
breeding 4
1=9

Biotechnology 3.11 283 305 328 400 344 328 2.75**
i=12

** P-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 3.81 115
Outline the procedures to control animal 3.80 1.06
diseases '
Describe the composition of meat and milk 3.79 115
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



Table 9. Continued

Competencies Mean S.D.
Explain the function of endocrines in 3.06 1.14
animals

Draw the digestive system of ruminant 299 1.11
animals

Explain the role of bovine growth hormone 2.74 1.16
in milk production

Explain the physiology of lactation and egg 2.69 0.96
production in animals

Grand mean 341

1= Not important
5= Very highly important

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

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

Animal 329 366 388 320 402 370 362 3.4T**
systems
n=4

Diseases & 3.70 400 377 428 419 422 4.03 1.62
control
i=4

Feeds & 329 388 394 431 416 411 395 1.03
Feeding
i=2

Animal 318 336 351 345 394 3.74 353 0.98
products
i=3

Technology 374 391 388 442 416 4.03 3.03 6.21*+*
i=4

** 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
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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 441 0.75
soil

Demonstrate the methods of soil 4.39 0.71
conservation

List the macro and micro nutrients 438 0.76
of soil

Distinguish between conventional tillage 431 0.89
and conservation tillage

Explain soil erosion control measures 4.30 0.83
Analyze an on-site soil profile to illustrate 428 0.74
types of soil

Distinguish between soil texture and 4.28 0.77
structure

Determine soil water availability 425 0.81
Explain soil compaction 423 081
Explain soil alkalinity, salinity and 421 0.85
acidity

Demonstrate the methods of maintaining 4.29 0.86
water quality

List the environmental factors contributing 414 0.81

to soil erosion

Explain the biological properties of soil 413 0.86
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Table 11. Continued

Competencies Mean S.D.
Demonstrate water holding capacity of 4.08 0.85
soil

Describe the importance of soil organic 4.03 0.84
matter

Describe the principle of organic farming 3.99 0.94
Demonstrate how to take soil sample and 3.98 0.89
interpret soil test results -

Describe soil formation 3.94 0.82
Develop pH scale to plot acidity and 3.93 0.90
alkalinity

Describe the cycle of soil ecosystem 391 0.90
Demonstrate cation exchange capacity of 3.88 0.90
soil

Measure electrical conductivity of soil 3.84 0.97
Grand mean 4.14

1= Not important
5= Very highly important
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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 & 425 402 451 447 470 441 439 1.08
properties
=9

Soil nutrients 4.40 4.09 4.34 440 417 472 435 0.88
i=4

Problem soils 3.63 361 437 460 483 4.66 428 7.05%*
i=6

Soil water 370 358 483 437 431 433 418 178
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)

Compétencies Mean S.D.
Identify nitrogen fixing organisms and explain 3.86 0.93
how they fix nitrogen

Identify the symptoms of major diseases of 38 . 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 347 0.94
microscope and its relationship to agricultural

science

Describe the ways of classifying microorganisms 345 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 autotropic and 3.20 0.98
heterotropic microbes

Explain reproduction fungi 3.11 0.98
Draw the structure of algae 296 0.94
Draw the structure of a selected fungus in 2.87 1.26

agriculture



Table 13. Continued

Competencies Mean S.D.
Draw the structure of yeast 2.79 1.76
Grand mean 2.87

1= Not important
5= Very highly important

- 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 329 3.11 384 267 302 289 3.13 1.92
of microbes
i=3

Structure of 274 277 284 320 318 325 299 3.72%*
microbes
i=6

Role of 370 358 291 281 319 385 334 1.72
microbes
i=3

Culturing 240 261 291 297 391 3.00 296 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 3.17 101
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 3.66 111
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 3.59 111
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 Mean S.D.
Explain the process of conversion of 3.29 1.14
feed in hogs and cattle

Explain how nutritive value of food in 3.13 0.93
feed grains can be improved

Identify artificial sweeteners that can be 2.94 1.17
manufactured in their industry using

biotechnology

Explain the microbial activity in milk and 291 1.24
how it helps in the formation of milk products

Explain the microbial process that takes place 2.86 1.17
during the preparation of bread

Grand mean 3.58

1= Not important
5= Very highly important
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Table 16. Means and F-values for the 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 3.18 305 334 360 401 359 346 3.97**
i=4

Food 344 385 361 431 444 385 396 2.39*
preservatives .
i=5

Food 34 325 337 377 302 355 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 of freedom 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 role 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 414 0.70
Demonstrate the selective action of herbicides 411 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 398 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 fruitg ‘ 391 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
of a 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 421

1= Not important
5= Very highly important




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 332 336 385 365 427 374 3.69 1.67
1=7 '

Physiology 371 383 391 428 430 4.07 401 1.72
i=9
Classification 3.17 338 3.74 4.13 359 4.13 369 0.89
1=3

Growth & 285 419 441 460 486 4.59 4.25 3.25%*
Development
=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 the 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 411 1.12
Describe the process of tissue culture 4.09 0.99
Distinguish between in-breeding énd 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 343 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 411

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 325 332 311 365 444 326 350 6.39**
i=4

Plant 340 394 388 440 441 422 404 1.97
breeding
1=9

Biotechnology 351 436 443 368 463 386 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



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 432 1.26
breeds

Calculate balanced feed ration 432 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 3.92 091
Explain how cycling time can be increased in 3.86 111
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 Mean S.D.
Explain the function of endocrines in animals 3.67 1.09
Analyze the ingredients of selected animal 344 0.96
products

Explain the physiology of lactation, egg 2.89 1.10
production in animals

Describe the composition of meat and milk 2.87 1.03
Describe the principles of sex linkage in 248 1.06
animals

Grand mean 4.32

1= Not important
5= Very highly important

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 345 400 412 386 433 398 3.96 2.17*
systems
i=4

Diseases & 422 430 411 445 469 437 436 1.89
control
i=4

Feeds & 407 422 431 440 444 387 422 1.23
Feeding
i=2

Animal 329 338 360 368 441 381 369 1.57
products
i=3

Technology 392 427 431 442 461 440 432 0.89
i=4

* TF.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




87

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 467 107
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 3.89 097

Explain soil compaction 3.85 1.10



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 & 474 361 314 442 416 4.14 403 2.25*
properties
=9

Soil nutrients 359 350 3.82 4.22 4.08 400 3.86 177
i=4

Problem soils 3.63 361 385 437 430 392 395 1.22
i=6

Soil water 400 391 405 442 439 4.02 413 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 351 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 3.02 111
Draw the structure of algae 2.92 1.01

Draw the structure of selected fungus 2.67 0.86



Table 25. Continued
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Competencies Mean S.D.
Draw the structure of yeast 2.80 1.13
Grand mean 3.16

1= Not important
5= Very highly important




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 3.07 305 380 368 379 358 349 1.31
of microbes
i=3

Structure of 2.88 258 317 322 355 3.11 3.08 3.17**
microbes
i=6

Role of 366 327 382 368 387 403 3.72 1.89
microbes '
1=3

Culturing 340 286 244 325 321 354 312 0.87
microbes :
i=1

** 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




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 Mean S.D.
Describe the process of fermentation 447 0.66
Identify wholesale and retail cuts of meat 424 0.86
Identify some artificial sweeteners that 412 0.92
can be manufactured in the industry using
biotechnology
Explain the processing of milk and dairy 404 0.80
products
Describe the various methods of processing 4.01 0.80
of fruits and vegetables ,
Describe the process of milk formation in 3.99 0.86
cattle
Explain the concept of food chain 3.99 0.82
Explain the process of conversion of feed 3.98 0.84
into meat in hogs and cattle
Describe pasteurization of milk 3.93 0.77
Explain how nutritive value of food can 3.80 0.95

be improved

Explain the microbial activity in milk and 3.78 0.87
how it help in the formation of milk products

Describe how vinegar is used in the manufacture 3.63 0.87
of canned vegetables



Table 27. Continued

Competencies Mean S.D.
Explain the role of barley and malt as a flavor 3.30 0.93
supplement in baking

Grand mean 3.76

1= Not important
5= Very highly important

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 the 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 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 329 325 342 357 425 3.63 356 2.23*
i=4

Food 325 342 386 388 416 392 3.74 2.10*
preservatives
i=5

Food 351 410 417 412 433 396 403 4.03**
processing
i=10

*  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” (4.12) was the order of priorities perceived by the
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vocational agriculture instructors regarding expansion 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 1

L

2.

4.

I would like to know the results of this survey. Late springis a
bad time for a teachers' survey. Winter would be better.

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.

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

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

Region 1II

5.

10.

Biotechnology is in my opinion, the feeding and clothing our
world with a reduction in chemical dependence.

Agriculture is and always has been bioscience.

If too much bioscience is incorporated into high school, students
aren't going to be able to experience all areas of agriculture.
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.

Iam interested in the results of this survey.

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 II1

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-1V

17. 1 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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20.
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The incorporation of bioscience would be a good for a select few
but the majority of my students couldn't handle the material.
This sounds good. Get us the text book on “Bioscience.”

Region V

21.
22,

The survey is too long.

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.

Many of the questions asked are “taken care of” by the science
department of our school.

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

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

26.

27.

“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.

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

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

Only few of the high school students I teach are capable of much
of the work you outlined above (6% -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 ag. 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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. 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.

. 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.

. 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.

. 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.

. 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.

. 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 \}alidity
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,
ete.

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

i 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 Vold (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 perceived 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 FFA 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 FFA was also
encouraged by state actionAplans 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 agriéulture 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, “itis very difficult to develop
an understanding about how microorganisms are cultured in large
scale for specific uses unless the students clearly understand the
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.

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.

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

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

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

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

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 RECOMMENDATIONS
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
corn 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
opportunities.

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
itself was that of overall“’ggr‘eement among all teachers surveyed that
infusing bioscience comﬁ&encies into vocational agriculture is

moderately tou'highlz 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.
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The respondents varied in their responses by region. The respondents
in NVATA 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.

Implications

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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A study should be conducted to identify specific science related
supervised occupational experience programs suited to the
local school environment.

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

Research should be conducted to identify the ethical issues
involved in biotechnology research and practice.
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Table A-1. 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 389 363 367 382 438 392
classified SD 091 076 080 085 054- 0.87
Draw the internal structure of @M 328 311 335 340 383 329
leaves SD 08 103 098 088 100 095
Conduct experiment for M 392 340 411 382 402 374
photosynthesis and respiration SD 090 090 059 089 108 1.05
Explain the function of roots M 464 419 405 431 458 445

SD 062 085 066 071 064 057
Describe the internal structure M 400 355 376 371 427 388
of a stem ' SD 101 084 085 082 065 084
Identify various modifications of M 346 322 355 368 391 381
a stem SD 088 098 107 118 087 087
Describe the structure of a M 432 333 367 402 38 392
flower

SO 081 104 117 101 089 0.99
Describe the functions of each M 428 323 382 368 375 381
floral part SD 089 101 124 123 073 1.00
Describe the process of M 453 397 411 431 416 448
pollination and fertilization SO 057 087 120 090 084 0.9
Identify the vegetative M 442 372 367 402 408 44
propagation in plants SD 057 100 117 085 087 0.80
Demonstrate budding and M 403 375 397 394 413 414
grafting SD 092 102 111 108 076 1.02



Table A-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 353 322 344 368 441 414

SD 079 104 105 105 088 114
Describe the formation of seeds M 396 347 361 394 411 4.03

SO 088 108 128 111 095 0.80
Conduct a germination M 432 388 38 400 422 418
experiment to show the stages of SD 077 100 139 113 095 0.96
germination of seeds
Dissect a plant and name the M 335 344 394 371 377 370
parts SD 119 110 115 127 107 1.03
Identify important weeds of crop M 407 386 394 442 430 433
plants SO 097 087 125 088 085 0.78
Demonstrate the foliar M 357 330 388 408 430 429
application of nutrients in plants SD 087 092 117 095 085 085
Demonstrate the practice of M 314 344 370 400 422 422
hydroponics SD 120 110 111 105 089 115
Explain the stock selection in M 321 308 350 382 413 388
plants SD 106 096 113 083 086 097
Explain the importance of apical M 332 288 352 357 386 359
meristem in growth SD 115 111 133 097 109 093
Demonstrate the process of M 421 361 400 414 413 403
uptake of water and nutrientsby SD 097 087 132 081 099 112
plants
Describe how nitrogen fixation M 382 380 361 428 425 4.03
takes place in leguminous crops SD 090 092 119 082 087 0383
Demonstrate the effect of growth M 350 344 367 402 425 381
hormone on the rate of sprouting SD 09 090 119 082 087 0.83
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Table A-1 Continued

Competencies ‘ Respondent groups

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

350 336 376 391 425 488

Record through observation the .
1.07 104 125 091 093 1.15

development of a plant

Explain the short night and long
night plants

332 294 355 388 408 4.03
115 104 126 090 096 1.09

Identify some growth regulators 371 322 379 368 416 4.07
089 092 122 105 091 117
List the limiting factors of plant
growth

432 355 402 4.02 430 422
081 105 126 101 088 097

410 380 414 431 436 432
083 109 101 079 08 0.87

Demonstrate the selective action
of herbicides

B2 B= B= B= B=
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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 377 352 380 382 436 385
and an animal cell SD 093 091 083 104 089 0.92

374 338 368 391 411 4.03
090 093 083 106 082 0.89

Take a cross-section of a plant
part and observe the cell through
the microscope

g=

355 352 340 360 416 353
101 105 084 100 091 0.96

Draw a plant cell and an animal
cell

Describe the function of DNA 366 344 354 394 433 370
103 105 070 087 075 113

348 330 368 377 413 370

Explain the process of gene .
125 114 075 100 099 110

splicing

37 319 394 391 408 4.00

Describe the process of tissue .
121 114 105 109 107 110

culture

411 383 371 417 411 414
108 099 122 095 0.78 086

List various plant breeding
technique

381 361 368 425 419 400
117 105 107 085 082 092

Explain the advantages of crop
improvement

Describe the cloning of genes 351 333 380 403 402 388
122 126 120 107 100 097
322 341 360 348 405 374

Describe how mutation takes .
118 105 128 105 089 098

place in plants

318 297 358 360 397 344

Explain the formation of . .
127 129 120 121 105 105

recombinant DNA

B= B= B= B= B= B= B= B= B=
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Table A-2. Continued

Competencies 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 314 327 340 382 391 363
inheritance SD 135 108 119 127 087 130
Explain the process of gene M 351 319 322 354 375 363
insertion into germ cell lines SD 112 116 116 124 096 1.07
Describe the process of natural M 340 361 351 400 383 381
selection of plants SD 115 100 117 102 069 1.07
Enumerate the difference M 348 322 382 382 405 381
between traditional plant SD 118 124 098 101 098 0.92
breeding and gene splicing

Describe the advantages of gene M 359 319 374 371 400 380
splicing SO 115 132 103 110 109 101
Explain the role of monoclonal M 307 288 282 434 377 340
antibodies in pregnancy testing SD 123 132 103 110 109 101
Explain the process of M 325 286 302 328 366 351
transgenesis SD 125 131 115 126 095 115
Describe the role of gene splicing M 307 313 345 368 380 34
in the production of bovine and 8D 126 129 114 125 109 118
porcine somatotropin

Distinguish between in-breeding M 351 405 391 420 422 340
and out-breeding in animals SD 128 082 122 107 076 1.05
List the methods of breedingin M 340 394 388 440 422 396
swine SD 124 089 127 093 079 112
List the criteria for selecting M 351 436 399 440 441 418
breeding stock SD 119 085 131 094 060 1.07
Explain the process of embryo M 396 419 417 437 427 444
transfer SD 115 100 107 087 084 075



Tsble A-2 Continued
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Competencies

Respondent groups

Explain the principle of
developing disease and insect
resistant crops

Describe gene expression

1 2 3 4 5 6
n=38 n=50 n=39 n=43 n=41 n=26
M 377 411 425 425 413 411
SD 103 097 101 088 089 101
M 370 363 354 397 405 381
SD 143 152 147 103 098 129
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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 311 388 377 411 416 3.70
livestock species SD 128 116 133 090 084 132
Draw the digestive system of M 329 366 388 420 402 370
ruminant and monogastric SD 123 112 130 099 100 126
animals
Calculate the balanced feed M 329 3838 394 431 416 4.11
ration SD 117 106 144 096 084 128
Explain the role of bovine growth M 340 363 400 397 394 388
hormone in milk production SO 115 099 126 095 098 101
Describe the composition of meat M 340 358 382 388 405 392
and milk SD 133 110 117 096 089 117
Describe the reproductive system M 340 383 391 402 400 366
of selected animals SD 115 105 129 104 098 120
Demonstrate the procedure of M 374 402 400 422 428 414
artificial insemination SD 102 102 116 084 099 106
List the factors for the selection M 348 391 3838 442 416 4.03
of animal breeds SD 112 110 138 069 087 122
Describe the symptoms of major M 370 400 377 428 419 422
animal diseases SD 113 098 137 075 085 1.01
Outline the procedures to control M 385 405 385 434 425 418
animal diseases D 116 104 119 072 080 107
Explain the principle of M 359 400 382 428 416 414
immunization in animals SD 116 104 120 078 081 109
Demonstrate the use of vaccines M 363 405 371 431 413 411
against major animal diseases SD 118 112 115 079 086 1.05



Table A-3. Continued
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Respondent groups

Competencies

1 2 3 4 S 6

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

Describe the principle of sex M 344 350 345 382 400 381
linkage in animal diseases SD 112 118 112 079 092 1.07
Analyze the ingredients of M 318 336 351 365 394 374
selected animal products SD 103 124 117 087 095 125
Explain how cycling time can be M 333 361 357 385 411 388
increased in animal production SD 103 115 109 091 088 118
Explain the function of - M 344 338 342 362 408 377
endocrines in animals SD 103 115 109 091 088 1.18
Explain the physiology of M 329 3838 394 431 416 411
lactation egg production in SD 117 106 145 096 084 128

animals




146,

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 425 402 451 451 447 470
properties of soil SO 094 087 077 061 087 054
Analyze an on-site soil profile to M 407 372 428 448 469 448
illustrate types of soil SD 103 081 075 061 062 064
List the macro and micro M 440 402 434 440 441 474
nutrients of soil SD 088 091 076 069 080 052
Distinguish between soil texture M 437 388 442 448 455 466
and structure SD 068 100 077 065 061 051
Explain soil alkalinity, salinity M 370 352 420 460 466 459
and a_cidity SD 135 115 071 060 0.77 057
Demonstrate the methods of soil M 363 361 437 460 483 466
conservation SD 133 102 073 055 044 055
Explain soil compaction M 366 388 422 440 469 455
SD 124 103 080 065 057 057
Demonstrate how to take soil M 333 358 454 468 486 451
samples and interpret soil test ~ SD 138 105 077 058 042 0.75
results
Demonstrate Cation Exchange M 359 377 365 391 427 411
Capacity of soil SD 118 095 076 085 0.77 093
Measure electrical conductivity M 322 344 382 38 413 370
and soil pH SD 112 105 077 086 093 117
List the environmental factors M 303 336 445 465 477 459
contributing to soil erosion SD 116 109 070 053 054 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 366 380 445 457 483 451
measures SD 135 100 074 055 044 093
Distinguish between M 388 397 431 448 466 459
conservation tillage and SD 136 102 075 070 079 0.74
conventional tillage
Explain the biological properties M 355 377 422 422 469 433
of soil SD 112 "101 077 070 071 087
Demonstrate the methods of M 370 358 437 437 483 433
maintaining water quality SD 129 099 069 073 051 1.00
Describe the principles of M 400 391 362 400 438 400
organic farming SD 114 105 080 092 083 091
Describe the importance of soil M 311 325 420 448 463 451
organic matter SD 115 102 090 065 054 0.80
Describt the cycle of soil M 351 377 402 380 433 4.03
ecosystem SD 115 107 070 083 095 094
Describe soil formation M 359 333 417 411 438 4.07
SD 111 094 085 083 087 0.82
Describe soil water availability M 322 336 425 414 469 422
SD 134 089 081 081 074 071
Demonstrate water holding M 363 347 422 414 472 432
capacity of soil SD 121 102 080 077 061 0.74
Develop pH scale to plot acidity M 363 355 380 38 472 412
and alkalinity SD 121 102 096 087 065 097
Identify pH ranges for major M 322 330 405 432 486 460
crops SD 118 092 096 073 054 064
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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= n=50 n=39 n=43 n=41 n=26

Demonstrate the operation of M 344 319 371 360 402 351
compound microscope SD 118 103 082 091 087 084
Describe the ways of classifying M 344 313 371 362 408 348
microorganisms related to SD 1.08 107 086 0.73 084 0.80
agriculture
Distinguish between fungi and M 359 336 388 368 408 363
bacteria related to agriculture SD 097 104 079 086 087 0.79
Draw the structure of algae M 274 277 302 320 380 3.07
SO 113 098 082 086 103 1.00
Draw the structure of selected M 285 275 308 312 375 3.07
fungus in agriculture SD 119 102 098 094 099 110
Explain reproduction in fungi M 292 283 311 322 38 337
SD 114 110 083 097 099 096
Draw the structure of yeast M 240 261 291 297 391 300
SD 124 112 081 081 102 110
Observe the structure and M 300 291 340 334 400 340
composition of a bacteriaunder SD 127 113 111 099 101 101
the microscope
Identify the difference between @~ M 314 291 302 322 397 355
autotropic and heterotropic SO 106 110 101 087 097 101
microbes
Identify the symptoms of major M 374 358 397 394 438 441
diseases of agronomic plants SO 090 102 098 080 080 0.89
List beneficial microbes in M 370 358 391 381 419 385
agriculture SD 08 107 109 083 085 1.02



Table A-5 Continued
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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 340 308 351 334 400 363
organisms in the laboratory SD 093 107 104 096 089 092
Identify nitrogen fixing M 374 369 391 400 433 414
organisms and explain how they SD 090 111 095 092 075 094

fix nitrogen




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

Describe the importance of yeast M 334 345 351 380 363 295
to man SD 113 115 135 106 106 096
Explain the microbial process M 288 285 328 237 375 348
that takes place during the SD 1.08 121 131 123 108 1.01
preparation of bread
List the fungi used in the M 307 271 360 354 388 359
manufacture of cheese SD 123 120 133 117 097 097
Identify the fungi that spoils M 318 305 334 360 4.00 359
fruits and vegetables SD 117 123 123 109 104 101
Explain the process of M 355 368 385 388 436 3.70
conversion of feed intomeatin SD 097 096 128 102 068 123
hogs and cattle
Describe the process of milk M 359 351 382 394 441 366
formation in cattle SD 088 099 131 096 064 117
Explain how microbial activity M 329 331 374 400 422 359
in milk helps in the formationof SD 117 132 142 097 086 0.97
milk products
Describe pasteurization of milk M 344 345 382 391 422 385

SO 118 098 120 091 079 1.02
Identify various food M 300 348 368 357 400 339
preservatives SO 145 113 126 104 100 164
Describe the process of M 337 328 351 382 402 370
fermentation SD 104 095 131 095 084 095
Demonstrate the laboratory M 344 325 357 374 402 355
preparation of vinegar SO 101 103 124 097 091 093
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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 usedin M 266 274 314 302 375 340
the manufacture of canned SD 130 119 139 136 118 104
beverages
Explain the concept of food chain M 274 277 314 320 369 325

SD 128 108 141 125 106 098
Identify wholesale and retail M 330 374 385 388 436 340
cuts of meat SD 133 095 126 096 072 097
Explain the processing of milk M 344 385 391 431 444 385
and dairy products SD 101 087 129 079 069 098
Describe various methods of M 333 360 408 417 433 374
processing fruits and vegetables SD 100 091 124 089 082 098
Explain the role of barley maltas M 325 348 374 400 422 359
a flavor supplement in baking SD 102 095 131 084 086 093
Explain how nutritive value of @M 285 274 345 331 383 322
feed grains can be improved SD 116 114 131 113 113 0.89
through biotechnology
Identify some artificial M 363 360 402 394 402 359
sweeteners hat can be SD 104 119 109 103 091 104

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

317 341 338 374 413 359
118 093 110 098 072 1.01

List the ways plants are
classified

275 288 317 345 347 329
107 126 114 117 091 1.06

Draw the internal structure of
leaves

382 347 417 391 377 392
098 102 102 112 101 1.03

Conduct experiment for
photosynthesis and respiration

371 382 391 428 430 4.07
127 097 102 092 082 1.07

Explain the function of roots

Describe the internal structure
of a stem

332 336 38 365 427 374
121 083 082 090 065 0.85

307 375 397 414 411 430
105 099 093 0975 091 0.779

Identify various modifications of
a stem

342 355 397 380 422 388

Describe the structure of a R
145 093 0795 099 079 097

flower

Describe the function of each
floral part

353 436 450 445 452 470
145 068 061 065 073 040

385 386 420 420 441 455
117 093 072 075 094 057

Describe the process of
pollinationand fertilization

389 377 397 414 436 429
122 092 057 084 079 066

Identify the modes of vegetative
propagation in plants

346 366 391 371 447 408
134 079 079 082 068 105

Demonstrate budding and
grafting

B= 8= B= B= B= B B B= B= B= B=



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 332 380 405 391 436 4.07
SD 118 082 088 078 072 0.87
Describe the formation of seeds M 339 413 429 431 461 448
SD 119 072 083 067 072 064
Conduct a germination M 367 366 400 362 411 370
experiment to show the stages of SD 130 092 085 106 091 099
germination of seeds
Dissect a plant and name the M 285 419 441 460 486 459
parts SD 150 099 098 080 062 0.77
Identify important weeds of crop M 350 361 385 394 469 429
plants SD 150 099 098 080 062 0.77
Demonstrate the foliar M 342 338 394 362 441 414
application of nutrients in plants SD 106 099 109 091 069 1.02
Demonstrate the practice of M 314 330 370 368 438 414
hydroponics SD 126 08 090 079 0.76 0.77
Explain the stock selection in M 296 300 341 348 427 355
plants SD 117 089 089 091 091 0.89
Explain the importance of apical M 289 391 441 417 455 4.18
meristem in growth SD 119 080 0.78 074 090 092
Demonstrate the process of M 367 402 423 414 452 422
uptake of water and nutrientsby SD 130 087 092 094 065 0.80

plants

Describe how nitrogen fixation M 321 341 397 391 433 381
takes place in leguminous crops SD 113 099 093 085 071 0.78

Demonstrate the effect of growth M 339 375 379 391 430 381
hormone on the rate of sprouting SD 106 087 103 078 062 1.03



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

Record through observation the
development of a plant

332 325 364 402 447 392
102 093 091 066 065 099

Explain the short night and long
night plants

300 347 358 377 455 414
130 084 074 084 080 0.86
Identify some growth regulators 339 386 432 425 480 429
125 089 084 070 057 091

List the limiting factors of plant
growth

364 408 414 434 461 440
133 090 085 059 068 0.69

Demonstrate the selective action
of herbicides

353 400 434 442 444 398
117 091 064 071 072 101

B2 B= B= B= B=
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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 355 352 377 388 388 381

and an animal cell SD 108 197 106 113 103 1.07
Take a cross-section of a plant M 355 322 354 394 394 385
part and observe the cell through SD 115 109 109 113 092 107
the microscope
Draw a plant cell and an animal M 344 313 334 371 402 333
cell SD 115 114 105 122 094 110
Describe the function of DNA M 359 330 354 400 416 333
SD 111 114 112 105 087 110
Explain the process of gene M 359 322 382 374 425 392
splicing SD 133 107 077 085 099 0.99
Describe the process of tissue M 411 372 391 417 444 422
culture SD 1.01 097 091 070 073 0.75
List various plant breeding M 418 383 391 437 438 4.18
techniques : SD 096 094 070 069 087 0.78
Explain the advantages ofcrop M 355 325 365 380 425 4.14
improvement SD 121 099 072 0.79 093 0.86
Describe the cloning of genes M 370 347 362 365 425 392
SD 113 102 064 072 080 087
Describe how mutation takes M 322 302 337 348 425 348
place in plants SD 121 105 080 101 090 112



Table B-2. Continued
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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 348 350 385 408 444 377
recombinant DNA SD 118 108 081 088 077 112
State Mendel's law of M 329 316 342 337 422 359
inheritance SD 123 102 077 116 095 097
Explain the process of gene M 396 361 382 411 436 437
insertion into germ cell lines SD 08 096 078 079 072 079
Describe the process of natural M 351 311 377 380 408 381
selection of plants SD 112 109 073 075 090 0.92
Enumerate the difference M 351 305 362 377 400 4.03
between traditional breeding and SD 105 119 077 087 101 089
gene splicing
Describe the advantages of gene M 307 291 285 311 391 348
splicing SD 123 105 094 123 099 105
Explain the role of monoclonal M 311 283 305 328 400 34
antibodies in pregnancy testing SD 128 110 093 107 104 115
Explain the process of M 288 308 354 368 388 357
transgenesis SD 125 120 106 105 114 1.05
Describe the role of gene splicing M 411 427 405 425 466 429
in the production of porcine SD 080 074 090 074 058 0.72
somatotropin
Distinguish between in-breeding M 366 405 397 434 450 396
and out-breeding in animals SD 096 08 078 072 0.73 080
List the methods of breedingin M 407 436 431 440 466 437
swine SO 091 079 079 077 053 0.74
List the criteria for selecting M 418 425 431 425 438 447
breeding stock SD 073 087 075 081 072 074



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
388 380 360 394 419 388
101 088 094 069 088 0.89

Explain the principle of
developing disease and insect
resistant crops

Describe gene expression M 380 373 364 425 405 391
104 103 124 050 095 1.02

B

S
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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 400 408 408 422 450 425
livestock species SD 103 087 091 064 0.73 081
Draw the digestive system of M 414 400 400 437 433 396
ruminant and monogastric SD 090 098 100 080 092 1.01
animals
Calculate the balanced feed M 407 422 437 440 444 44
ration SO 087 098 073 065 080 0.75
Explain the role of bovine growth M 355 380 411 397 422 381
hormone in milk production SD 105 092 086 074 089 0.96
Describe the composition of meat M 337 372 380 394 436 396
and milk SD 118 097 083 090 086 094
Describe the reproductive system M 392 411 405 414 427 381
of selected animals SD 087 0.78 093 094 088 1.01
Demonstrate the procedure of M 377 419 394 422 447 425
artificial insemination SD 110 092 076 069 087 0.76
List the factors for the selection M 392 427 431 442 461 440
of animal breeds SO 095 074 075 069 076 0.79
Describe the symptoms of major M 396 422 405 437 455 440
animal diseases SD 094 083 076 064 082 0.79
Outline the procedures to control M 422 430 411 445 469 437
animal diseases SO 093 085 075 061 066 0.79
Explain the principle of M 400 408 402 428 461 4.33
immunization in animals SD 092 102 070 071 072 0.78
Demonstrate the use of vaccines M 381 419 388 422 461 425
against major animal diseases SD 100 082 071 073 072 0.76



Table B-3. Continued
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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

Describe the principle of sex M 370 347 362 385 441 381
linkage in animal diseases SD 091 094 059 069 084 083
Analyze the ingredients of M 329 338 360 368 441 381
selected animal products SD 106 099 069 079 087 091
Explain how cycling time can be M 351 375 385 394 458 392
increased in animal production SD 089 102 073 068 077 0.78
Explain the function of M 333 366 362 380 452 370
endocrines in animals SD 073 098 073 090 0.77 095
Explain the physiology of M 407 422 437 440 444 444
lactation, egg production in SD 087 078 073 065 080 0.75

animals
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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

374 361 394 442 416 4.14
134 102 147 077 097 098

Describe the nature and
properties of soil

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

363 355 408 434 438 4.00
136 096 135 083 080 1.03

List the macro and micro
nutrients of soil

359 350 382 422 408 4.00
136 108 140 100 090 1.07

Distinguish between soil texture
and structure

370 352 391 417 438 392
115 144 107 080 1.01

Explain soil alkalinity, salinity
and acidity

363 361 38 437 430 392
133 102 143 084 085 099

Demonstrate the methods of soil
conservation

366 388 397 448 450 4.00
124 103 138 081 070 103

333 358 374 420 433 388

Explain soil compaction .
138 105 142 102 079 1.08

B2 B= B2 B8 B2 B= B2 B2
z

Demonstrate how to take soil 359 377 402 468 452 4.00
samples and interpret soil test 118 095 140 063 073 1.07
results

Demonstrate Cation Exchange
Capacity of soil

322 344 365 391 394 355
112 105 134 106 079 115

303 336 382 363 38 377

Measure electrical conductivity .
106 109 131 111 096 108

and soil pH

List the environmental factors
contributing to soil erosion

366 380 397 445 441 4.00
135 100 131 101 077 100

388 397 338 454 450 396

Explain soil erosion control . .
136 102 147 081 069 119

measures

B= B2 B= B=



Table B-4. Continued

Competencies Respondent groups
1 2 3 4 5 6
n=38 n=50 n=39 n=43 n=41 n=26
Distinguish between M 355 377 382 440 436 396
conservation tillage and SD 112 101 140 106 086 1.19
conventional tillage
Explain the biological properties M 370 358 385 402 427 363
of soil SD 129 099 130 098 091 118
Demonstrate the methods of M 400 391 405 437 447 4.00
maintaining water quality SD 114 105 102 094 069 127
Describe the principles of M 311 325 357 394 441 366
organic farming SD 115 102 122 125 095 120
Describe the importance of soil M 351 377 377 431 433 407
organic matter SD 115 107 128 093 086 126
Describe the cycle of soil M 359 333 362 365 408 381
ecosystem SD 118 095 121 118 093 121
Describe soil formation M 322 336 374 397 411 363
SD 134 089 133 120 091 127
Describe soil water availability M 363 347 371 405 425 392
SD 121 102 140 118 093 099
Demonstrate water holding M 363 355 374 405 427 384
capacity of soil SD 121 102 144 096 084 106
Develop pH scale toplot acidity M 322 330 360 402 419 380
and alkalinity SD 118 092 147 104 088 1.19
Identify pH ranges for major M 322 347 339 402 425 306
crops SD 136 103 127 097 098 135
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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 359 302 388 368 377 355
compound microscope SD 124 120 118 110 092 105
Describe the ways of classifying M 359 311 368 345 375 350
microorganisms related to SD 108 121 118 109 084 097
agriculture
Distinguish between fungi and M 370 305 385 368 380 359
bacteria related to agriculture SO 095 109 114 101 082 093
Draw the structure of algae M 288 258 317 322 355 311
SD 118 110 115 106 105 125
Draw the structure of selected M 288 261 294 311 350 311
fungus in agriculture SD 121 112 099 115 105 1.18
Explain reproduction in fungi M 277 261 302 320 358 337
SD 112 112 104 132 096 1.11
Draw the structure of yeast M 240 247 291 297 363 318
SD 121 110 109 120 107 111
Observe the structure and M 300 269 354 334 369 344
composition of a bacteriaunder SD 114 126 144 121 103 112
the microscope
Identify the difference between @M 325 261 328 325 266 359
autotropic and heterotropic SD 113 107 146 117 104 115
microbes
Identify the symptoms of major M 370 338 382 391 419 4.07
diseases of agronomic plants SO 091 127 113 098 078 1.03
List beneficial microbes in M 366 327 382 368 400 403
agriculture SD 087 118 127 115 086 1.09
Demonstrate culturing of micro- M 340 286 344 325 377 354
organisms in the laboratory SD 108 124 135 122 095 112
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Table B-5. Continued

Competencies Respondent groups
1 2 3 4 5 6
n=38 n=50 n=39 n=43 n=41 n=26
Identify nitrogen fixing M 363 344 382 394 427 400
organisms and explain how they SD 092 120 131 1.03 077 107

fix nitrogen
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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)
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 329 325 322 340 397 370
to man to agriculture products SD 082 091 091 081 097 082
enhancement
Explain the microbial process M 296 311 305 331 388 351
that takes place during the SD 105 096 083 099 095 0.89
preparation of bread
List the fungi used in the M 391 300 368 345 422 355
manufacture of cheese SD 115 113 099 098 098 0.89
Identify the fungi that spoils M 329 325 342 357 425 363
fruits and vegetables SD 110 127 073 094 099 0.79
Explain the process of M 366 397 394 391 452 407
conversion of feed into meatin 8D 087 098 080 074 065 103
hogs and cattle
Describe the process of milk M 355 388 405 402 441 403
formation in cattle SD 093 093 087 074 0.73 098
Explain how microbial activity M 329 354 388 380 436 381
in milk helps in the formation of SD 117 095 086 083 076 0.68
milk products
Describe pasteurization of milk M 363 354 394 414 430 4.07

SD 111 095 090 081 074 067
Identify various food M 325 342 38 388 416 392
preservatives SD 098 094 099 083 084 067
Describe the process of M 344 431 365 380 419 3.77
fermentation SD 093 053 099 071 074 069
Demonstrate the laboratory M 28 274 302 308 388 337
preparation of vinegar SD 132 106 106 119 109 092
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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 359 397 411 417 441 374

SD 115 074 079 078 064 085
Identify wholesale and retail M 381 414 425 437 447 441
cuts of meat SD 083 084 08 073 084 0.75
Explain the processing of milk M 351 410 417 418 433 396
and dairy products SO 097 083 095 078 079 085
Describe the various methods of M 340 377 388 397 427 381
processing fruits and vegetables SD  1.01 087 090 061 084 062
Explain the role of barley malt as M 288 302 345 325 383 333
a flavor supplement in baking SD 112 098 098 088 106 0.73
Explain how nutritive valueof @M 355 374 391 385 416 3.63
foodand feed grains can be SD 101 114 101 087 084 083
improved through biotechnology
Identify some artificial M 400 381 368 357 462 429
sweetenershat can be SD 070 096 110 091 101 086

manufactured in the industry
using biotechnology
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1-8:-86-8 * i-9:8-8

TOWA * STATE » UNIVERSITY
Agriculture & Home Economics

EXPERIMENT STATION

Department of Agricultural Education
201 Curiss Hall
Ames, lowa 50011
515-294-5872

Dear Vo. Ag. Instructor:

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 yvour 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 guestionnaires 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.

Cimmavrely, \
- ~— ; .

Refert A. Martin \#. Rajasexaray

Associate Professor Research Assistant

A Century of Progress—An Unlimited Future
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1-8-8-8f X7 ¢ 1:9-8-8
IOWA ¢ STATE ¢ UNIVERSITY
Agriculture & Home Economics

EXPERIMENT STATION

Department of Agricultural Education
201 Curtiss Hall
Ames, [owa 50011
515-294-5872

Date: June 28, 1988

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 = B. Rajasekaran
Associate Professor Research Assistant
515-294-0896 515-294-0901

Dr. Robert A. Martin,

Assaciate Professor

217 B Curtiss Hall

Department of Agricultural Education
lowa State University

Ames, lowa 50011

To:



