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Abstract

The purpose of this research was to determine educational benefits, mathematics and science skills,
life skills, and the future of aquaculture as perceived by agriculture students in 12 northeastern states.
Respondents (N= 60) profoundly believed in their aquaculture programs because of the hands-on learning
environmentprovided by such programs. Sudentsfound their aquaculture programs exciting, challenging,
and fin. The process of learning scientific and mathematical concepts transcended age groups and
geographic origination, especially for topics relating to chemistry and biology. Additional skills gained
included problem solving, teamwork, responsibility, communication and leadership. Respondents viewed
the care andmaintenance of an aquaculture system asparamount to the success of an aquacultureprogram.
Northeastern agriculture students were adamant in their belief thatpeople (adults andyouth) external to
an aquaculture education program were not aware of and/or did not care about the educational benefits
derived from such a program. Respondents stated that the aquaculture program was one of the best
educational experiences they had acquired in high school, yet they did not have aspirations of working in
the aquaculture industry. Respondents believed that increased collaboration between high school teachers
and/or school districts will lead to an increase in aquaculture education program enrollments.

I ntroduction billion), and wild fish caught (81 million metric
tonglyear), a congderable shortfal will be evident
Aquaculture can be consdered as the aguatic in the total world supply of fishery products. Will
complement to agriculture. Specificdly, it is the the aquaculture industry acquire sufficdent
husbandry of fish and/or other aguatic speciesin a personnel with adequate mathematics and
controlled environment (Bardach et d., 1972 scientific skills needed to perform the tasks in
Lovdl, 1979; Shdl, 1983; Lindsay, 1985; Molnar aquaculture production?
et a., 1987). Molnar reported that the world catch
of fish was goproximaidly 4 million metric tons in Given the likdihood thet globd supplies of
1900. Improved technologies helped increase this wild agutic plants and animas will not meet
totad to 20 million metric tons by 193 0 and over 70 expected demands by the year 2000, state and
million metric tons by 1970. Currently, the tota federd entities have increased ther support to
world supply of fish caught has increased to over advance the science of producing aguatic plants
97 million metric tons during the year 199 1 (MSU and animds in a controlled setting. At the most
Aquaculture Center, 1994). It is estimated that basic level of successful aguaculture production is
future world demand and consumption of fish will the scientific and mathematical knowledge, as well
necesstate a supply of approximately 115 million as technological skills, needed to produce repested
metric tons by the year 2000 (Stickney, 1994). crops of marketable aquatic products. Anecdotal
Based on the annua globa per capita consumption evidence exigs daming the inherent vaue and
(184 pounds), population increases (over 6 benefits of incorporating and/or developing
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“dand-done” aquaculture curricula for an
agricultural education program at the secondary
school level. This evidence was derived from
agriculture teachers perspectives, but did not
include agriculture students perspectives (Conroy
& Peadey, 1997).

Review of Literature

Current and future demands of aguatic animas
and plants have been determined to exceed the
supplies avalable through traditiond harvesting
techniques employed by the world's fishing
industry. It is expected that aguaculture, the
practice of producing aquatic animas and plants,
will become a mgor globd industry in the 21*
century (McCraren, 1994). Due to expected
supply shortages, aquaculture is consdered to be
one of the fastest growing indudtries in the U.S.
agriculturd  sector.  Although fishing and fish
faming have been practiced since prehistoric
times, the modern aguaculture industry is only
beginning to develop as a globa economic force.
As such, the USDA has financidly supported this
growing industry with favorable policies since the
Farm Bill of 1978.

The potentid for increased job opportunities,
rurdl development, and economic growth in the
aquaculture industry has increased the awareness
and teaching of aguaculture in secondary schools.
In 198 1, the Cdifornia Aquaculture Association
cdled for qudified [aguaculturd] workers who
were not college graduates;, the contention was
that aguaculture is labor intensve and that college
graduates tend to be more interested in problem
solving than in labor (Lindsay, 1985). It was not
known how many secondary schools were
teaching aquaculture or what types of skills were
being learned during the early 1980's. More
recently, the Nationa Council for Agriculturd
Education (1994) reported that after one year of
teding an agueculture curricllum a sSx high
schools, there was a 400% increase in student
envrollment for aguaculture classes during the
1992- 1993 school year. Additiondly, it was found
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the pilot aguaculture  courses  attracted
nontraditional students of agriculture, women, and
minorities.

El-Ghamrini  (1996) dated that aguaculture
education in U.S. high schools has a very short
history. A lack of documented research
subgtantiates this clam as no studies were found
that described the benefits of aquaculture
education as perceived by agriculture students.
Conroy and Peadey encountered a Smilar Stuation
while researching the literature for ther report on
the “Nationd Aquaculture Curriculum” to the
Nationd Council for Agriculturd Education.
Higtorical accounts suggest more effort has been
exerted in establishing research and education at
the postsecondary leve, than has been evident a
the secondary school leve.

Aquaculture education programs at the
secondary school level integrate math and science
concepts and provide hands-on practical
experiences that complement theory (Conroy &
Peadey, 1997). Mooring and Hoyle (1994; quoted
in Com-oy & Peadey, 1997) reported that one
aquaculture program in North Carolina used
chemigry, biology, and mah in an integrated
manner with ther closed recirculation system,
pond, and caged pond production methods. Also,
Conroy and Peasley reported that although
aguaculture programs can be codtly, less-expensve
aternatives have been explored and developed by
agriscience teachers,

Dr. Garrison conducted a mail survey (1995;
guoted in Conroy & Peasley, 1997) of all
agricultural education supervisors for the 50 states
and two territories. A total of 33 states and Guam
were represented in the results. Respondents
answered four open-ended questions that assessed
the: 1) number of secondary programs offering a
unit of aguaculture education; 2) number of
Sudents enrolled in the programs, 3) number of
teachers who have attended aguaculture-related
workshops, and 4) exisent industry support for
aquaculture programming at the secondary school
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levd.

Results from the Garrison survey reveded tha
941 programs across the country offered units of
aquaculture ingruction providing 53,419 students
with the opportunity to experience the curriculum
either through agriculture or science course work.
Survey participants indicated that approximately
1,278 teachers had participated in an aquaculture
seminar or workshop during the years 1993 to
1995. A tota of 21 state supervisors responded
that aguaculture industry support was evident at
the secondary school level in ther respective
dates. Support was identified as contributions
from date divisons of wildlife resources, land-
grant universties, various commodity associations,
and others.

El-Ghamrini  identified potentid barriers to
maintaining an aguaculture program, as perceived
by agriculture teachers (n=141) in the North
centra region. The barriers included taking care of
fish on weekends and holidays, facility limitations,
low teacher knowledge, high equipment cogts,
limited adminigtrative support, and the possbility
of falure. Respondents rated the importance of
instructional units for providing a quality
aquaculture education program. The highest
ranked topics were water qudlity, aguaculture
management, fish nutrition, fish marketing, fish
biology, fish diseases, and fish ecology.

A preiminary review of related research and
literature produced a noticesble void of studies
that had investigated the students perceptions of
the educationa benefits, math and science kills,
life Kills, or future of aguaculture education in a
secondary agricultural education program. A need
exised for research that identified the educationd
benefits, mathematica and scientific benefits, and
life skills attained by students who studied
aquaculture.

Purpose and Objectives

The purpose of this research was to determine
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the educational benefits, math and science Kills,
life skills, and future of aquaculture as perceived
by agriculture students in Connecticut, Delaware,
Maryland, Massachusetts, New Hampshire, New
Jersey, New York, Pennsylvania, Rhode Idand,
Vermont, and West Virginia. The research
objectives were.

1. Assess demographics of northeastern
agriculture sudents studying aguaculture.

2. Deermine math and science skills gained from
sudying aguaculture.

3. Examine life skills gained from studying
aquaculture.

4. Determine sdected sudents bdiefs about the

future of aguaculture programs.
Methods and Procedures

As pat of alarger study, data were collected
usng dstructured interview methodology and an
emergent desgn. The advantage in usng this
methodology was the accumulaion of actud
responses from students who had primary
knowledge of the benefits derived from enrollment
in an aguaculture class. The emergent desgn
dlows for the development of the quditative
research design as the inquiry progresses (Borg &
Gdll, 1989).

The target population conssted of students in
a secondary agricultural education program in the
northeastern region that included an aguaculture
component in the tota curricullum during 1996-
1997. Schools names and addresses were
obtained from inquiry letters, dectronic mail, and
telephone conversations with state supervisors of
agricultural education, teacher educators, and State
aquaculture specidigs. From these communiques,
the population of northeastern secondary
agricultural  educetion programs was 115. All
sudents who were enrdlled in & least one of the
115 programs identified, served as the target
population.

A proportional stratified sample of
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northeastern secondary  agricultura education
programs was drawn from the target population.
A minimum of one agriculturd education program
per date was drawn in the dratified sample.
Proportional  dratified sampling was based on
geographica location of schools for each date in
the population. At least one aguaculture program
from every sate (some states only had one to four
programs per dae) in the sudy was randomly
sdected for the sample so students views on
aquaculture education for that sate could be
recorded. Northeastern states that reported having
five to fifteen aguaculture programs per state had
two or more programs randomly sdected for the
interview group. Researchers contacted agriculture
teachers from the sdected programs to gan
permisson for conducting an on-site structured
interview with students who paticipated in the
aqueculture curriculum. All - sudents from each
respective program drawn in the dratified sample
were present and included in the face-to-face
interviews. Sixty students (43 mdes, 17 femdes)
from 13 schools were included in the dratified
sample.

Data were collected via the structured
interview technique. Using this technique, a set of
open-ended questions about agquaculture directed
esch interview sesson. Sdlected students were
asked a series of fixed-order questions, along with
trangtiona phrases and probes (Ary, Jacobs, &
Razavieh, 1996). All interviews were tape-
recorded, analyzed, and transcribed verbatim. The
following genera questions provided a bass for
esch sructured interview sesson. Each question
was phrased in the smplest form possble.

Obiective One:

e Peae date your grade a the time of this
interview.

® Pleasetdl meif you live on afarm, in town, or
inaaty.

e What dtracted you to enroll in the aguaculture
class?
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e Do you “like’ being in class to learn about
aquaculture? Why? Why not?

Obiective Two:

e How has the aguaculture class affected your
science and/or math abilities?

o Specificaly, what mathematica concepts or
skills were affected by studying aguaculture?

o Spedificdly, what scientific concepts or kills
were affected by studying aguaculture?

e How is learning about science or math in an
aqueculture program different from learning
about those subjects in regular science and
math classes?

Obiective Three:

® Wha practicd skills have you ganed by
paticipating in this aguaculture class?

® What do the terms “problem solving” (from
previous question) mean to you?

® \What do the terms “leadership skills " mean to
you?

e What does the term “responshility” mean to
you?

® \What does the term “teamwork” mean to you?

® How might you use these other kills () in
adulthood?

e Would you like to work in the aguaculture
indugtry after high school? Why? Why not?

e Do you have plans to atend college? Do you
think gudying aguaculture influenced this
decison? Why? Why not?

Obiective Four:

e Wha do your parents think about your
aquaculture program?

e Wha do other teachers think about your
aquaculture program?

e Wha do locd community members think
about your aguaculture program?

e Wha is the future of aguaculture education
programs?
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Content and face vdidity were established

by developing the open-ended questions in
collaboration with date aguaculture specidigts,
West Virginia University agricultural and
extenson educators, secondary  agriculturd
education teachers, and researchers investigating
a gmilar project a Cornel Universty.

Vdidity was addressed through the research
desgn, which included gathering data a severd
gtes The lack of extended time spent in esch
interview dte heped to edablish credibility
(Lincoln & Guba, 1985). Since no serious threats
to vdidity existed, results may be generdized to
the larger population of northeastern secondary
agriculturad education students who had enrolled
in an aguaculture class during 1996-1997.

Data collection occurred during May 1997.
Confidentidity and anonymity were assured to dl
respondents prior to beginning each interview.
Following the methodology of Ary, Jacobs, and
Razavieh (1996) and Lincoln and Guba (1985), Al
dructured interviews occurred in a natura setting
such as the selected students’ respective
classooms, aguaculturd facility, or agriculturd
education shop. Each interview lagted from 30
minutes to two hours. Upon completion of each
interview, the researcher analyzed and transcribed
the taperecorded sessons before beginning
another interview. Responses were categorized by
question.

Data were analyzed following the
methodology of Ary, Jacobs, and Razavieh (19%),
Glesne and Peshkin (1992), Borg and Gall (1989),
and Lincoln and Guba (1985). Emergent themes
evolved through inductive andyss (Petton, 1980),
reducing the raw data to the formation of
relaionships that supported development of
grounded theory in the phenomena known as
aquaculture educetion.

Findings

Sixty gudents (43 mdes and 17 femdes)
representing 13 schools throughout the
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northeastern region were in the sample. Of those
students, there were 20 seniors, 28 juniors, and 12
sophomores. A mix of rurd and urban students
made up the total group. Using descriptions of
each dudent's place of resdence, no mgority
existed between rural and urban sub-groups.

Obiective One

The first research objective sought to
determine student demogrephics of those who
were enrolled in a northeastern agquaculture
program. The respondents were characterized as
individuds who enjoyed outdoor experiences,
egpecidly fishing. During the interviews, sudents
exhibited a sncere interest in Sudying neaturd
resources, environmental or marine sciences, and
showed a genuine curiogty of fish growth and
development. The dudents expressed particular
interest in aquaculture sysem maintenance.

Northeastern agriculture students were
dtracted to the aguaculture program because it
was being taught as pat of the agriculturd
education or natura resources program. They
found aguaculture “interesting, new, or different”
from what was expected from the normal
curriculum for those programs. Also mentioned
were the advantages of participating in a class with
“hands-on experience and problem solving” kills.
Generdly, students liked being in the aguaculture
program because they could earn “college credit”
or “learn how to do pH" tests.

Obiective Two

Sudents  participation in the aguaculture
program had affected their science and/or math
abilities. The generd consensus was that sudents
involvement in an aguaculture program provided
them with more scientific skills than it did
mathematical skills The mogt cited increese of
kills involved dudies in chemisry and biology,
with particular importance placed on pH tedting
and water qudity. Also, students repeatedly talked
about “hands-on” experience that facilitated their
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learning in science and math. One student Stated,
“I've never redly liked science until now, it's
redly interesting now because it's hands-on.”
Another sudent reiterated this by sating, “it heps
a lot to do the different types of math cause it's
easier when you’'re working with hands-on
examples.”

Mathematicadl and scientific concepts were
easer to understand and grasp for students in the
aquaculture program because of the practica
nature of the experience. Students were involved
in weghing and measuring feed or fish. These
activities drengthened their underdanding  of
fractions, growth rates, and conversons between
metric and standard measurements. They
participated actively in performing pH and
dissolved oxygen tests. The application of these
stientific activities in a “live’ dtuaion generated
new interests in chemical reactions and the process
of baancing chemicd eguations

Obiective Three

Students were asked what practicd life sills
they had gained from participating in an
aquaculture program. Students responded that
“teamwork, responghility, and problem solving”
were the sKkills gained. In addition, “leadership and
communication (verba and written)” skills were
discussed during the interviews. Other  sKkills
included engineering, system design and
maintenance, and the scientific research process.
One notable statement was “I'll go out on a limb
and say we're learning something about parenting
skills, because they're [fish] depending on you and
you have to do something when it's wrong or
they'll die”

Northeastern students were asked if they had
congdered working in the aquaculture industry
after graduation from high school. Less than ten
students had thought about working in the
aquaculture industry after high school, but as a
part-time job only and mogtly with fish hatcheries.
The respondents stated that an aguaculture system
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was too expensve to edtablish and maintain as a
gmdl busness venture.

When asked if they planned to attend college
and if ther decison was influenced by ther
agueculture experiences, about one-hdf of the
sudents said they were planning to attend college,
but that the aquaculture program had not
influenced ther decison. However, severdl
students mentioned that their aquaculture
experiences had reinforced previous decisions to
mgor in agriculture, wildlife biology, animd and
veterinarian sciences, and fisheries.

Obiective Four

Northeastern agriculture students were asked
what ther parents thought about aguaculture
being taught & the high school levd. Students
responded that their parents were very supportive
of the aguaculture program because it provided
“hands-on” learning, respongbility, and because of
the scientific topics. Also mentioned was that most
parents were envious that an aguaculture program
did not exist when they had atended high school,
but that they would like to learn more about it as
adults. A few students stated that they had not
taked with their parents about the aguaculture
program because “it would take too long for them
to understand.”

When asked what other (nonagriculture)
teachers thought about aquaculture being taught in
high school, responses were plit between those
teachers who were aware of the aguaculture
program and those who did not “know/care’ about
it. Respondents gated, “it's half and haf because
some know what we do, but others don’t and they
don't care; they choose not to know what we do.”
The teachers mentioned mogt often as supportive
of the aguaculture program were biology and/or
science ingructors.

Northeastern agriculture students were asked

what locd community resdents thought about
aguaculture being taught a the high schoal leve.
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Again, respondents stated that community support
could be likened to the support of nonagriculture
teechers in high school. That is, only those who
were aware of the program supported it. Students
responded that community members who did not
know or care aout the aguaculture program
thought it was “just a waste of money.”

Students dtated that the future of aguaculture
education depended upon more people becoming
aware of loca aguaculture programs and the sKills
these programs provided to high school students.
Also, students stated that establishing and
mantaning an agueculture system was “hard
work’ and required a “dedicated teacher” who
would seek “lots of hep from other schools’ that
dready had a sygem. Students believed the
aquaculture program was one of “the best
educationa experiences’ they had acquired in high
school. One student summed up the sentiments of
the group by dating, “I would encourage any
school without an agquaculture system to get one
because the kids redly enjoy it.”

Conclusions

Sdected northeastern agriculturd  education
sudents profoundly believed in their aguaculture
programs because of the handson learning
environment provided by such programs. Students
found their aguaculture programs exciting,
chdlenging, and fun. The process of learning
scientific and mathematical concepts transcended
age groups and geographic originaion. This was
epecidly true for topics reating to chemidry and
biology.

Additiond sills ganed from enrolling in an
aquaculture course included problem solving,
teamwork, and mos notably, responsbility.
Students discussed how important it was to be an
active learner in such a program. Northeastern
agriculture students viewed the care and
maintenance of an aquaculture system as
paramount to the success of an aquaculture
program. Communication and leadership skills
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were discussed adso as benefits gained from
participation an aguaculture education program.

On another note, northeastern agriculture
sudents believed that increased awareness and
support  from other (nonagriculture) secondary
school teachers and ther communities would
assure the continued successes of northeastern
agueculture education programs. The sudents
concurred with perceptions of northeastern
agriculture teachers (as found in the larger study)
in terms of the time required for an aguaculture
program. That is, an aquaculture education
program requires consderable amount of time,
dedication, and hard work for it to be successful.

Implications to Agriculture/
Aquaculture Education

The evidence in this sudy implies that a
concerted effort is needed to increase the
awvareness of aguaculture education programs
within the communities they represent. Grester
collaboration is needed with nonagriculture
teachers, other than science and/or biology, at the
secondary school level. The integration of
aquaculture into disciplines such as indudrid arts,
nutrition, marketing, and hedth are a few of the
programs that could benefit from collaboration
with an aguaculture program. Until sufficient
numbers of aguaculture programs are established
in the northesstern region, linkages for sharing
facilities and/or teachers between school digtricts
are needed.

The results of this project showed that more
males than females were enrolled in an
agriculturelaguaculture program.  Northeastern
agriculture teachers and students both agreed that
the educationa benefits of an aguaculture program
increased students knowledge and skills in aress
outsgde the aguaculture curriculum. If this is true,
then agriculturd educator a dl levels need to
encourage more femde dudents to enroll in an
agriculture/agquaculture  education program. One
method of accomplishing this god could be
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realized by inviting high school principals,
superintendents, guidance counsglors, and parents
to participate in the aquaculture education

program.

The future of aguaculture education in the
northeastern region will depend upon the attitudes
and actions of the present. Agriculturd educators
mug think futuridicaly about students, pedagogy,
and content of agriculture/aquaculture  education
beyond the year 2000.

Recommendations

Additional research, congruent with the
aspects of this research project, is needed to
determine the current status of secondary
aquaculture education programs a the nationd
level. Research studies are needed to ascertain the
community impact of teaching aguaculture and to
examine the linkages between education and the
aquaculture industry.

In the larger portion of thisstudy, northeastern
agriculture teachers perceved that teaching
aguaculture motivated students, yet teachers did
not believe an aquaculture program would
encourage students to seek a postsecondary
education. Northeastern agriculture students stated
that the “aguaculture program was one of the best
educationa experiences they had acquired in high
school,” yet they did not have aspirations of
working in the aguaculture industry after
graduating high school. Why is there a discrepancy
between present and long-term benefits of
enrolling in an aguaculture education program? A
longitudind sudy of agriculture dudents and
teechers involved with an aguaculture program
will provide a more accurate understanding of the
long-term benefits of an aguaculture program.
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