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The sciences of food, fiber, agriculture, and renewable resoﬁ_r_ci;_
traditionally, been viewed as applied disciplines related almost exclu
to farming. The result was the establishment of a food and fibe
unparalleled around the world, However, it has also resulted in
cultural industry being considered the world’s greatest pollutes;:the
irresponsible poliuter, and an irresponsible user of natural resource
belief has stemmed from a changing society that has little regar fi
food and fiber system and a great deal of suspicion about agrict
products. It is time to change. The future success of the food and
“system depends on how we, as agriculturists, collaborate with al
plines of education. Whenever people understand the food, agricultut
renewable resource system, there is at least a chance to develop a MO
positive perspective of the importance of this system. The time for coll

oration is now!
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uestion

“The cost of attending some of America’s
colleges has now soared to more than
$20,000 a year .
(Anderson, 1992)

lashy and slick, the brochure alluring

students and their parents to spend

$20,000 boasts that “students who attend
All-World-U [call it any university you wish]
have the benefit of encountering excellent
teachers in every department”.

“Excellent teaching” appeals to undergradu-
ate students and their parents alike. This clien-
tele would certainly not find the same degree
of attraction to, “you will encounter ‘renowned
researchers’ or ‘profound philosophers’ or
‘prolific writers’ or ‘gifted grantspersons’ in
every department”. Excellent teachers sell uni-
versities to prospective undergraduates and
their parents. So, just what is the quality of
teaching that our students receive for $20,000?

Before I can answer that $20,000 question, I
have to develop a model for assessing excel-
lent teaching. That’s not easy given the
numerous variables involved and the interac-
tions of each. But, let’s spend this issue zero-
ing-in on one variable: are professors chal-
lenging students to think? Can studying this
variable move us toward developing a teaching
assessment model, and thus, take us closer to
that $20,000 answer?

A Decade of Questions

In the past 10 years a heavy emphasis has
been placed on the importance of effective
thinking as it relates to success in school, thus
ultimately, success in life. Public press arti-
cles, such as those reported in the New York
Times, have stated, “public schools have dis-
covered the importance of critical thinking,
and many of them are trying to teach children
how to do it” (Hechinger, 1987, p. 27).

The power to think and solve problems
should be the learner outcome desired by pro-
fessors. Many educators agree with Meyers
(1986), who stated, “It is increasingly impor-
tant that students master the thinking and rea-
soning skills they need to process and use the
wealth of information that is readily at
hand...” (p. xii). Resnick (1987) added,
research shows that many components of
thinking can be effectively taught.

American educators, however, have not
been singled-out as exemplary models for
teaching thinking. McKeachie (cited in

Joscelyn, 1988) contended, “Everyone agrees
that students learn in college, but whether they
leam to think is more controversial”.

In This Issue

[ believe we are sutrounded by educators in
America who do challenge students to think.
Professors like Steve Cooke and Marc
Klowden at the University of Idaho have
earned a reputation for the challenges they
offer their sindents. Are questioning strategies
important for increasing the cognitive chal-
lenge in our classrooms? If so, Steve Cooke
has a “corner-on-the-market’ in his agricultural
economics class.

Is creativity an essential motivating force
for encouraging students to think at higher
cognitive levels? I think Marc Klowden offers
keen insights concerning creativity in his ento-
mology classroom. Lately, have we had our
students asking “why?” Is asking “why” a
necessary component for developing thinking
skills? Sam Custer believes we should keep
students hungry for “why” by capitalizing on
the strengths of problem-solving teaching.

Does a teacher’s learning style play a role in
the approach taken to challenge the students in
class? Does a student’s learning style limit
and/or enhance the cognitive activity that can
be achieved during class? If so, what strate-
gies can be implemented to overcome potential
barriers influenced by learning styles? Authors
Kotrlik, Harrison, and Handley and authors
Torres and Cano share expertise concerning the
relationship of learning styles and cognitive
processes.

In this issue, as we explore enhanced think-
ing through excellence in teaching, let’s reflect
on the beauty of teaching agriculture — a sub-
ject matter couched in a schema, which,
together, work cooperatively and naturally in
affording students opportunities to reach the
highest level of cognition. L.H. Newcomb
very succinctly re-visits the genius in the agri-
cultural education model that captures the
essence of teaching thinking skills to stedents.

Summary
While our understanding of the complexity
of thinking is limited, and we have many more
questions than answers, we know enough
about thinking to justify the intent to improve
some aspect of it through teaching that focuses
specifically on effective ways of enhancing the

{Continued on page 6}
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By: L. H, NEwcoms

Dr, Newcomb is the associ-
aie dean and direcior of aca-
demlc affairs for the college
of food, agricultural, and
environmenial sciences at
The Ohio State University,
Columbus.

he need to have students graduate with

E the demonstrated capacity to think at the
higher levels of Bloom’s taxonomy is

more urgent than ever. The nature of the world
we live in demands it. Given the pace of tech-
nological change and the unabated explosion of
knowledge, it is fruitless to try to focus on
teaching facts, for this is guaranteed to be a los-

“ing proposition.

Agricultural educators are lucky. The funda-
mental precepts which undergird the agricultural
education program are steeped in a genius
which is predisposed to facilitating learning at
the higher levels of cognition.

Elements of the Genius of the Agricultural
Education Model

Some might ask what is meant by the asser-
tion that agricultural education programs con-
tain precepts which form a foundation of genius
for the program. There are a number of ele-
ments of agricultural education programming
which are really imbued with strokes of psycho-
logical genius which are so robust that they all
but guarantee success if they are even partially
drawn upon,

Use of Real-Life Activities as Organizers

The agricultural education model is famous
for its insistence that the curriculum grow out of
real needs of the community and the students. It
is commonplace to have instruction from cur-
riculum development, to lesson delivery, to lab-
oratory assignments (in school or at home)
which is organized around projects. The pro-
jects vary from animals to plants and from
mechanics to business operations.

However, this focus on projects almost
always leads to causing students to adopt a
holistic approach to their learning. For example,
students not only attend to learning how to
select an animal but also to all the decisjons
which follow: budgeting, animal housing, feed-
ing, health, and marketing. Thus, students are
actually compelled to “see the big picture”.
They discover interactions. They must rapidly
move from the lowest levels of cognition, i.e.,
remembering, to comprehension, application,
and analysis. Especially if they develop sound
“projects,” they often must operate at the syn-
thesis and evaluation levels of cognition.
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S0, the agricultural education
ing learning somewhat automatical]
that students will have to think a’ lhe hig
els of cognition. To the extent thii
agricultural education moves away.
idea of real-life activities as a bagis
tion, then the gains afforded students
order thinking will be jeopardized:
Emphasis on Connecting Theory with Pricti
A related strength of the agricuit al

tion model is that teachers are kniown f
insistence on relating theory to pr
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likelihood that students will tearn to oper:
the higher levels of cognition.

other application exercises that require stude
to demonstrate their ability to operate atil
analysis level.
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-as an Organizer

Some would contend that the FFA: is
crown jewel among the gems of gem"
girding the seemingly routine aspec
agricultural education model. Too often;
fail to remember and value the fact that th
reason for adding youth organization acti
to the agricultural education model was t
in the program an intentional opportunity.to
ture the self-esteem of every studen
enrolled. A careful analysis of the psycholo
constructs which undergird the FFA will reved
that the organization has enormous built-
chological features only waiting to be harneSS
by skillful teachers.

The array of incentives prompt stud"
action. In carrying out such action, stude
must think—they must go beyond recal
application; they must analyze. Very often th
must evaluate (e.g.. program of activities: pla
ning, judging, community service projec!_s;
carrying out goals of committees). Then. the
are a variety of leadership experiences W

(Continued on page 6)
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“The classroom discussion is predicated on
the fact that the printing press has been
invented and, therefore, that the teacher

need not function as a high priest who
reads the sacred scrolls to the unletteved.”
(Schmid, 1978)

et me begin with a confession. I have a

problem with the Socratic Method. The
e discussion method of teaching is often
referred to as the “Socratic Method”. For
example, as a graduate student, I had three pro-
fessors who asked questions in class in order to
stimulate discussion and called their approach
the “Socratic Method”. To explain why I think
the discussion method of teaching is both dif-
ferent from and an improvement over the.
Socratic Methed, I will apply Bloom’s { 1956)
levels of cognition of analysis, syathesis, and
evaluation to compare and contrast the two
approaches. My goal is to make the case for
the discussion method as a way of thinking
rather than a technique of teaching. For me,
the assumptions associated with this way of
thinking are a prerequisite to effectively using
the discussion method of teaching.

Plato describes a teaching methed used by
Socrates in which he would ask his students a
series of questions. The purpose was o elicit
clear and consistent thinking from the students
as they reasoned from the parts to the whole.
Through this process of induction, Socrates
thought that his students could make explicit
the “Truth” that he assumed to be implicit in
and knowable to all rational people.

Anytime I have used a series of leading
questions to get a student to state what to me
was an “obvious truth” in my agriculiural mar-
keting class, I have found the experience to be
as frustrating to me as it is numbing to the stu-
dents.

“What did Lipsey and Lancaster
say about the difference between
economic constraints that are ‘in
the nature of things’ and other con-
straints, such as policies relating to
taxes and subsidies?”

Professor:

Students: (dazed silence).

Professor: “Try looking in the first paragraph
in the second section”.

Students:  (quietly reading in silence).

Professor: “A hint—Ilook at the sentence that
begins, In general’™.

Students:  (searching in silence).

Professor: “Would anyone care to read that
sentence?”

Students: (glancing at one another, one stu-

dent begins reading slowly and
quietly, “In general,...”).

This approach reminds me of a determined
calf T once tried to show at the county fair—
not the stuff for articles on teaching excellence,
except, perhaps, by negative example.

So what is the problem? 1 think there are
three problems with the Socratic Method. First,
T think there is no such thing as the “Truth”.
Warren Samuels says that the opposite of a
small truth is a falsehood and the opposite of a
big truth is another big truth. If I am trying to
teach “big truths”, then there is likely to be
more than one “big truth” to consjder.

Second, in discovering a relative truth,
deduction is as useful as induction, though nei-
ther is definitive. Hume’s (1967) paradox sug-
gests that both induction and deduction require
a leap of faith. With induction, the leap is the
assumption that the specific holds for the gen-
eral. With deduction, the leap is the assump-
tion that the initial conditions are true.

Finally, I do not believe that a fully formed
truth exists implicitly in each of us to simply
be unveiled. If chance favors the prepared
mind as Pasteur (1980} suggests, then there is

much intellectoal preparation to do first. C.
Wright Mill (1959) stated that scholarship is a
process he characterizes as intellectual crafts-
manship. Through diligent craftsmanship, stu-
dents build their own window to the world.
Some individuals’ windows are bigger and
clearer than others, but they are self-construct-
ed windows nonetheless. Thomas Kehn
(1970) has documented the craftsmanship  —
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process in which scientists have so transformed
their world view as to produce scientific revolu-

tions.
: Thus, I doubt the value of the Socratic Method;
it appears to deny the existence of relative truth,
multiple paths to knowledge, and intellectual
craftsmanship. Therefore, I do not call the discus-
sion approach I use in my agricultural marketing
class at the University of Idaho the “Socratic
Method”, Beyond this, to accept these three condi-
tions requires a teacher to maintain a way of think-
ing that goes beyond a technique.

The result of this way of thinking is a discussion
methed that, to me, suggests the following. First, T
tph:k that the role of the instructor is to plant ques-
ttons, to draw out lines of inquiry, to help crystal-
tize ideas, and to demonstrate his/her thinking
process out lond. The function of a teacher is
replaced by that of a coach, facilitator, and catalyst.
I view the instructor as an active listener, a recorder
of comments, and a creative organizer of the flow
of information and ideas. The instructor tries to
reflect back, in a more emotionally neateal way, the
f:nthusiasm and mastery the students are develop-
ing toward the subject matter.

I think the students’ roles are to practice as a
partner in the tasks of analyzing, synthesizing,
evalnating, and monitoring the process of discov-
ery with the instructor and other students. Students
learn through the senses of sight, sound, and feel-
%ngs through student paper presentations, role play-
ing, and case studies.

Finally, I think the classroom is a place to model
the scientific method of problem definition, theo-
rizing, data collection, results analysis, and conclu-
sion-building. The environment is one that is
encouraging, safe, fun, and supports the exchange
of ideas. The classroom is a place to pursue the
“many truths” in the company of friends.
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t’s hard to imagine any child not becom-

ing excited about dinosaurs or insects.

Live dinosaurs haven’t been used in class-
rooms for at least 65 million years, but insects
can give us a foot in the door, and sometimes
all six, as a way of exciting college students
and motivating their learning. The childhood
fascination with insects is never really lost
and can be effectively manipulated to stimu-
late the learning process.

I teach an introductory course in entomolo-
gy at the University of Idaho. As one of the
natural science offerings in the core curricu-
lum, the course is taken by students across
campus in majors as diverse as architecture
and zoology. I strongly believe that one of
the barriers to learning is the perceived rele-
vance of the subject matter. Students who
think that information is simply “acaderic”
and of no use after the course is over will not
be as eager to learn as those who take it more
personally. Therefore, throughout the course,
I strive to demonstrate relevance of subject
matier and use the excitement that insects
bring, both to my advantage and that of the
students.

1 begin the course by giving each student
her or his own cockroach to take home and
look after during the semester. These are not
your average cockroaches that are found at
home, but are large, slow moving Madagascar
hissing cockroaches. I have also come to a
reasonable understanding with the university
housing office, which is now used to the year-
ly invasion of animals that housing offices
usually fry to avoid, that these tropical cock-
roaches would never become established in
buildings as far north as Idaho. Along with
the insect, 1 give students a brief instruction
sheet on its general likes and dislikes and how
to tell which sex it is. They are first required
to fabricate an escape-proof living quarters
that provides it with food, water and the prop-

er temperature. After 2 weeks of observation,
they write a short paper on what they
observed, such as whether it liked bananas or
cereal, or when it was most active during the
day. The first portion of the course describes
the biology of insects in general, and T use
their cockroaches as a way of personalizing

nsects in the Classroom: Using the
‘Creating” Level of Cognition in Teaching

the information. Now that they have a living
thing at home that depends on them for ifs
survival, I believe the students are much more
likely to see the relevance of what is present-
ed. For example, when we discuss the molt-
ing process, there are usually several students
who have watched their specimen molt and
are thus able to contribuie very enthusiastical-
ly to the discussion. When we talk about tem-
perature preferences and adaptations to the
environment, students can always add their
personal observations to classroom activities.
They bring theijr cockroaches back at the end
of the semester but may keep them as pels
after the course is over if they like. Students
have come back after 5 years or more to tell
me they stilt have a pet cockroach at home.

I have always been fascinated by the feed-
ing behavior of insects. How is it that an ani-
mal with a brain about the size of a poppy
seed can distinguish different types of food?
Indeed, it’s very difficult to understand how
such a simple nervous system can give rise to
the complex behavior patterns that we
observe, and make decisions about whether
feeding behavior should be expressed. The
students have observed this themselves when
they see that their cockroach has certain likes
and dislikes; but we often tend to anthropo-
morphize, giving insects the same reasoning
powers as humans, sometimes thinking the
food preferences of insects are conscious. [
have used Hostess Twinkies, a classic exam-
ple of junk food, to illustrate that it’s not nec-
essary to have either intelligence or con-
sciousness to choose food. I give each stu-
dent their own Twinkie at the beginning of the
class period and tell them to try not to think
about their feeding decisions. Would it be
possible for an animal without consciousness
to take advantage of this food? I take the stu-
dents through the same steps that we believe
insects follow when recognizing food. We
begin with the outer cellophane wrapper
{rather obvious 0 us as a wrapper because we
kxnow what’s inside) and compare it to the
way we humans must appear to blood-sucking
insects: as a wrapper of skin-that encloses the

(Continued on page 11}
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¥ hat can we teach students that will
last a lifetime? Is it the content in
our curticulnm? Is it the technology
that we introduce? Or is it the leadership skills
we attempt to develop? While the answers
might vary, there is consensus that no educa-
tional effort is as paramount as feaching stu-
dents how to think. All you need to do is read
any educational report to find references making
strong arguments for developing in students the
ability to think, make decisions, and solve prob-
lems.

The issue of developing thinking skills has
been, and continues to be, a major concern for
all those who believe in its value, Today, fifteen
years after the landmark report A Nation ar Risk
(1983) noted our students’ inability to think, we
find ourselves asking the same questions we did
then. Why? Do we as teachers not know the
meaning of higher-order thinking (HOT)? Do
we as teachers not know how to teach higher-
order thinking skills? If we don’t, why not?
Are our teacher education units partly failing in
their mission? Or do we just not care?

Why should we as teachers care about devel-
oping higher-order thinking skills in our stu-
dents? Because as Bloom and his colleagues
(1956} suggested, as teachers we have the task
of preparing students for problems that cannot
be foreseen in advance, and what we can do is
help students develop the thinking skills that
will serve them well in

skills that all, if not most, schools g
skill as a major goal for the insfitiiti
Thiznking in the Classfdo

There are some who resist eﬂ’orts
the quality of higher-order thi in .
classroom. This resistance is in: part d
series of myths. According to:
some teachers believe that: 1) thm :

be taught, 2) some students are: naturall an
u*remedmbly dull, 3) the quahty of

about it, 4) others are teaching “thmkmg
is not an accountable responmbﬂl

influence of these myths. This shou]d no;
case. Teachers need not search far fo 1

teaching. Here are sorme possibilities,

Cooperative Learning

Cooperative learning has received
attention in the education literature. . Rightl
Tt is a structured teaching technique th
group investigation, peer teaching, and co
tion to encourage student learning., In addi
it teaches the importance of group
dividing the content and the learning pro
among members of the group so that individu
and the group, as a whole, are responsible f

future situations.

Higher-Order Thinking

Whether we call it criti-
cal thinking, creative think-
ing, problem solving, rea-
soning, decision making, or
any other term, the end is
the same—for students to be
conscious of, active in, and
responsible for their own

thinking and learning. This Problem_salving

reguires students to do more
than recall facts or “just”
understand concepts. Stu-
dents must actively engage

Critical Thinking

Creative | Thinking

in synthesizing and evaluat-
ing concepts and principles.
So imp ortant are thinkin g and evaluating concepts and
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Higher-Order Thinking Skills encourage students to actively engage in synthe

principles. {Figure courtesy of Roberi I

the learning. The key components of cooperative
jearning are positive interdependence, individual
accountability, group process, social skills, and
face-to-face interaction. For a more in-depth
explanation on the key components refer to the
article by Bruening (1990) in the September issue
of The Agricultural Education Magazine.

In structuring cooperative learning situations,
the teacher’s role involves these basic elements:
a) clearly specifying lesson objectives, b) placing
students in productive learning groups, c) clearly
explaining the cooperative goal structure, d)
monitoring students, e) giving specific assign-
ments to each student within a group, and f) eval-
uating performance (Love & Gloeckner, 1992},

Integrating Curriculum

So important is thinking as an outcome that
some educators would suggest teaching a sepa-
rate course on the topic. However, with a few
basic modifications to current practices, the
opportunity to integrate higher-order thinking
skills into the current cwrriculum may become
routine. How can we transform our current cur-
riculum in an effort to integrate higher-order
thinking skills in our teaching?

The transformation process involves:

a) restructuring student objectives to include
higher-order thinking skills, and ensuring that the
process of implementation follows the written
objective;

b} ensuring that assignments and homework
contain learning activities that appraise, argue,
assess, conclude, evaluate, judge, validate, and
weigh differing circumstances;

c) in addition to well-developed paper and
pencil tests, providing opportunities for various
forms of assessing student learning; and
d) challenging students to search out their
experiences and knowledge by asking effective

Teaching ngher-Order
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Cooperative Learning, integrating higher-order thinking skills info the
curriculum, and a more constant use of the problem-solving approach
to teaching are but a few means by which we can excel at teaching

higher-order thinking skills 10 our students.
{Figure courtesy af Robert Torres.)

oral questions during classroom discourse
through probing, and occasionally assuming a
“devil’s advocate” role.

However, it would be foolish to believe that
the said practices will occur tomorrow, when
instead, tomorrow is the starting point for an
effort that transcends time and content.

Problem Solving

Problem solving offers many opportunities for
developing and enhancing higher-order thinking
skills. From experiencing a provocative sitna-
tion, to defining the problem, followed by seek-
ing data and formulating possible soluticns, and
culminating with testing and evaluating the
results, problem solving provides an established
mode] for the development of higher-order think-
ing skills. This problem-solving approach to the
teaching model has been advocated in agricultur-
al education in various forms for the past 78
years.

The problem-solving approach to teaching
allows for the use of multiple methods and tech-
niques that can be used to promote higher-order
thinking in all phases of the agricultural educa-
tion program, H we as feachers utilize the prob-
lem-solving approach to teaching, our students
will become adept thinkers.

Summary

Do we as teachers know what higher-order
thinking is? Do we know how to teach higher-
order thinking skills? The answer to these ques-
tion is an absolute “yes.” When we view educa-
tion in a global context, agricultural education
classrooms provide a unique opportunity not
afforded to other teachers. Our content paturally
lends itself to using higher levels of thinking.

Cooperative learning, integrating higher-order
thinking skills into the current curriculum, and a
more constant use of the problem-solving
approach to teaching are but a few means by
which we can excel in teaching higher-order
thinking skills. However, the botiom line is this:
if we don’t embrace a personal teaching philoso-
phy that higher-order thinking skills are vital for
student success, then all is for naught. It may
well be thai we just don’t care.
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children were three years old. I vividly can

because my daughters always wanted to
know “why” at that age. Why did they need to
sit in their car seats, why the water went down
the drain, why you stopped when the light was
red, and even why the cows went to the woods
during the day. I am sure all of you can
remember these times through your children or
someone else’s, So, we tried to explain why,
as difficult as it might have been at times.

If you will, remember back to when your

What do we do in education at the sec-
ondary level? We typically forget to explain
“why”. We get hung-up on lecturing about
what happened when, and this is what you
need to do because that’s the way it is, or
because the research says so. When we dealt
with three year old’s, “because I told you so
and that’s the way it is”, did not work. I
believe it does net work with our teenagers
either.

In the Aungust, 1995 issue of The American
School Board Journal, Willard Daggett
expresses that at the turn of the century, our
educational system was based on the agricul-
tural society; it then moved to an industrial
system. In the industrial system, how did peo-
ple know when to report to work? Simple.
The whistle blew. How did they know when it
was time for lunch? Again the whistle blew.
How did they know what time to quit? The
whistle blew. What did you do if you had a
problem at your work station? You took the
problem to upper management and let them
solve it.

Now, move back to a workplace similar to
that of the 1800°s based on the agricultural
society. On the farm, you knew it was time to
get up when work needed to be done. You
knew it was time to stop -when the job was
done. Rather than doing one job, people on the
farm did everything. When there was a prob-
lem on the farm, what did the farmer do? He
did not go to the manager—he solved the
problem himself or with the help of neighbors.
Is this starting to sound familiar? It does to
me, It sounds like the workplace today. The
farmer was able to solve his own problems
because he was a student of the “why’s”.
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based educational system. Q
to be able to determine the wh
why, and how on their own:
accomplish this? I believe the. ang
ply teaching at a higher cogni
the problem-solving technique
abandon the technique of ro
today’s changing workplace and wit
gy changing daily, memorizing ta
dates, and page numbers i :
approach. Qur students must be able
new problems on their own using mett
learned in school. .

How do we teach problem
method of dealing with the wor
modeling. The problem-solving a
teaching is a simple model that is app
all classrooms and in all situations,
of our lives, we are continually:con
problems of varying difficulty an
in all areas of our lives. Problel
decision making begins when we
morning and continues until we |
night. However, we are not born wi
ity to solve problems or to !
The ability must be taught to us th
vation and involvement. In prol
the learner is aided to defing an
problem to find necessary informa
pret and analyze the problem, a
to be a divergent thinker. .

What are the results of usin
solving technique in the clas
properly, students will begin to. 1
their preschool ways of wantin
things happen the way they do
Yes, I believe it is. We need: to
students to develop their inquisitiv
instructor tells students that tl
date is May 1, the students
need to explore the concept of
teacher tells the class that we. W
muscling in the loin and rump i€
dents need to know why. If a_'S__t_u_dén
class that the lab cages need 10
daily, the teacher needs to ask the
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“Why?” can be such an annoying request,
but we must deal with it, and we must foster its
usage. How do we accomplish this, here are
some of the approaches I have observed.

» Use real life examples. It will be easier to
explore the why’s and how’s if students have

a direct relevancy to what is being discussed.

» Never leave an answer explained with

“hecause that’s the way it is”.

» Use the problem solving technique in all
teaching situations. This will prompt the stu-
dents to ideniify the problem and develop a
solution.

« Whenever you do any activity, either explain
to the students why they are doing the activi-
ty or have the students explain why they are
doing the activity.

« Develop a technique that best works for the
instructor, but avoid rote learning whenever
possible.

Robert Sylvester (1994), recommends that
schools focus more on metacognitive activities
that encourage students to talk about their emo-
tions, listen to their classmates’ feelings, and
think about the motivations of people who enter
their curricalar world. For example, the simple
use of “why” in a question turns the discussion
away from bare facts and toward motivations
and feelings.

Why examine the way you have always
taught? Because students entering your class-
rooms need to leave with the skills required to
solve the problems that have yet to be identified.
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Insects in the Classroom
{Continued from page 7}

blood, which is what the insects are really
after. 1 emphasize that the insect must have
evolved sensory receptors that will detect the
“wrapper”; just as blood-sucking insects are
attracted to emanations of carbon dioxide and
other odors from our skin. Other factors come
into play that cause the insect to continue feed-
ing once the wrapper is penetrated and the food
is sampled. To explain why some insects show
feeding preferences, we discuss the absolutely
shocking admission by some students that they
actually don’t like Twinkies. Over the course
of the hour, we slowly devour the Twinkie, just
as an insect might do.

Humans tend to overeat when faced with

large quantities of tasty food, even though we
know if’s not always good for us. Do insects
have the same problem in terminating their
feeding? Mosquitoes ingest huge blood meals,
often 5 times their empty weight. How do they
know it’s time to stop feeding before they eat
too much and burst? To demonstrate how the
termination of feeding might occur without
requiring consciousness, 1 show the students a
mosquito on a large screen TV as it feeds on
my arm under a microscope. It normally with-
draws its mouthparts from my skin when its
abdomen reaches a certain size. I then show
another mosquito in which the nerves that lead
to abdominal stretch receptors have been surgi-
cally cut. When these stretch receptors detect
too much distention, they send a message 1o
the brain that tells the mosquito to pull out.
However, in the surgically operated mosqui-
toes, this message never reaches the brain.
Before their eyes, students see the abdomen
greatly expand and finally burst. The mosquito
continues to feed and blood drips steadily from
its ruptured abdomen because the information
from these stretch receptors to the brain is
lacking.

Many insects recognize individuals of the
opposite sex for mating by the use of
pheromones, the chemical signals produced by
one individual that changes the behavior of
another, Other insects use visual or auditory
cues to identify potential mates. House fly
males recognize females first visually, by their
general shape, and secondarily by chemicals in
their integument. I demonstrate mating behav-
ior by the house fly in the classroom using
shoelaces. When tied tightly and the ends
clipped off, the small balls of knotted shoe
lace are visually appealing to males, but it is
only when these “pseudoflies” are treated with
simple extracts of females do the males
become stimulated and the beginnings of their
characteristic mating behavior. Similarly,
male mosquitoes respond to females by the
characteristic wing beat frequency she
employs during flight. When 1 insert a tuning
fork into a cage of male mosquitoes under a
video camera, I can show the entire class the
way they vigorously respond when the tuning
fork is set to the correct frequency.

It would be difficult to demonstrate any of
these phenomena in the classroom with any
other animal besides an insect. They provide
not only a way to show the responses of living
things in a biology course, but they can “push
buttons” in our students, generating a great
deal of enthusiasm and paving the way to pain-
less learning of some important biological
principles. |
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nyone can learn without thinking, i.e.,

rote memory. One can put the key in

' the lock and still not open the door
(mmd? to learning. It may require a change of
behavior to recognize learning has taken place
One rpust turn the knob for that door to open.
tbe mind and extend beyond one’s current posi-
tion. Learning is the result of the interrelation-

ships and action of the key, lock, and door knob
as one pl'OCSSS.

Learning, Learning Styles,
and Thinking Skills
Lfeaming is the gaining of knowledge, infor-

mation, comprehension, or skill, which is
reflected in action, processes, experience, or
behmliior modification. Developing and imi;)le-
menting an instructional system most appropri-
ate for each student to learn involves time and
effort. It requires thinking. Henry Ford is
quot(a('i as saying, “Thinking is the hardest work
?he're is, which is probably why so few engage
in 1t”.. Implementation of a system incorporat-
ing thinking skills into a teaching-learning sys-
temn dqes support the goals of education. Those
goals include impacting attitudes, increasing
knowledge, and improving skills, The learnin
styles of students and the teaching styles 0%
t'eachers m}ist be in agreement most of the time
for a maximum impact on attitudes, gain in
knowledge and improved skills.

Orfe of the main philosophies supporting
learning styles is that learning should be a
pleasant and successful experience for all stu-
dents. While the preferred learning styles of
students cannot be allowed to dominate all
other considerations, consideration for differ-
enc’es should be accommodated. If indeed
one’s perception, processing, decision-making
and blehavior are all unique to each individual,
then it is essential that the instructional plar;
and delivery address the uniqueness of learners.

Just as there are individual differences in
how one perceives and processes information
(learning styles), there are also different paths
paltterns, and orders in addressing thinkin,
skills. According to Harrison & Bramsoﬁ
(1982}, “Most people, most of the time, think
about- things in only one way. Some ;,)eople
occasionally use two ways of thinking. Very

than two ways. Each of us h

a limited set of thinking ;Sr;tgrife:’"
Beyond thinking, there is individis,
Based on the work and writings of ¢
(1983), at least seven kinds of intell;

knowp. These multiple intelligen
combination with one another, difj
qach person in the peculiarity 0% the
tions and in ways believed most c¢
for the person.

Th%nking skills are those ways use
learning meaningful in useful cont
r'andom information; often they q
tionalized as a path, a pattern, or
Solme of the many ways to describe
f;kﬂls %nciude: observing, questio'njﬁé
ing, fhvcrging, ordering, prioritizing; ¢fa
ing, identifying parts, experimenting,
ing, predicting, tinkering, explain'i':ng 51
rizing, synthesizing, and refocusing: ,'
McCanhy {1992), in her 4MAT System, est:
lished these ways (and more) of describ
thinking skills and organized them in
groups: focusing and generating skil
ing, orgam'zing, and analyzing skills
fixplormg, and problem-solving:s
}‘ntegrating and evaluating skills. Shy
Learning happens as one adds néwi
what one already knows. When 2 pe
something that connects something th
f)gmzed as an extension of present unde

ing, learning happens”. :

Learning styles is a generic term refe
to the way people engage in learning
refer to any number of differences:
People perceive and gain knowledg
tion); in the way people form ideas
(conceptualization); in the way people
form values (affect); and, in the way:
(behavior) (Loesch & Marienau, 1990
in McCarthy, 1992). Often, it refe t
ceiving and processing of informati
function which may be imbedded:
from fields of neurology and medi
c.hology, education, business, arts,
ties (brain dominance, personali
curriculum and instruction, leader:
agement, dance and movement an
ment). For years people have
labeled, and theorized about learnin

few people ever approach a situation in more
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the last decade the publications I¢
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to thinking and learning have escalated. Some
of the people whose work in theory, research
and applications are reflected in higher-order
learning include Jung, Myers-Briggs, Mok,
Keirsey and Bates, Witkin, Keefe, Gregorc,
Butler, Kolb, McCarthy, Barbs and Sassing,
Dunn and Dunn, Sherry, Bogan, Bruner,
Bateson, Gardner, Harrison and Bramsom.

Refiection, Thinking, Action,
and Application

Sirategies for enhancing the opportunity for

learning through reflection, thinking, action and
application may be no different from those prac-
ticed by the readers of this publication.
However, when used by teachers these strategies
are less deliberate than they might be if the per-
ception, process, and products were more thor-
oughly considered for each learner. Exercises
for determining learning styles of individuals
are available from the literature and commeycial
sources. The analysis of Jearning styles is an
attemnpt to identify how individuals learn more
easily and most efficiently. Some individuals
learn betier by listening, some by action, some
by printed word, and others by visualization.
Some need field independence, s0me field
dependence, some need to talk things out, some
want to know what experts think, some want 10
take immediate action, and others want {0
explore the possibilities. Some learners need to
have the teacher take the more active role
(direct) while others prefer the teacher to be less
active (facilitate or guide) in the learning
process. Concrete experiences provide more
opportunities for creative teaching and learning.
Abstract and conceptualization experiences
allow for the intellectual and organizational part
of teaching.

The relationship of what happens on the
street (informal, commumity) to what happens in
school (formal, rules and regulations) incorpo-
rates thinking and makes tearning meaningful.
Choices are often divided into four categories.
Perception, or cognition, may focus on ‘How do
I know,’ i.e., whole or part, idea or contexts,
abstractly or concretely, field dependent or inde-
pendent. Processing of information may focus
on ‘How do I think,’ i.e., connections or single-
ness, random of sequential, splitters or lumpers,
extrovert or introvert, privately understanding
concepisfexpericnces or thinking aloud or with
others. Motivation, judgment, yalues, and emo-
tional responses teflect on the affective domain
and may answer the question ‘How do 1 decide’,
i.e., internal or external motivations, please or
rebel, involved or neutral, low-key or emotion-

ally charged environment, content ot delivery.

in groups, reaction by situational or part ot
whole, random or systematic approach, structure.
or open ended, same or different environments.

Sample Implementation Strategies

Sample strategies are listed below to assist
teachers as they incorporate varied learning
styles into their instructional plans. Some
teachers may already have implemented similar
strategies, in whole or in part. Each teaching
strategy is offered only as a guide and is
designed to focus on a specific learning style
group. Keep in mind, however, that one cannot
ignore the level of the student when selecting
strategies appropriate for the learner.
Strategy: Discussion. Using the field of (or a
specific part of) agriculture as the base from
which to work, ask students o determine why
the curriculum is important 10 a segment of the
population, the couniry, ot the world. Ask stu-
dents individually to determine the most impor- I
tant concepts and topics t0 consider for study |
over a specified period of time and prepare a ||
reason to defend their choices. Follow with |
grouping of several individuals (random group
or group by learning style, if known) to discuss’
individual listings to reach a group consensus.

Combine groups as time allows until the
entire class is one group and the class agrees
(with sound reason) on the critical concepts. The

teacher is involved to assure appropriateness and l
sound thinking as the basis for reasons why the
students believe certain concepts are needed, It
has been said people cannot deny the learning if
they have said it is needed and they have been
part of the process. This activity does not mean
turning everything over to the student nor is it
the way to address every unit or a total program.
However, it does mean the teacher values the
individual and her/his interest or ideas, as well as
extending opportunities for those whose learning |
style requires an answer as to “why” one needs |
to know certain information.

Strategy:

process. One must be able to understand the

process the parts of the passage to the whole.
This reflects on how one analyzes, how one
thinks, and the incorporation of both left- and
right-modes into whole brain action. The brain
is a system which works all together and always
in relationship (McCarthy, 1993). This activity
provides the student with information related to
the concept, and emphasizes the most signifi-

Outlining. Individuals will engage i
both 1efi- and right-mode thinking in the |}

whole passage to be outlined in order to break it |
into parts of the total outline, as well as to |

cant aspects of the concept in an organized,
organic manner. It draws attention to important,

Incorporated into the cognitive, conceptual, and
affective patierns are found behaviors or ‘How
do I act’, i.e., reflective or active, work alone or
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discrete details. The teacher is involved to
ensure that the important information is gained
from the text or other materials. g
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Strategy: Doing, Using whatever materials
available (pieces or scraps will do), give students
the task of making an address marker for where
they live. A reasonable time frame should be
established for the completion of the project and
allow students to discuss ideas (none are right or
wrong, good or bad). Without specifying
specifics of what it should look like when it is fin-
ished, allow students to create their own design,
do the constraction of the marker, and evaluate it.
Students could log their activity and write the
specifications, methodologies, problems and
short-cuts, as well as significance of the creation
for the individual, This opportunity focuses on
whole-brain learning and the application of
knowledge to skill development and it reflects the
affective domain as it determines behavioral out-
comes. It provides hands-on activity for practice
and mastery as it encourages and provides for tin-
kering with ideas, relafionships, and connections.
The teacher can bring closure through discussion
and asking students to refocus the process to
another application,

Strategy: Problem Solving, Based on a set of
established criteria (for sightseeing or to save time
or to avoid traffic), consider the concept of travel-
ing from ‘X’ city to ‘Y’ city. Students determine
the “X” and *Y”, consider related facts, map the
route, and evaluate all the ways to make the trip.
Apply this concept to an exercise of problem soly-
ing from your currtculum, i.e., electronic circuitry,
house design, or feeds for a specific animal. This
activity allows the individual to use their personal
thinking style to arrive at the same destination. It
then gives each individual an opportunity to share
their paths so others may know of differences and
honor their style. It encourages students to share
their perceptions and beliefs. This experience
begins with a situation that is familiar to students
and builds on what they already know with the
teacher guiding students to reflection and analysis
of the experience.

Strategy: Possibility Thinking. Use an object
from the learning laboratories of agriculture and
ask students to extend its use beyond the original
purpose. They could interpret/translate the item
into an art form, communication tool, musical
instrument, etc., using available materials (wood,
plastic, metals, glass, etc.). Ask students to give it
a name and display their creations for others to
view, This kind of activity engages an apprecia-
tion of ‘another way to view’ what may seem
very literal, very ‘one way’ to others, It is another
way of knowing, using different kinds of intelli-
gence and creativity. It transforms the concept
into an image or experience and provides a
metaview, lifting students into a wider view of the
concept,

“Children know how to learn in more ways
than we know how to teach them.” (Ronald
Edmunds, ASCD poster). A teacher can address
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all the Jearning and thinking styles of studem
quick check is made in the instructional del

plan to determine if four questions are agg

FEATURE ARTICLE

regarding that which is to be learned. T,
tions are why or why not (give them 3’
what (facts: teach it to them), how does thj
(action: let them try it), and what can this b
or what can I make of this (let them e
themselves and someone else) (McCanhy 198
Thorean has been quoted as saying “Tf a does
not keep pace with his companions, perhaps
because he hears a different drommer: T
step to the music he hears, however meag
far away.” Sense, reflect, think, and a¢t o ace
maodate all learners so that it is a win-win’ si
for learners and teachers, for schools and 6
nities, near and far.

Is there a relationship between thmkmg
and learning styles? Without doubt! Ty
key placed in the opening and the turning of
knob must be in harmony for the door to 6
it is with the learning and thinking skills of
dents and teachers in a positive learnin
ment. Each person needs to “shine” at least
of the time.
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or the past decade, agricultural educa-

tion has responded to various legislative

and political agendas. These agendas
surfaced as a result of several reports on the
status of education in the United States.
Starting with A Nation at Rigk: The Imperative
for Educational Reform published by the
National Commission on Excellence in
Education {1983), several other significant
reports followed in the mid and late 1980s,
including Science for All Americans: A Project
2061 Report (American Asscciation for the
Advancement of Science, 1989), Biological
and Health Sciences: A Project 2061 Report
(American Association for the Advancement of
Science, 1989), High School: A Report on
Secondary Education in American (Boyer,
1983), and Understanding Agriculture: New
Directions for_Education (National Research
Council, 1988).

These reports pointed out that science
instruction in our schools needed strengthening
and that our high school graduates were lag-
ging in scientific literacy. Subsequently, sci-
ence content is being strengihened in many of
our high school agriscience programs.

More recently, the Carl D. Perkins Applied
Technology Act (1990) promoted the integra-
tion of academic and vocational education and
the new vocational education legislation, tenta-
tively titled the Carl D. Perkins Career
Preparation Education Reform Act of 1995
(also know as the U.S, Senate’s Workforce
Development Act by Nancy Kasselbaum},
which also mandates that programs supported
by the new law must give priority to integrat-
ing academic and vocational instruction.

Interest From Science Teachers

Science education is working hard to mod-
ernize their curricula. Although they probably
wouldn’t use this terminology, much of the
carrent thrust is aimed at installing traditional
agriscience education principles into science
curricula. For example, a recent article by
Joseph Krajcik titled “Learning Science by
Doing Science” may sound very familiar to the
“Learning by Doing” philosophy espoused by
agriscience education throughout this century.
in this article, Krajcik promotes what he calls
project-based science, which has been known
as the project method in agriscience education,

he Agriscience Connections Institute

and which indicates that it “ . . . allows stu-
dents to learn science by doing science and, as
a consequernce, actively construct their under-
standing of science by working with and using
their ideas” (p. 54).

“The connection to agriscience education is
obvious. Science teachers are now very inter-
ested in teaching science in a format that
emphasizes the applications of science in the
real world. The funding of the project
described later in this article is also proof of
this assertion.

Why Work with Academic Teachers

There are several reasons why agriscience
teachers shounld consider working with science,
math, English, and other teachers to integrate
academic and vocational education. First, this
integration permits teachers to share scarce
resources, which makes them “stretch a little
farther” and ultimately improve the quality of
education for all stadents. Second, this part-
nership with academic teachers can also serve
as a powerful public relations and recruiting
tool for agriscience programs.

Third, and probably most important, this
integration can result in the strengthening of
agriscience instruction because academic
teachers could teach more of the foundations
now being taught by agriscience teachers. If
some of the content currently tanght in agri-
science classes could be taught in academic
classes, this would allow agriscience teachers
to teach at a more advanced content level.

Where Do We Star{

With regard to integration of academic and
vocational education, Bettina Lankard (1994)
wrote that, “No matter how enthusiastic and
committed teachers are to the concept of acad-
emic and vocational integration, their success
demands that they acquire new skills and
expand their knowledge to include information
across the disciplines” {p. 1). Certainly, teach-
ers cannot teach what they do not know. If we
expect academic teachers to provide founda-
tional instruction for agriscience students, then
they must have some fundamental understand-
ing of the academics needed in agriscience
education.

One Solution
Two projects are currently under way in —
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Louisiana: one, the Agriscience Connections
Institute, is located at Louisiana State University
(LSU), and another similar project is under way
at Northeast Louisiana University (NLU).
Although this article will address the project at
LSU, the project at NLU is very similar.

The Agriscience Connections Institate (ACI)

The ACI at Louisiana State University
involves academic and agricultural scientists,
parish school system personnel, and industry
personnel. The purpose of the project is to help
high school teachers strengthen their instruction
related to contemporary themes in life sciences
instruction. There are three phases in the pro-
ject serving 20 high school and middle school
biology and environmental science teachers.

Phase [.

Phase I provided a three-week summer
course which emphasized teaching methods, the
use of educational technology, and the develop-
ment of instructional materials by the teachers
to be used in their classrooms. The materials
developed by the teachers will be tested and
redesigned during the following academic
school year.

Ten university faculty members provided
technical and applied information related to
their particular fields during a workshop and
course conducted in June, 1995, Topics in the
summer course included: Introduction to Fast
Plants; Bottle Biology Basics; Genetic
Manipulation; Electrophoretics; Interde-
pendency and Interactivity of Ecological,
Technological and Sociocultural Systems; High-
Tech Agriculture’s Role in Future Food
Production; Role of Food Animals in an Ever
Changing World; Urban Forestry; Insect
Diversity and Interaction with the Environment;

Careers in Agriscience; and Instructional

Planning. Faculty members provided useful
activities that the teachers could use in their
classrooms. Examples of how to substitute or
scale down projects and experiments using inex-
pensive materials were also demonstrated or
explained.

Field trips gave the participants opportunities
for hands-on activities, allowed them (o see
firsthand technical agriculture resources that
were available to them, as well as ongoing
research and innovations in the area of agri-
science. Three research centers were visited:
(1) The LSU Rice Experiment Station which is
the world leader in the conduct of research in
rice genetic engineering and has a foundation
seed program; (2) the LSU Embryo Engineering
Laboratory which has pioneered and replicated
many innovative procedures in embryo splitting
and genetic manipulation technology; and (3)
The LSU Aquaculture Laboratory where fish-
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~4 ince 1965, researchers from the
m, Agricultaral Education Division of the
b 5 American Vocational Association have
conducted an annuval National Survey of the
Supply and Demand for Teachers of
Agricultural Education in the United States.
The annual studies were conducted from 1965
until 1973 by Dr. Ralph Woodin, initially of
the Ohio State University and later from the
University of Tennessee, Knoxville. The study
was continued by Dr. David Craig of the
University of Tennessee from 1974 until 1984.
Since 1985, Dr. William G. Camp from
Virginia Tech has conducted the study except
for 2 years when Dr. 1. Dale Oliver, also of
Virginia Tech, was responsible for the research.

This is the fifth in a series of reports to the
profession on the results of the annual supply
and demand study. For more details about the
background of this ongoing study, and on the
sources of the data, see the first article in this
series, in the May, 1995 issue of The

Agricultural Education Magazine.

Types of Teaching Positions

There were 10,119 teachers of Agricultural
Education in the United States in September,
1993, An examination of the table below,
reveals that the vast majority of those teachers
worked exclusively in high school programs {n
= 7,878). Most of the remaining teachers (n =
1,125) taught in combination high school and
junior high or middie school settings. When
the smal! nuntber of teachers reported as teach-
ing in two separate schools (n = 200) is consid-
ered, it appears that most of the “combination”
teachers must be on adjacent or single campus-
es. Most teachers were in single-teacher
departments (n = 5,753). Based on the find-
ings of this study, a typical Agricultural
Education teacher in the United States works
in a general or comprehensive high school, in a
single-teacher department, and has no adult or
Young Farmer responsibilities, B

Numbers of Agricultural Education Teachers by Grade Level and
Department Slzes on September 1,1993°

882 4,062 841 7,878

High school only 2,003

Junior high or middle

school only 6 12 287 11 316
Combination high

school and junior high

or middle school 581 62 334 148 1,125
Adult and/or Young

Farmer only 52 36 100 0 188

Grade level not reported

Teachers w1th at least
some adult and/or Young
Farmer responsibilities

Teachers teaching in more
than one school

EX 2,804

74 2,395

Singlo teachor dept. . 1943 685
Multi teacher dept. 773 563 1,869 315 3,521
Dept. size not reported 320

aActual reported numbers included fractions since some teachers are employed part time. The data reported
here are rounded off to whole numbers for ease in interpretation.
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Yimes are changing, people are chang-
ing, and agricultural education is

i changing. However, the problem-solv-
ing method used to teach agriculture is not
changing as it should. Problem solving
involves the evaluation of information by stu-
dents to equip them in solving problems.
Newcomb, et. al, demonstrates this when he
states:

Consider the fact that every
day people learn on their own,
without the presence of teachers.
How is it that people go about
learning on their own? What
process do people follow daily
as they encounter problems,
questions, or obstacles that
require them to think, ponder
and study in order to solve the
problems confronting them
(65)?
Problem solving has long been advocated as
a traditional method in agricultural education,
whereas other disciplines are realizing how
advantageous it can be to teach problem-solv-
ing techniques. In agricultural education it’s
essential to learn how to solve problems due to
new trends and technological advances. A
teacher could teach students how to run a com-
puter program, but by the end of the school
year, that same program may be obsolete. 1If
the students had previously learned how to
solve problems, the basic steps to run a soft-
ware program wouldn’t be as difficult. For a
student who never learned problem-solving,
running the same software could become much
more complex. The student may even lag sig-
nificantly behind others in technological
advances.

In today’s agricultural education depart-
ments, the problem-solving approach should
continue to be advocated as an crucial method
of teaching. Trends in agriculture change
rapidly and cannot always be taught individo-
ally; thus this method has many advantages
over other methods of teaching and the prob-
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tends to improve learning. As Newcomb, et. al,
states, “...students should ‘inquire into’ rather
than be ‘instructed in’ the subject matter” (71).
Thus, learning can be maximized to its fullest
potential (Newcomb, 71).

113

Other methods of teaching, such as question-
ing and memorization, are not as effective as
problem solving. While questioning could lead
to problem solving, it may only ask for an
answer and fail to probe for solutions to prob-
lems. Memorization merely require regurgitat-
ing information, thus leaving students
unequipped to deal with varying situations.
Problem solving ensures the students will not
have inadequate responses to problems because
it enables students to adjust their solutions to the
problems by using various steps. Some steps
suggested by Straquadine are experiencing a
provocative situation, defining the problem,
seeking data and information, formulating possi-
ble solutions, testing proposed selutions, and
evaluating the results (22).

Problem solving encourages a higher level of
thinking because students actually have to apply
what they’ve learned rather than just answer
basic questions. This method allows thinking
beyond the knowledge level of the cognitive
domain.

Life involves many problems, from deciding
what to wear, buying a car, or determining the
answer to a complex problem. Furthermore, to
become successful individuals and leaders, stu-
dents need to solve problems while they
progress through life. Therefore problem solv-
ing is an effective method, not only in agricul-
ture, but in life and should continue to be taught.
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Institute
(Continued from page 16)

developed as a part of this program and provide
teachers an opportunity to model techniques of
teaching. The students will also participate in
sessions that broaden their knowledge of career
possibilities in science, particularly as it applies
to agriculture, and to enxich their science aware-
ness.

As a part of Phase II1, all’ instructional mate-
rials developed by the teachers will be collated
into a teaching resource. Each participating
teacher will receive a copy of the completed and
tested instructional materials. Additional copies
of the materials will be provided to the state
resources information center and will be avail-
able for loan to other teachers in the state. Hach
set of instructional materials will incorporate
appropriate student achievement assessment
techniques. These assessment techniques will
emphasize evatuation of learning for improve-
ment and additional learning, rather than termi-
nal determination of aitainment. These forma-
tive assessment technigues will continue to be
demonstrated to teachers in the Phase III sum-
mer course.

Where To From Here?

This project has the potential to elevate the
level of science-based instruction in Louisiana’s
agriscience education programs. The next step
will be to encourage agriscience teachers to seek
opportunities to forge partnerships with science
teachers in their schools. The nice thing about
this effort is that everyone—agtiscience and sci-
ence teachers and their students—truly can be
winners!
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lonitoring the Plant Environmeni:
Electronic Instrumentation Learnin,

Introduction

lectronic instramentation is the process

of measuring phenomena electronically.

Agricultural applications of electronic
instrumentation are virtually limitless, ranging
from planter monitors to global positioning
systems and from digital weight scales to
machine vision systems. Because of the wide-
spread and growing use of electronic instru-
mentation in agriculture, students should be
provided with learning experiences that teach
basic principles and applications of these elec-
tronic devices.

Purpose

This article describes a classroom activity
that allows students to learn basic principles of-
_electronic instrumentation by building instru-
mentation modules that monitor the plant
growth environment (Figure 1). Specifically,
the instrumentation modules measure relative
temperature, light intensity, and soil moisture
and then represents these values as readings on
a digital multimeter (DMM). Circuit schemai-
ics and operating principles for each instru-
mentation module are described., Finally, cir-
cuit assembly methods are briefly discussed.

s
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Figure 1. Instrumentation for Monitoring the Plant Environment

primary environmental factors: affectin
growth. In artificial environments
greenhouses), these factors are care
tored using sophisticated electronic:
tation devices. The three modules dese;
this section, while less sophisticated th
mercial devices, should help students
stand the basic principles of electr
mentation. S
Temperature

The temperature instrumentation

a voltage divider circuit built around:
tor and a 10,000 ohm (10K) potenti
thermistor is an electronic device
electrical resistance that varies inver
temperature (resistance increas
decrease in temperature; resistan
with an increase in temperatu

cuit is shown in Figure 2.
As shown here in Figure 2, the

Potientiometer (10K)

6v

T Thermistor

DMM set
for DC voltage
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re In ntation Circuit.

loads (thermistor and potentiometer) are con-
nected in a series. The circuit {(source) voltage
is supplied by a 6 volt battery. The DMM is set
to read Direct Current (DC) voltage, and the
meter leads are connected across the terminals
of the potentiometer.

According to Kirchoff’s Voltage Law, the
sum of the voltage drops in a series circuit will
be equal to the source voltage. Furthermore, the
voltage drop across each load in a sexies circuit
will be directly proportional to the load’s resis-
tance. )

Kirchoff’s Voliage Law explains how the
temperature instrumentation circuit works. As
temperature increases, the resistance of the ther-
mistor decreases. This, the voltage dropped
across the thermistor also decreases (since the
voltage drop across a load is proportional to the
load’s resistance). Since the sum of the voltage
drops in the circuit must be equal to the source

voltage, the voltage drop across the potentiome-
ter must increase as the voltage drop across the
thermistor decreases. Since the DMM is set to
measure the voltage across the potentiometer, an
increase in temperature is digitally displayed as
an increased voltage reading on the meter.

Lighting Intensity

The light intensity instrumentation module is
also a voltage divider circuit. The circuit is built
around a cadmium sulfide photocéll and a 10K
potentiometer. A photocell is an electronic
device having a resistance that varies in inverse
proportion to light infensity (resistance increases
as light intensity decreases; resistance decreases
as light intensity increases). Figure 3 is a
schematic drawing of the light intensity instru-
mentation circuit.

As shown in Figure 3, the light intensity
module uses the same basic circuit as does the
temperature module, except that the thermistor
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is replaced by a photocell. As before, the source
voltage is supplied by a 6 volt battery and the
DMM is connected to measure the voltage
across the potentiometer.

As light intensity increases, the resistance of
the photocell decreases. this decreased resis-
tance reduces the voltage dropped across the
photocell. Thus, according to Kirchoff’s
Yoltagt: Law, the voltage drop across the poten-
tiometer must increase. Since the DMM is set
to measure the voltage across the potentiometer,
an increase in light intensity is displayed as an
increased voltage reading on the meter,

Soil Moisture
‘ The circuit schematic for the soil moisture
instrumentation module is shown in Figure 4.
The circuit contains a fixed resistor (sized to
limit maximum current flow to slightly less than
the meter’s capacity), a 10K potentiometer,and a
DMM (set to measure DC amperage). The posi-

tive terminal of the 6 volt battery is cﬁnn"
through the fixed resistor and the poteii ;
to the positive lead of the DMM. The ﬁom
lead of the DMM serves as one soil prob
the second soil probe consists of a separat,
connected to the negative terminal of
tery. Placement of the two probes inih
completed the electrical circuit, '

The coperation of the soil moisture
based on Ohm’s Law, According to Ohm
the amount of current flow (amperage)
a circuit is determines by the total resist Ci
the circuit (Amperage = Voltage / Resi :
In this circuit, the total resistance is tk
{-he resistances of the fixed resistor, s Pot
tiometer, and of the soil between the twe i

As the water content of a soil incréa'
soil’s electrical resistance decreases
potentiometer’s resistance remaing conse
total circuit resistance will decreage’

Potientiometer (10K)

Photocell

-T—_:—

Fixed resistor

__/\/\/\ﬁ

Potientiometer (10K)

DMM set for
DC current

NV WV
Soil Probes

DMM set
for DC voltag

Figure 3. Light Intensity Instrumentation Circuyit.
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4. Soil Moisture Instrumentation Circuit.

moisture increases. Since current flow in
inversely related to resistance the current flow
through the circuit will increase as soil moisture
increases. Thus, and increase in soil moisture is
displayed as an increased amperage reading on
the DMM.

Circuit Assembly

The circuits described in this article are easy
to assemble using any one of three methods.
The fist method is to simply make the circuit
connections using insulated leads fitted with
alligator clip connectors. This method has the
advantage of allowing students to sec the actual
wiring connections. The second method is to
use inexpensive breadboards with plug-in sock-
ets to assemble the circuits. While the actual
wiring connections will be less visible, this
assemble method is neater than the first method.
Finally, if permanent versions of the circuits are
desired, students can make the necessary con-
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nections and solder the components to a circuit
board.
Summary
Electronic instrumentation devices are wide-

Iy used in the agriculiural industry. Agricultural

educators should provide their students with
active, hands-on learning experiences that teach
the basic principles and applications of this
technology. If students have an understanding
of these basics, they will be in the position to
adapt to new developments in this rapidly
emerging field. Hopefully, the learning activity
described in this article will assist teachers with
this important task.
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NEWS RELEASE

Kansas City, Missouri—Ten of the nation’s top
student agricultural entreprenewrs received $1,000
awards in recognition of their entrepreneurial
accomplishments. The students were recognized
during the National Agri-Entrepreneurship

- Education Development Forum held recently in

Kansas City, Missourd, in conjunction with the
68th National FFA Convention.

During the forum, participants heard from
several agriculture and entreprencurial leaders.
Mike Jackson, president and owner of Agri
Business Group, Inc., of Indianapolis, moderated
the event and provided entrepreneurial insight.
Jackson focused his opening remarks on the
changing picture of American business,

“We often tend to think about the creation of
jobs as something that only large corporations can
do. When, in fact, 75 percent of the American
labor force works in companies with fewer than
100 employees. Fully 60 percent of Americans
work for companies with fewer than 20 employ-
ees, Jackson explained. “In 1995, Americans start-
ed three million companies, the vast majority of
which had fewer than 20 employees.
Entreprencurship is the engine that drives our
economy.”

Bob Rogers, chairman and chief executive offi-
cer of the Ewing Marion Kauffman Foundation in
Kansas City, the program’s primary sponsor,
echoed Jackson’s remarks. “Entrepreneurship is
the key to wealth and job creation in our country,”
Rogers told forum participants. “Tt is critically
important to develop entrepreneurial skills and
mindsets early in life. I salute your efforts and
entreprencurial endeavors.”

Forum attendees also heard from Richard Lugar,
U.S. Senator from Indiana and presidential candi-
date; Harry Cleberg, president and chief execulive
officer of Farmland Industries, Inc., Kansas City,
Missouri; Mark Williams, president and owner of
Mark’s Landscaping, Inc., Oviedo, Florida; Larry
Case, coordinator of agriculture and rural educa-
tion, U.S. Department of Education, Washington,
D.C.; and W. Bruce Crain, director of the

Alternative Agricultural Research and .

Commercialization Center, U.S. Department of
Agriculture, Washington, D.C. '

The National Agri-Entrepreneur Award Program
recognizes students who start their own businesses
and encourages students to cd‘n\sider careers as
employers instead of employees~To qualify for
national recognition, each student’s application
had to be accompanied by a chapter application
containing his or her instructor’s entrepreneurship
teaching strategies. Each of the top ten chapters
also received a National Agri-Entrepreneur Award
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~and $1,000. The winning studenis and cha

ters e
as follows: plers gre

Student Advisor
School

Paul Baker Joe Cosenting
Sanger High School, Sanger, CA
Michael Case " Brenda Smith

Norborne R-VII High School, Norborne, Mo
Johnathan Clough Richard Schmidig
Linden High School, Linden, CA

Chuck Hayslip J. Corbett Phipps
Chio Valley Vocational School, West Union, QK
Michael Jackson Keith Kolpack
Barron High School, Barron, WI

Michael McIntyre Bud Postma
Madison High School, Madison, SD

Charles Pearce Lisa Mullen

Big Foot Union High School, Walworth, W1
Nathan Shaffer Channing Stowell
Smith Center High School, Smith Center, KS

Chris Stephens Mike Stephens
Chickasha High School, Chickasha, OK
Jere Stewart Shawn Dygert

Kuna High School, Kuna, 1>

The forum was part of the Agri-
Entreprencurship Education Program which is |
sponsored by the Ceater for Entreprencurial |
Leadership Inc. of the Ewing Marion Kauffman |
Foundation in Kansas City, Missouri. Agri-entre- -
preneurship is a new initiative for agricultural edu- :
cation and is one of the profession’s top priorities.
The National Agri-Enireprencurship Education .
Development Foram was conducted as a joinl :
activity of the Center for Euntrepreneurial
Leadership, the National Council for Agricultural
Education, the National Vocational Agriculture
Teachers’ Association, the National FFA
Organization, the National FFA Alamni
Association, the National FFA Foundation and the :
U.S. Department of Education. :

The Ewing Marion Kauffman Foundation’s
vigion is self-sufficient people in healthy commi-
nities. To accomplish this vision, the Foundation
operates programs and provides grants in entrepre- .
neurship education, entrepreneurship training and |
youth development. The Foundation develops col-
laborative relationships with other organizations 10 |
work toward common goals. Due to agriculturel |
education’s long-standing focus on youth develop- *

 ment, self-sufficiency and its Kansas City hetitage,
the partnership is a natural.

Established in 1984 and representing the entire |
agricultoral education community, the Natiorllfl] ;
Council for Agricultural Education fosters creatlve
and innovative leadership for the improvement and
further development of agricultural education.
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