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Abstract 

 

 

The purpose of this study was to improve teachers’ ability to effectively use 

aquaculture as a tool to teach math and science.  The study population included Alabama 

science and career tech teachers that were certified to teach the Alabama aquaculture 

course of study.  The teachers were electronically surveyed regarding their perceptions of 

the importance of the aquascience elective and aquaculture science course content 

standards, their knowledge of those topics and how they perceived the quality of 

available teaching materials.     

 While all of the content standards were rated above average in importance, 

aquaculture career awareness and safety concerns were rated the highest by teachers.  

Teachers were most knowledgeable about career opportunities, categorization of 

aquaculture species, and the adaptations of aquatic organisms. The average materials 

ratings were below average for all content standards.  The highest rated materials were 

for career opportunities, categorization of species and safety topics. Using Borich’s 

(1980) model of mean weighted discrepancy scores, the control of diseases and pests in 

the aquatic environment and concepts associated with health management of aquacrops 

were identified as top priorities for in-service teacher training. Aquaculture industry 

infrastructure and the effects of the fishing industry were also identified as priority 

training topics. 

 



 iii 

Teachers were self-divided into 3 categories those that taught science (SCI), 

career tech (CTE) and those that taught both (BOTH).  They were further divided by their 

level of experience.  A multitvariate analysis of variance (MANOVA) revealed a 

significant effect between teacher types but there was no significant interaction effect 

between (a) teacher type and experience level or (b) the two levels of experience.  A 

follow-up analysis of variance (ANOVA) indicated that the science teachers thought 

significantly less of the available materials than either the CTE or BOTH groups. 
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Parting Words: 

 

"No matter how qualified or deserving we are, we will never reach a better life until we 

can imagine it for ourselves and allow ourselves to have it."  

— Richard Bach 

 

 

"When you have come to the edge of all the light you have  

And step into the darkness of the unknown  

Believe that one of the two will happen to you  

Either you'll find something solid to stand on  

Or you'll be taught how to fly!"  

— Richard Bach 
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CHAPTER 1 - INTRODUCTION 

 Aquaculture or fish farming is the aquatic version of agriculture. Aquaculture is 

the reproduction and growth of aquatic organisms in a controlled or semi-controlled 

environment (Stickney, 1979; Lovshin, 1989). It is an important facet of agriculture and 

is destined to play a major role in the production of food for the earth‟s growing 

population. 

 The first written documents concerning aquaculture appear in 460 B.C. when Fen 

Li described the culture of common carp (Parker, 2001). Over time the importance and 

popularity of aquaculture has grown.  There are two major reasons for the relatively 

recent surge in aquaculture growth.  First, aquaculture provides a relatively inexpensive 

source of animal protein.  Second, aquatic animals, fish in particular, have the ability to 

convert plant based feed to flesh in a very efficient manner.  The feed conversion ratio of 

fish is the lowest among domestic animal protein sources such as poultry, swine and 

cattle.  Tilapia for example can convert 1 pound of dry fish feed into fish flesh at a nearly 

1:1 ratio.  In some cases when there is natural food present this ratio can exceed 1:1 

where the fish gains more than 1 pound of flesh for each pound of feed provided.  These 

attributes have led scientists and economists to forecast that aquaculture will play an 

important role in providing protein to the world‟s expanding population. 
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Aquaculture, like agriculture, is a complex subject with numerous facets for study 

in educational programs.  A number of university, secondary agriculture, and science 

teachers have realized this and integrated aquaculture into their curricula.  Mengel (1999) 

estimated that 2,600 out of 11,000 high school programs teaching agriculture education 

provided more than 36,000 students with hands-on opportunities in aquaculture.   He 

further estimates that more than 100,000 students annually are introduced to aquaculture 

through exposure to these programs.   Aquaculture is an excellent teaching tool, because 

it easily integrates many disciplines including biology, chemistry, economics, math, and 

physics.  Growing fish, aquatic plants, and other living things in the classroom creates a 

living laboratory and promotes daily hands-on experiences that enrich the learning 

environment.  It makes learning practical, experimental, and enjoyable for teachers and 

students (Mengel, 1999).  In the final evaluation of a major aquaculture curriculum 

initiative conducted by the National Council for Agriculture Education, the authors 

(Conroy & Peasley, 1998) deliver a powerful statement about the potency and potential 

of aquaculture education. 

Data reveal that, in the span of less than 10 years, aquaculture has gone from 

virtual anonymity to reaching students in over 25% of the agriculture programs in 

the US.  This is not a mandated program, nor is it a reaction to some national fear 

of Russian space domination.  Aquaculture has breathed new life into most of the 

agriculture programs into which it has been infused.  Aquaculture is important to 

students, to communities and the environment.  Future food production will, no 

doubt, depend on domestic aquaculture production and related activities such as 
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hydroponics.  Secondary-postsecondary linkages and articulation programs will 

supply a competent workforce.  To support this view, survey data reveal that high 

school aquaculture initiatives are positively impacting the number of students 

enrolling in postsecondary technical aquaculture programs. 

Aquaculture has, perhaps more than any other agriculture or academic 

content area, the potential for interdisciplinary and collaborative instruction.  

Tremendous enthusiasm and collegiality are results of integration efforts in 

schools and districts visited by the evaluation team.  The survey data indicate that 

the opportunities are limitless and go beyond the traditional academic-vocational 

integration.  Teachers have blurred the lines between academic-vocational-fine 

arts to create a holistic learning environment that is productive for students of all 

age and ability levels. (p. 22)  

 Among the chief reasons aquaculture has not been universally accepted as a tool 

to teach math, science and agriculture is that it requires additional teacher effort and in 

some cases substantial funding to get an aquaculture program started.  To move beyond 

these barriers generally requires strong administrative support, and most administrators 

are not familiar enough with aquaculture to recognize its‟ potential as a cross curricular 

teaching tool (Conroy, 1999; Conroy & Walker, 1998; Fortner & Wildman, 1980).   

Teachers already have their hands full trying to meet state and national standards 

and prepare students for standardized tests and exit exams.  Few, if any, teachers have 

formal training in aquaculture and many who are trained believe that they are 

inadequately prepared to teach this relatively new subject (Conry& Peasley, 1997).  
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There also appears to be a perceived lack of quality teaching materials among teachers 

new to aquaculture programs. Despite these and other obstacles many teachers have 

decided to forge ahead and use aquaculture to try to capture student interest.  Many 

concede that system maintenance and caring for live animals can become tiresome at 

times, but most aquaculture teachers feel that the educational rewards are justified. 

Aquaculture‟s ability to reconnect students with agriculture and support the 

teaching of math and science is still considered an innovative concept.  Teacher‟s reasons 

for initial involvement with aquaculture generally fell into three general categories 

1. aquaculture could help the students learn math and science concepts and enhance 

the student learning experience (Conroy & Walker, 2000; Wingenbach et al., 

2000; Stickney, 1979), 

2. it would generate interest in their program and be a positive public relations 

vehicle for them (Lovett, 1999)  and  

3. it would create educated consumers and improve students‟  ability to excel in a 

highly technical society (Conroy & Walker, 2000).   

While there is little that can be done to provide more time available for teachers to 

start and maintain these systems, efforts at improving teacher knowledge and gaining and 

understanding of teaching priorities have the potential to stimulate aquaculture program 

initiation and improve the chances of success of existing programs. 

Problem Statement 

 

It is now generally accepted that aquaculture education programs motivate 

students and assist in teaching math and science principles (Goodwin& Schaadt, 1978; 
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Stickney, 1979; Fortner, 1983; 2001;  Trent 1983, Picker, 1985, Moore, 1987; Brody & 

Patterson, 1992; Walsh, 1992; El Ghmrini, 1996; Conroy & Peasley, 1998; Wingenbach 

et al., 1998; 1999; 2000; Davis-Hodgkins, 1999; Lovett, 1999; Mengel, 1999; Cline, 

2000; 2004; 2005; Conroy & Walker, 2000; Reese, 2001; Parker, 2002; Frederick  2005; 

Roy, 2005), but little research has been conducted on how to make these programs more 

successful and sustainable.  Much of the work to date focused on why and how the 

programs got started along with the barriers to their use and success (Lovett, 1999; 

Mengel, 1999; Chankook & Fortner, 2006).  

There appears to be a void in the available data related to how instructors perceive 

aquaculture and their ability to teach the various facets of aquaculture science 

(Wingenbach et al., 1998; 2000).  Likewise, while some data has been collected on how 

teachers rate the importance of the various content areas under the subject of aquaculture 

(Lovett, 1999) and marine science (Milkent et al., 1979;  Fornter & Meyer, 2000), this 

data has not been collected from Alabama teachers who are considered qualified by the 

Alabama State Department of Education (ALSDE), to teach the aquaculture curricula. 

Without this information it is difficult for teachers and administrators alike to determine 

what topic areas should be emphasized within the aquaculture courses.  The problem, 

therefore, is if (a) instructors do not consider the various aspects of aquaculture subject 

matter to be important,  (b) do not have confidence in their ability to teach aquaculture 

and (c) teaching materials of high quality are not readily available, they are unlikely to 

take on this excellent teaching opportunity or be able to maximize its‟ potential impact 

and effectiveness.  
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Purpose of the Study 

 

The purpose of this study is to improve teachers‟ ability to effectively use 

aquaculture as a tool to teach math and science.  To accomplish this task the researcher 

explored how Alabama science and career tech teachers perceive the importance of 

aquaculture related topics, their knowledge of those topics and how they perceive the 

quality and quantity of available teaching materials.  This information will make it 

possible to determine the greatest areas of need with regard to aquaculture training and 

curriculum development (or identification).  This knowledge should prove valuable to 

schools in scheduling in-service training, pre-service teacher training and in the long run, 

create more aquaculturally literate citizens with an improved ability to prosper in a 

technology advanced society and help feed our ever-growing population. 

Research Questions 

 

1. Importance of Content Standards.  How do teachers certified to teach the 

aquaculture curricula perceive the importance of various content standards of 

the Alabama aquaculture science course of study? 

2. Abilities. What are teachers‟, certified to teach the aquaculture curricula, 

perceived abilities, indicated by their current knowledge, to teach the content 

standards of the Alabama aquaculture science course of study? 

3. Teaching Materials.  How do Alabama teachers, certified to teach the 

aquaculture curricula, perceive of the quality of aquaculture teaching 

materials? 
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Significance of the Study 

 

Teachers‟ and administrators‟ perceptions about aquaculture curriculum may 

influence the level of support, funding, resource allocation, and access to continuing 

education opportunities for potential, new, or existing aquaculture programs. By 

examining teachers‟ perceived abilities to teach the content standards and relative 

importance of the Alabama Aquascience Course of Study content standards it will be 

possible to identify and prioritize teacher training needs. This information should be very 

helpful to in-service training planners and university outreach (Cooperative Extension) 

personnel in developing and delivering appropriate and constructive education 

opportunities.  It will also help identify areas that need strengthening in teacher pre-

service education programs.  

The examination of the way teachers view the importance of various content 

standards of the Alabama Aquascience Course of Study will help provide information to 

enhance future revisions of the course offerings and help them determine the appropriate 

time and emphasis to spend in each of the various areas.  In addition by increasing 

teacher exposure to the learning opportunities that aquaculture provides it may also 

enable them to identify areas for cross-curricular collaboration and may improve the odds 

of successfully initiating or operating an aquaculture program. 

Ascertaining the teachers‟ perception of the availability of quality teaching 

materials in each of the content areas will enable content providers to, 1) develop more or 

better materials for that area or 2) demonstrate the need to make teachers aware of the 
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materials that are available.  In either case this will improve the resources available to 

teachers and allow them to dedicate more time to the students. 

There is a growing body of evidence to suggest the significant capacity of 

aquaculture as an area of study to improve agriscience programs and serve as a cross- 

curricular mechanism to improve students‟ competency in math and science. Teachers 

and administrators overcoming barriers to the initiation or success of such a program is a 

significant and worthwhile effort.  

Definitions 

 

Definitions of terms are furnished to provide the reader with the meaning, as 

clearly as possible, of the terms used in this study include: 

a. Aquaculture – The production and culture of aquatic organisms in a controlled 

or semi-controlled environment. 

b. Agriculture – The science, art, and business of cultivating the soil, producing 

crops, and raising livestock useful to man: farming (Morris, 1982).  

Agriculture also encompasses the study of economics, technology, politics, 

sociology, international relations and trade, and environmental problems, in 

addition to biology (Moore, 1987) 

c. “Agriscience – The notion of identifying and using concepts of biological, 

chemical, and physical science in the teaching of agriculture, and using 

agricultural examples to relate these concepts to the student.” (Conroy and 

Walker, 1998, p. 3) 

d. Marine – of or pertaining to the sea: saltwater. 
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e. Aquatic – of or pertaining to water.  “In common use, although such use is not 

extensive, aquatic generally refers to water in the generic sense…. The word 

most often is applied to fresh water.” (Goodwin & Schaadt, 1978, p.5) 

f. Environment  - “Environment refers to the totality of physical, chemical, 

biological, social, economic, political, cultural, aesthetic, and structural 

surroundings of organisms, including ourselves and other people” (Goodwin 

& Schaadt, 1978, p.6) . 

g. Education – “…the entire variety of experiences though which people learn: 

formal and informal educational activities from kindergarten to graduate 

school and continuing education; recreational, work, and life experiences, and 

all forms of communication from personal to mass media” (Goodwin & 

Schaadt, 1978, p.6). 

h. Scientific literacy - “…the knowledge and understanding of scientific 

concepts and processes required for personal decision-making, participation in 

civic and cultural affairs, and economic productivity”  (Lambert, 2006, p. 

633). 

i. Alabama Course of Study – A document that contains minimum required 

content and specifies WHAT students should know and be able to do in a 

particular subject area by the end of each course or grade-level (K-12). 

j. Content Standard – A clearly defined statement of the knowledge, concepts 

and skills that a student is expected to acquire by taking a given class. 
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k. Competency – In the most general sense, a competency has come to stand for 

a skill, behavior, or performance expected of a trainee at the completion of the 

training (Borich, 1979). 

l. Attitude – A learned predisposition to respond in a consistent manner in 

different situations. 

Assumptions 

 

The following assumptions are made: 

a. Teachers answer the survey instrument honestly. 

b. Teachers in states outside of Alabama will readily understand the Alabama 

Content Standards and be able to relate them to their teaching activities. 

c. The respondents to the survey (187 out of an estimated 2300, 8.1%) were 

representative of the total population of Alabama science and career tech 

teachers.  Even the state level administrators could not provide a definitive 

answer to how many science (SCI) and career and technical education (CTE) 

teachers there were in the total population.  However, the numbers of 

Alabama biology, chemistry, earth science and physics teachers reported in 

the State Indicators of Science and Mathematics Education report suggests 

that the total number is 1268 in grades 7-8 and 1103 in grades 9-12 (Council 

of Chief State School Officers, 2007). 
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Organization of the Study 

 

 This dissertation consists of five chapters.  Chapter I introduces the study and 

provides some background information.  It also indicates the problem, its significance 

and the proposed research questions.  Chapter II provides a review of the relevant 

literature related to aquaculture, aquaculture education, and several related educational 

models. Chapter III outlines the methods and procedures used to carry out the study. The 

results of the study are presented in Chapter IV. Chapter V provides a summary of the 

study and empirical findings, with discussions of implications, some limitations of the 

study and directions for future research.  
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CHAPTER 2 - LITERATURE REVIEW 
 

The purpose of this study is to improve teachers‟ ability to effectively use 

aquaculture as a tool to teach math and science.  To accomplish this task we will explore 

how Alabama science and career tech teachers perceive the importance of aquaculture 

related topics, their ability to teach those topics and how they perceive the quality and 

quantity of available teaching materials.  This information will make it possible to 

determine the greatest areas of need with regard to aquaculture training and curriculum 

development (or identification).  This knowledge should prove valuable to schools in 

scheduling in-service training, pre-service teacher training and in the long run, create 

more aquaculturally literate citizens with an improved ability to prosper in a technology 

advanced society and help feed our ever-growing population.  Specific research questions 

to be answered include, 

1. Importance of Content Standards.  How do teachers certified to teach the 

aquaculture curricula perceive the importance of various content standards of 

the Alabama aquaculture science course of study? 

2. Abilities. What are teachers‟, certified to teach the aquaculture curricula, 

perceived abilities, indicated by their current knowledge, to teach the content 

standards of the Alabama aquaculture science course of study? 
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3. Teaching Materials.  How do Alabama teachers, certified to teach the 

aquaculture curricula, perceive of the quality of aquaculture teaching 

materials? 

This chapter reviews literature related to the development and current status of 

aquaculture education in secondary schools in the United States. An examination of 

teacher perceptions about aquaculture education will assist in the maximization of 

opportunities for students to gain skills in math, science, and problem solving.  An 

exploratory evaluation of teacher‟s perceptions of (a) ) relative importance of, (b their 

ability to teach, and (c) availability of quality teaching materials related to the various 

content areas within the Alabama Aquaculture Science course of study will also: 

1. Allow identification and prioritization of teacher training needs,  

2. Determine the appropriate time and emphasis to spend in each topic area,  

3. Identify areas for cross curricular collaboration, and  

4. Improve the resources available to teachers. 

Among areas of literature incorporated into the review are background 

information on aquaculture education and the related educational models of 

environmental education, marine/aquatic education, outdoor classrooms, and hands-on 

learning.  In addition to the educational models a review of world, U.S. and Alabama 

aquaculture will be included.  This area of the review will demonstrate the economic and 

social significance of aquaculture both globally and locally. 
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Aquaculture Education 

 

    El-Ghamrini (1996) stated that aquaculture in U.S. high schools have a very 

short history.  There are a limited number of researchers, scientists and educators 

working in the study of this area.  A lack of research information was noticed by Conroy 

& Peasley (1997) as well.  This situation still exists today.  To date there have been 

relatively few research projects specifically directed at aquaculture education in schools 

whether at the primary or secondary level.  In order to provide as broad an overview as 

possible it will be necessary to step back and look at the larger picture of education.   

Science education including agriscience education has been under scrutiny in the 

United States for a number of years.  School children in the United States have fallen 

further and further behind other nations in science and mathematics.  According to the 

National Academy of Science the ability of the United States to remain a leader in 

science innovation and technology is in serious jeopardy.  The study states, “The danger 

exists that Americans may not know enough about science, technology, or mathematics 

to significantly contribute to, or fully benefit from, the knowledge-based society that is 

already taking shape around us”(National Academy of Sciences, 2007, p. 94).  The 2005 

National Assessment of Educational Progress (NAEP) tests, as reported by National 

Academy of Science 2007,  indicated that only 36% of 4
th

-graders and 30% of the 8
th

-

graders tested,  performed at or above the proficient level in mathematics.  In addition, 

the 2000 science NAEP tests indicated that only 29% of 4
th

-grade, 32% of 8
th

-grade, and 

18% of 12th-grade students performed at or above the proficient level in science.   



15 

 

 

 

 

Studies indicate that attitudes towards science and scientific pursuits generally 

rise in elementary school, peaking near the sixth grade (Osborne, Simon & Collins, 

2003).  From sixth grade through high school attitudes towards science steadily erode.     

The Rising above the Gathering Storm study indicates that one way to improve students‟ 

chances of success in these areas is to find ways to increase interest in relevant subject 

areas.  Educators have found that using aquaculture to teach the principles of math and 

science improves student interest and motivation (Conroy, 1999; Conroy & Walker, 

2000; El-Ghamrini, 1996; Leighfield, 2005; Lovitt, 1999; Mengel, 1999; Reese, 2001; 

Wingenbach, Gartin & Lawrence, 2000).  Conroy & Walker (2000) interviewed students 

who participated in aquaculture class and found “…that they believe aquaculture has 

enhanced their academic performance in mathematics and science and made those areas 

more relevant for them” (p 54).  

Aquaculture is an excellent teaching tool because it easily integrates many 

disciplines including biology, chemistry, economics, math, and physics, and can provide 

hands-on experiences that complement academic theory (Conroy & Peaslely, 1998; El-

Ghamrini, 1996; Reese, 2001; Wingenbach, 2000). John Harbuck, an  agri-technology 

teacher who has integrated aquaculture into his general agribusiness curriculum for six 

years, observed that the “practical, hands-on approach is best for keeping students 

interested and for assuring learning, rather than just memorization” (personal 

communication, June 10, 2002).  Another experienced teacher, Terry Youngblood, points 

out that the “daily feeding and maintenance of the fish has taught the students 
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responsibility, as well as, the integrated math and science concepts” (personal 

communication, June 10, 2002).   

 

Relationship to Agriscience Education 

 

Agriscience was first taught formally in the United States in 1733 when a 

specialized school was set up in Ebenezer, Georgia, to teach orphans successful farm 

practices. (National Research Council [NRC], 1988). Most early informal agriculture 

education consisted of parents teaching their children the skills necessary to maintain the 

family farm.  The passage of the Morrill Act in 1862 set the stage for more formal 

education in agriculture.  This act precipitated the foundation of today‟s Land Grant 

University System and provided the land, support, and maintenance funding for state 

colleges where citizens could be taught agricultural and mechanical arts.  According to 

the NRC report, in 1901 Wisconsin was the first state to provide funds for country 

agricultural high schools or independent agricultural schools.  It also reports that in 1908 

Virginia was the first state to fund agriculture departments within public schools (NRC, 

1988). 

Early agriculture curriculum focused on the “hows” of agriculture production 

more than the “why”, because instructors were training students to become practicing 

farmers (Conroy and Walker, 1998).  According to Conroy and Walker, this practice 

began in the 1920‟s and continued through the mid 1980‟s.  Changes in the content 

reflected new, better, and more efficient methods of production and continued the “how 

to” tradition.  During this time, the population of the United States went through dramatic 

changes, shifting away from a primarily agrarian society to a more urbanized and 
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industrialized society.  When federally supported agriculture education began in 1917, 

more than one third of the population lived on farms.  However, by the mid 1980‟s, less 

than 2.2 % of the people were involved in farming (National Research Council, 1988).  In 

this same time span agriculture went from a hand-labor-based system to a highly 

mechanized and sophisticated science.  However, this evolution in technology was not 

adequately reflected in the agriculture curriculum. This failure to update curriculum and 

other factors led to decreased enrollment in agriculture education classes (Conroy and 

Walker, 1998; Roy, 2005).  This sentiment was echoed by Reese (2001) noting that the 

dramatically shifting demographics required a change in agriculture education 

opportunities to remain relevant for non-farm youth. 

 Although science has always been an integral part of agriculture education, 

slowing enrollment and a growing disconnect between curriculum and technology led to 

a recommendation by the National Research Council that agriculture education programs 

update their programs to incorporate more science content into the curriculum. This led to 

a redefinition of the term agriscience.  Based on their review of the literature and various 

studies, Conroy and Walker (1998) identified the following definition of agriscience.  

“Agriscience – The notion of identifying and using concepts of biological, chemical, and 

physical science in the teaching of agriculture, and using agricultural examples to relate 

these concepts to the student” (p. 3).  

Frederick (2005) refers to several important events in the development of 

aquaculture education including the National Aquaculture Act of 1980 (P.L. 96-362), the 

1990 Farm Bill (P.L. 101-624), also known as the Food, Agriculture Conservation, and 
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Trade Act of 1990, and the efforts of the National Council for Agriculture Education 

(NCAE) to develop a national „core curriculum‟ for aquaculture in 1990.  Each of these 

events contributes to the development of aquaculture education.  The National 

Aquaculture Act was designed to promote aquaculture production in the United States.  

One of its main purposes was to promote aquaculture in the U. S. by: 

…encouraging aquaculture activities and programs in both the public and 

private sectors of the economy that will result in increased aquacultural 

production, the coordination of domestic aquaculture efforts, the 

conservation and enhancement of aquatic resources, the creation of new 

industries and job opportunities, and other national benefits. (p.1)  

By inference this statement includes aquaculture education.   A push by the 

National Council for Agriculture Education to incorporate aquaculture into the 

agriculture curriculum led to the development of a core aquaculture curriculum.  This 

core curriculum  included a number of long term goals: (a) teach the principles of success 

in aquaculture, (b) impart scientific principles, and recognize the importance of  

managing aquatic resources; (c) use aquaculture to interest students in science, math, and 

other relevant subjects; (d) encourage the integration of aquaculture in other subjects and 

to augment greater cooperation among individuals, (e) inspire students to enter post-

secondary study in aquaculture or environmental science, thereby, providing new talent 

to the industry, and (f) explore the potential of aquaculture as an alternative enterprise in 

rural communities (Frederick, 2005). 
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Science Literacy 

Many efforts are underway to improve science education and science literacy 

among Americans.  This education includes students as well as the general public.  

According to Lambert (2006): 

Scientific literacy is defined as the knowledge and understanding of 

scientific concepts and process required for personal decision–making, 

participation in civic and cultural affairs, and economic productivity.  Being 

scientifically literate implies that a person can identify scientific issues underlying 

national and local decisions and express positions that are scientifically and 

technologically informed. (p. 633)  

A 1980 report by the National Science Foundation and the US Department of 

Education characterized Americans as scientific illiterates (National Science Foundation, 

1980).  This report led to recommendations to increase academic standards within 

schools, place higher demands on both the teachers and the students and increase the 

level and number of science courses required for graduation.  The effect on the 

agriculture teachers was to encourage them to integrate more math and science into their 

lessons to meet this goal.  “Some agriculture educators were already working to 

incorporate more science into vocational agriculture courses, but they found it harder to 

attract students who had to fit more academic subjects into their school day” (National 

Research Council [NRC], 1988, p. 88).  Some vocational agriculture teachers recognized 

that aquaculture had the potential to help meet another of the NRC (1988) 

recommendations which was to continue to stress applied learning but strengthen 
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instruction and inclusion of agribusiness marketing and management, economics, 

international agriculture, public policy, science, and technology.   

While the education system was undergoing reform in the 1980s, the practice and 

economic significance of aquaculture in the U. S. was growing rapidly.  Scarpa (1999) 

hypothesized that the increase in aquaculture worldwide increased the educational 

demands of those students and technicians entering or currently working in the field.  

Expanding employment opportunities required the development of training programs 

(Davis-Hodgkins, 1999). Employers had difficulty locating personnel with the 

appropriate training and education.  A survey of the catfish industry revealed that while 

only 6% of the respondents anticipated hiring college trained aquaculturists (Rouse, 

1999). However, many of the skills desired by employers were those currently taught in 

the aquaculture education classes, particularly the hands-on experience (Landau, 2003).   

The subjects and skills desired by the industry included knowledge of water quality, 

aquaculture production, communication skills, and interpersonal skills (ability to work as 

part of a team).   

 

Where it Started 

Schools in Connecticut were among the first schools to infuse aquaculture into the 

curriculum.  In 1981 the development of an aquaculture curriculum was seen as a means 

to strengthen interest in vocational agriculture schools, and in 1982 the State of 

Connecticut authorized creation of the Stamford Vocational Aquaculture Center (Roy, 

2005).  Roy notes that while the pilot program at the Stamford facility only lasted until 

1984 and several other aquaculture initiatives came and went, the model of success for 
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the vocational aquaculture program resides at the Sound School in New Haven, 

Connecticut.  The Sound School was created in 1982 as a comprehensive school of 

choice in the New Haven Public School System.  In 1994 The Sound School became a 

vocational agriculture center and today is the largest vocational agriculture high school 

aquaculture facility in the country (Roy, 2005).  The mission of the school according to 

Roy is “…to help students become full participants in the global, multicultural society of 

the 21
st
 century by involving them in a broad-based high school experience that focuses 

on aquaculture, marine issues and sciences” (p.226).  Inclusion of aquaculture courses in 

the 1980‟s in the states of Massachusetts, Hawaii, New Jersey, West Virginia and 

Alabama further broadened aquaculture as a viable educational option (Lovett, 1999). 

In 1990 the National Council for Agriculture Education (The Council) developed 

a core aquaculture curriculum (Team AgEd, 2009).   Shortly after the development of this 

core curriculum Alabama schools, with sponsorship from the University of Alabama's 

program for Rural Services and Research, began teaching aquaculture and using 

recirculating aquaculture systems (RAS) in the classroom. What began as a basic RAS in 

Florala High School, in Florala, Alabama, evolved into a complex system including 

multiple large tanks and filters for both warm and cold water fish production and 

spawning, as well as, aquaponically grown herbs and vegetables.  As word of the success 

of these early programs spread, interest in using this type of teaching technology grew.  

With additional funding from the National Science Foundation and other public and 

private funding sources the number of programs increased. Today there are more that 50 

programs in Alabama alone using this equipment and technology to teach a variety of 
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disciplines (see Table 1) in elementary, middle and high schools across the state. (Cline, 

2000; 2004; 2005) 

Table 1 

Sample of Topics Addressed in the Secondary School Study of Aquaculture 

 

Art Fish Reproduction Math 

Biology Food Sanitation and Safety Mechanical Systems 

Business Genetics Morphology  

Carpentry History Nutrition 

Chemistry Home Economics Plumbing 

Computer Technology Hydraulics Public Relations 

Construction Hydroponics Physics 

Economics Language Arts Physiology 

Finance Masonry Sales 

Fish Health Marketing Sociology 

While aquaculture in the classroom was initially limited to vocational and 

agriculture technology programs, it eventually spread to other academic areas.  The 

number of aquaculture education programs experienced a rapid rise throughout the 

1980‟s and 90‟s.  Mengel (1999) and Conroy and Walker (2000) estimated that in 1997 

there were 2,600 out of 11,000 or 23.6%  U.S. secondary agriculture education programs 

teaching aquaculture.  This correlated to 35,900 students receiving direct instruction 

annually.  In addition to the direct instruction, they estimated that 138,120 additional 
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students were exposed to aquaculture through tours and visits of the aquaculture facilities 

annually.   

Benefits 

The most commonly recognized benefit of aquaculture as an educational tool is 

that it is multifaceted and has the ability to integrate with a variety of subjects; therefore, 

it is not necessary to teach a course specifically about aquaculture to benefit from what 

aquaculture has to offer.  According to Conroy and Walker (2000) aquaculture meets 

needs for instruction in basic biology, chemistry and mathematics and provides 

opportunities to examine concepts that are required of workers in technical jobs.  There 

are aspects of aquaculture that can be incorporated into nearly every subject currently 

taught in schools.  This is a bold statement considering that subjects include everything 

from Art to Zen philosophy.  Examples of how to incorporate aquaculture into other areas 

of study are numerous (Conroy & Walker, 2000; Ericson, 1995; Scarpa, 1999; 

Schreibman & Zarnoch, 2005).  It only requires a willingness of the instructor and a 

person or resource with specialized aquaculture knowledge to identify an area capable of 

aquaculture inclusion (Hammer, 2008).  According to Ericson (1995) “Integrated 

curriculum takes things to levels of analysis, synthesis, and evaluation and should be used 

to help students understand concepts, problems or issues from multiple perspectives, 

applying what they learn to real-world problem solving” (p.142).  He continues that this 

integration supports and enhances brain-based learning as a way to facilitate the brain‟s 

search for patterns.  Conroy and Walker (2000) imply that the value of integration 

extends beyond the classroom noting that integration is perceived as effective in 
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improving opportunities for youth who will face technologies that demand high level 

skills.  

Various authors and researchers have acknowledged the opportunities that 

aquaculture studies embody.  In a survey (Wingenbach et al., 2000) examining the factors 

affecting the decision to teach aquaculture the top five responses were cited: 1) relates to 

natural resource conservation education, 2) motivates students, 3) fits into the curriculum, 

4) is interesting to teachers, and 5) provides a means for inclusion of more science within 

the agriculture education curriculum.  In a separate study by Lovett (1999) teachers 

responses to why they chose to include aquaculture indicated they: 1) wanted to broaden 

the students‟ horizons and interests, 2) thought it would increase interest in the 

agriculture education program, and 3) wanted to provide hands-on experiences for 

students that would combine a variety of scientific theories and methods.   Conroy and 

Walker (2000) reported through a survey of teachers the observed or perceived benefits 

of teaching aquaculture 1) is interesting to teachers, 2) fits easily into curriculum, 3) 

education motivates students and 4) Teaching materials are readily available for 

agricultural educators to teach aquaculture.  Among those teachers surveyed that were not 

currently teaching aquaculture but interested, the top 4 answers were slightly different. 

The responses included 1) teaching materials readily available, 2) aquaculture education 

motivates students, 3) can try out teaching aquaculture on a small scale before making 

decision to teach, and 4) aquaculture has a positive effect on the environment. 

Aquaculture frequently appears in the science classes such as biology, botany, 

chemistry, earth science, marine and natural science, physics, physiology, water science, 
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zoology and the host of environmental education options.  Photosynthesis and the 

nitrogen cycle play critical roles in aquaculture operation management and involve 

chemical equations.  These topics are required in a number of biology, chemistry, and 

earth science classes.  Concepts associated with reproduction and general physiology rise 

to the top in the biological category while the physical movement of water and unique 

chemical and physical properties invite additional investigation.  In order to understand 

these processes the students must be able to interpret and understand chemical equations 

and how some of the various elements react with water and oxygen (Stickney, 1979).  

Not to be underestimated is the application of aquaculture in math classes. 

Examples of mathematical operations performed as part of daily aquaculture activities 

includes the measurement and calculation of averages, concentrations, density, 

displacement, feeding rates, feed conversion ratios, growth rates, percentages, samples, 

and volumes.  The opportunities to infuse aquaculture related math are available from 

pre-kindergarten levels (one fish, two fish, red fish, blue fish) all the way through 

specialized post-secondary studies (fish acoustics and migration patterns). Conroy and 

Walker (2000) found that “Students who participated in interviews indicated that they 

believe aquaculture has enhanced their academic performance in mathematics and 

science, and made those areas more relevant for them” and that “math and science could 

not really be separated from aquaculture and vice versa” (p. 54).  The students‟ comments 

and perceptions in Conroy and Walker‟s study lend credence to what Frykolm (1996) 

implies when he states, “…learners construct their own understanding of mathematics 

and, therefore, the content and teaching methodology of school classrooms should 
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facilitate this process” (p. 666).  The extent of the math involved in teaching aquaculture 

often requires teachers to revive their math skills.  Walsh (1992a) states: 

One of the best ways that my life has changed is the influx of science and math 

concepts and principles into the agriculture curriculum (referring to aquaculture).  

I am being forced to re-learn certain math and science formulas, procedures, 

calculations and techniques, some of which I haven‟t used since my senior year in 

high school, and it‟s invigorating and exciting (p. 20).  

Aquaculture will likely play a key role in feeding the earth‟s growing population, 

and there are numerous opportunities to integrate the social elements of its‟ expansion 

into the myriad of environmental political and social courses.  Issues associated with 

 a) the production, processing, packaging, and distribution of food, 

 b) coastal and marine resource utilization,  

c) environmental degradation,  

d) global economics,  

e) trade imbalances, 

f) legal policies,  

h) human health and sanitation,  

i) watersheds and aquifers, 

j) restoration of endangered species,  

k)  sport and commercial fisheries  

can all be related to aquaculture and are relevant to many of today‟s current events.  

Fortner‟s (1983) surveys showed that students appeared to know more about scientific 
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aspects of the water world than about related social studies or humanities concepts.  

However, she contends:  

While such emphasis admittedly is not vital to our understanding and use of water 

resources, experience in art, music and literature are life-enriching and culture 

building.  An awareness of the impact of the water world in these areas builds 

awareness of water‟s pervasive influence in all aspects of human endeavor 

(Fortner, 1983, p. 9). 

While the informational and contextual connections between aquaculture and the 

majority of school subjects are important, the physical pedagogical opportunities related 

to aquaculture should not be overlooked.  Hands-on and experiential opportunities 

abound in both scope and scale (Mengel, 1999).   The planning, design and 

implementation of an aquaculture operation whether it is a ten-gallon aquarium in a 

fourth grade classroom or a 50,000-pound foodfish production facility in an advanced 

agriculture technology curriculum requires a great deal of physical and mental dexterity.   

Teacher Michael Walsh (1992) who with his class designed and built their own 

aquaculture system, noted: “From design to construction and operation decisions, the 

problem-solving learning that took place was immense” (p.23). Vocational instructors 

and students are often enlisted to participate in the construction of aquaculture facilities, 

because the process nearly always involves plumbing and carpentry and often includes 

masonry, welding and mechanical problem solving skills. Authors and researchers 

suggest that incorporating kinesthetic elements in the learning process enhance the 

retention of information (Fortner, 1983).  El-Ghamrini (1996) extends the benefits of 
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aquaculture education beyond the classroom and suggests that the “Adoption of advanced 

aquaculture educational technologies may help economic development in the 

communities around those schools (with aquaculture programs) and provide job 

opportunities or (additional) educational opportunities to young people” (p.8).  While we 

will look deeper into hands-on education in a later section, a statement from Wingenbach, 

Gartin and Lawrence (1998) sums up the integrative capacity of aquaculture education 

very succinctly:  “At the most basic level, successful aquaculture production is the 

scientific and mathematical knowledge, as well as technological skills, needed to produce 

repeated crops of aquatic products” (p.11).  
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Related Educational Models 

 

Environmental Education 

 There are numerous definitions for environmental education.  The notion of 

environmental education were seen as early as  W. Jackman, 1891, gave the first formal 

definition to the nature movement in his work.  He identified the study of nature or 

environmental education as a means to educate urban dwellers who had lost touch with 

the natural world.  Dewey (1938) integrates hands-on education into environmental 

education when  he espouses the philosophy of  learning by doing.  Adams, Biddle, and 

Thomas, (1988) define environmental science as “a subset of science education that 

directly examines the political, cultural, and social impacts on ecological processes” 

(p.19).  There are many variations on this theme but most encompass the notions of 

human interaction with the environment (Coyle, 2005).  The 1977 Intergovernmental 

Conference on Environmental Education (the Tbilisi Declaration) organized by the 

United Nations Educational, Scientific and Cultural Organization (UNESCO) suggests 

principles to guiding the development of environmental education. Item number four in 

the recommended criteria indicates the complex interaction between people and the 

environment.   

 A basic aim of environmental education is to succeed in making individuals and 

communities understand the complex nature of the natural and the built 

environments resulting from the interaction of their biological, physical, social, 

economic and cultural aspects, and acquire the knowledge, values, attitudes and 

practical skills to participate in a responsible and effective way in anticipating and 



30 

 

 

 

 

solving environmental problems, and the management of the quality of the 

environment. (UNESCO, 1977, p.25) 

Humans are inextricably bound to the environment and are part of the 

environmental system.  “Environmental education is rooted in the belief that humans can 

live compatibly with nature and act equitably toward each other” and that “…people can 

make informed decisions that consider future generations” (Simmons et al., 2004, p. 2).   

Others assert that in addition to developing environmentally literacy 

environmental education can be very beneficial in improving academic achievement 

involving critical thinking, problem-solving, and effective decision-making skills 

(Lieberman & Hoody, 1998; National Environmental Education Partnership, 2002; Le 

Roux & Ferreira, 2005).  The National Environmental Education Partnership study states  

A broader adoption of environmental education in the nation‟s schools can help 

produce motivated students, high-performance life-long learners, effective future 

workers and problem solvers, thoughtful community leaders, and people who care 

about the people, creatures, and places that surround them. As a proven method of 

achieving academic excellence, environmental education has been adopted as an 

effective tool for meeting and exceeding state and local educational standards… 

(p. 5) 

 For many the Belgrade Charter (UNESCO-UNET, 1976) and the Tbilisi 

Declaration (UNESCO, 1977) serve as the foundation of today‟s environmental 

education (Simmons et al. 2004).  See a brief description in Table 2.  They set a strong 

foundation for concepts and skills that an environmentally literate society should possess 
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and highlighted the importance of viewing the environment within the context of human 

impacts.   

Frederick (2005) refers to a collaborative work by Braus and Disinger (1998) that 

provides a comprehensive history of environmental education in the United States.  Table 

2 below indicates milestones in environmental education that Frederick chose to include 

in his abbreviated history. 

Table 2  

Important Events in the Development of Environmental Education 

Date Event 

1891 Nature Study for the Common Schools (Jackman, 1891) gave the first 

definition to the nature study movement and aimed to educate urban 

dwellers who had lost touch with the natural world. 

1911 The Handbook of Nature Study (Comstock, 1896), compiled from junior 

naturalist newsletters at Cornell University, was used to teach students 

natural history. 

1930’s The conservation education movement develops an initiative by resource 

management agencies, such as the Soil Conservation Service, as a way to 

educate the public about vital natural resources in response to soil erosion, 

floods and dust storms. 

1938 Experience and Education (Dewy,1938) outlines a philosophy of 

experience and its relation to education involving informal education and a 

philosophy of „learning by doing‟. 
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1950’s The rise of outdoor education developed from the concern that urban 

students were not having any contact or experience with the natural world.  

Teachers were encouraged to teach many subjects outdoors to increase  

these opportunities. 

1962 Silent Spring by Rachel Carson challenged the practices of agricultural 

scientists and the government, and called for a change in the way 

humankind viewed the natural world. 

1970 The National Environmental Education Act (P.L. 91-516) was signed into 

law, defining environmental education as the educational process dealing 

with man‟s relationship with his natural and man-made surroundings, and 

includes the relation of population, conservation, transportation, 

technology, and urban and regional planning to the total human 

environment. 

1975 The Belgrade Charter (UNESCO-UNEP, 1976) was developed, and states: 

„The goal of environmental education is to develop a world population that 

is aware of, and concerned about, the environment and its associated 

problems, and which has the knowledge, skills, attitudes, motivation, and 

commitment to work individually and collectively toward solutions of 

current problems and the prevention of new ones.‟ 

1977 The Tbilisi Report (UNESCO, 1978) built upon the Belgrade Charter and 

produced the following goals for environmental education: (a) to foster 

clear awareness of , and concern about economic, social, political and 
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ecological interdependence in urban and rural areas; (b) to provide every 

person with opportunities to acquire the knowledge, values, attitudes, 

commitment and skills needed to protect and improve the environment; and  

(c) to created new patterns of behavior of individuals, groups and society as 

a whole towards the environment. 

1990 National Environmental Education Act (P.L. 101-619) re-enacted the 

National Environmental Education Act, giving the US Environmental 

Protection Agency (EPA) a Congressional mandate to strengthen and 

expand environmental education as an integral part of its mission to protect 

the environment. 

1998 Closing the Achievement Gap: Using the Environment as an Integrated 

Context for Learning (Leiberman and Hoody, 1998) defined the first data 

regarding the use of the environment as a context for learning in all 

curricula for all students, and is the most reverenced document by 

environmental educators regarding the performance of students in science, 

literature and other content areas when the environment is used as the focal 

point for learning. 

Source: Urban Aquaculture, Frederick (2005) 

Frederick (2005) emphasized the link between environmental education and 

aquaculture education.  He indicated that aquaculture education became popular as an 

outgrowth and extension of environmental education.  He stated “Aquaculture holds great 

promise in promoting effective environmental education, the understanding of science 
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concepts and the management of natural resources” (p. 233).  He recognized that 

although aquaculture education began as part of vocational and agriculture education it 

could easily be part of nearly any school program. 

Dinsinger (1989) examined the extent environmental-related topics were included 

in K-12 curricula.  His survey indicated that infusion of environmental topics into other 

curricular areas was the prevalent delivery mechanism at both elementary and secondary 

levels. Disinger also examined which types of environmental education were commonly 

practiced and ways in which environmental education content was infused and found that 

nature study was the primary route of infusion in elementary schools. However, “When 

looked at across the K-12 board, energy education appears to be the most commonly 

employed approach to environmental education in the United States” (Disinger, 1989, p. 

131).  In secondary schools, science classes were most often named as the point of 

infusion and social studies to a lesser degree.    While others (Adams et. al.,1988; Agne & 

Nash, 1974; Ham & Sewing, 1987; Ritz, 1977) agree that science classes are the area 

most environmental education is infused.  Ham and Sewing (1987) note, “Efforts should 

be directed toward integrating environmental education into other curriculum areas 

besides science.  While science should not be ignored, integration of environmental 

education into other subject areas might enhance its growth in public schools”…. “one 

way to promote this integration is to indoctrinate students in teacher education programs 

into a multidisciplinary view of environmental education” (p. 23).  Both Ritz (1977)  and 

Agne and Nash (1974)  also espouse that environmental education is too important to be 

left exclusively to scientists and outdoor educators and insist that in-depth science 
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training should not be considered a pre-requisite because practitioners of language arts, 

social studies and the other humanities will not get involved. 

The State of Wisconsin initiated a number of efforts to infuse environmental 

education concepts into school systems in the late 1980s (Lane, Wilke, Champeau, & 

Sivek, 1994).   In 1990 the Wisconsin legislature passed an act requiring the periodic 

assessment of environmental literacy of Wisconsin‟s teachers and students.   In 1994 

Lane et al. conducted a study to assess Wisconsin teachers‟ perceived competencies, 

attitudes and class time devoted to teaching about the environment.  Based on the theory 

that environmental education concepts can be easily infused into a variety of subjects 

they surveyed a range that included agriculture teachers, art, business, health, home 

economics, language arts, math, music, science, social studies, and technical education. 

Results of their study implied that lack of training in environmental education is a major 

reason that teachers do not infuse the concepts. Teachers‟ overall attitude towards 

teaching environmental education was positive and agreed that environmental education 

should be considered a priority in their school system.  However, one third of the teachers 

surveyed indicated that they did not teach about the environment.  The primary reasons 

given were that they perceived environmental education did not relate to their content 

area or that they lacked the appropriate background in environmental education. 

Adams et al., (1988), though studying in Texas agreed that the lack of teacher 

preparation and training in environmental education hindered its development stating 

“Many environmental science programs were developed but inadequate teacher training 

in the utilization of program materials, curricula, and implementation procedures made 
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integration within the classroom problematic” (p. 19).  Lane et al.(1994) further support 

the lack of training as barrier to incorporating environmental education noting that 

teachers top responses to what would help them infuse more environmental education 

concepts were improved (in-service) training and better access to resources.  

While 95% of adult Americans (including 95% of parents) believe that 

environmental education should be taught in our K-12 schools (Coyle, 2005), some 

believe that it has not been utilized to its fullest potential.  Disinger, (1989) noted that 

unlike early 1970s in 1989 the environment had become a second-tier issue and the 

political attention was more focused on the economy and national security issues.  

Dinsinger (1989) states: “It also appears that environment is, from a national perspective, 

a second-order issue in the schools as well as in the political arena, though there are 

clearly many state and local situations where it thrives….” (p. 136) 

  While it is true that a basic level of science is necessary to understand how the 

ecosystem operates, it is equally important to understand and appreciate the human aspect 

and role in the equation.  Ritz (1977) offers advice on how to structure in-service training 

opportunities to attract all kinds of teachers, particularly teachers that are intimidated by 

the science aspect of environmental science.  Ritz (1977) suggests that the training must 

first address the affective nature of environmental education.  First and foremost, engage 

the teacher, get them emotionally involved.  Once they are motivated, the science will 

follow.    Ritz states, “it is the social sciences and the creative and language arts that 

enable us to discover and deal with human aspects of the ecosystem, provide means of 

aesthetic expression, and provide frameworks for combining knowledge, perception and 
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imagination to give form to ideas” (p.42).  Ritz suggests bringing teachers to workshops 

as teams of science and social studies teachers to help them understand how they can 

address the issues together.  It provides a way for the teachers to interact outside of their 

normal confines and address topics with a greater insight.  He provides a list of excellent 

guidelines for setting up in-service training efforts that will be inclusive and effective at 

bringing new educators into the environmental fold.  The characteristics Ritz suggested 

include:  

(1) The program should deal with basic science as needed, but it should not be 

science dominate; (2) it should be appropriate for teachers with a wide variety of 

backgrounds and interests; (3) it should provide training in the methods of 

environmental education, as well as its content; (4) it should have a strong 

motivational impact on the participants; (5) it should encourage teachers to 

environmentalize their teaching; (6) it should bring teachers into direct 

involvement with the particular environments under consideration; and (7) it 

should make a serious effort to engage teachers in exploring their personal 

assumptions, values, and feelings about society and self, and the relationship of 

these to the natural world (p. 42). 

Many of the issues of aquaculture education closely parallel environmental 

education.  While aquaculture encompasses conceptual, physical, scientific, and socio-

economic issues that could easily be integrated into nearly every school subject, the 

barriers and difficulties are similar.  Barriers such as teachers‟ lack of preparation and 

teaching time, training, materials and facilities are among those commonly identified 
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(Adams et al., 1998; Ham, Rellegert-Taylor, & Krumpe, 1987; Ham & Sewing, 1987; 

Chankook & Fortner, 2006; Oguz, Fortner, Adadan, Gay, Kim, Yalcinoglu, Betasli, 

Cook-Hoggarth, McDonald, Mishler, & Manzo, 2004;  Wingenbach, Gartin, & 

Lawrence, 2000).  Never the less, one area of environmental education that has seen 

superior progress is the area of marine and aquatic education (Fortner & Wildman, 1980; 

Goodwin & Schaadt, 1978; Lambert, 2006; Picker, 1985; Rakow, 1993). 

 

Marine/Aquatic Education 

 

Marine biology and marine and aquatic education in general can be considered a 

subset of environmental education and a growing segment of science education 

(Goodwin and Schaadt, 1978,  Lundie, 1989).  Like aquaculture, marine and aquatic 

studies have tremendous potential for integration in the classroom. In a document 

developed over two years and multiple professional workshops Goodwin and Schaadt 

(1978) postulated “The celestial observation that from the perspective of the moon, 

serves as an obvious reminder for the need to improve peoples‟ marine and aquatic 

education.  We are dwellers on a water world” (p.3).   The need for this type of education 

refers not necessarily to a subject but “…to a fundamental that pervades all aspects of 

human life, one which should be woven into the total fabric of education” (Goodwin & 

Schaadt, 1978, p.4), and should be integrated into every subject taught in our schools and 

incorporated into existing educational programs. 

After naming that the unifying factor of all things marine is saltiness, Goodwin 

and Schaadt (1978) defined the marine environment as that portion of the environment 

that contains or is directly influenced by salty water.  While the word aquatic is defined 
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by Parker (2002) as growing or living in or upon water Goodwin and Schaadt (1978) 

indicated that the word is most commonly associated with fresh water.   

Goodwin and Schaadt (1978) defined education in the broadest possible sense as 

the “entire variety of experiences through with people learn: formal and informal 

educational activities from kindergarten to graduate school and continuing education; 

recreational, work, and life experiences, and all forms of communication from personal to 

mass media” (p. 6). 

Given these definitions of marine, aquatic and education, Goodwin and Schaadt 

(1978) arrived at the definition of marine and aquatic education as the part of the total 

educational process which enables people to develop sensitivity to and general 

understating of the role of the seas and fresh water in human affairs and the impact of 

society on the marine and aquatic environments.  They added that the goal of this 

education does not and should not exist in isolation but an integral part of both 

environmental and general education.  They cited the following goals that if achieved 

would result in the American public becoming “literate” in marine and aquatic affairs.  

The goals they listed were to 1) develop a public which has a basic understanding of the 

marine and aquatic components as part of the whole environment and their importance to 

American life and society; 2) create a public with an awareness of and sense of 

responsibility for water; to evolve a new water ethic embracing the proper uses, 

protection, and conservation of the oceans, the coastal zone, and freshwater resources; 

and 3) motivate people to take part in decisions affecting the sea and fresh water while 
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equipping them with principles and information necessary to evaluate problems, 

opportunities and events. 

Fortner and Wildman (1980) provide an equally broad definition of marine 

education stating: “Marine education includes all formal and informal education 

experiences that impart information about the relationship of the global sea to all world 

systems and the impact of society upon that sea” (p. 717).  Marine education is part of a 

larger movement that has been underway for some time under various banners that 

include conservation education, outdoor education, and most recently environmental 

education.  Fortner and Wildman espoused that marine education is more than marine 

science education.  Beyond the science components of biology, chemistry, geology, 

meteorology, and physics there is recognition that the oceans also impact economics, 

global culture, and politics. 

To demonstrate the scope of marine education Fortner and Wildman (1980) refer 

to a survey of 400 marine science educators that yielded information about programs in 

30 states involving approximately 20,000 students in grades 7-12.  Prior to the 

development of stand-alone marine science or marine education classes, most of the 

marine studies elements were designed for infusion into existing science programs as 

interest blocks or as Fortner & Wildman (1980)  noted; 

 “Because of budget considerations, lock-step sequencing requirements, back-to-

basics trends, and the general level of demands on teacher time, educators rarely 

attempt the establishment of new precollege marine courses.  What has proven to 

be more acceptable to teachers is the instructional module that treats a standard 



41 

 

 

 

 

curriculum topic in a new way, in this case by using an oceanic or aquatic 

example of the concept. This curriculum infusion model allows marine education 

to become a topic for any discipline from language arrest to home economics, 

from physical education to physics” (p. 719). 

An exemplary curriculum that demonstrates the infusion capacity of aquatic 

subjects was Living in Water (LIW) a set of 50 activities divided into six areas developed 

by the National Aquarium in Baltimore for grades 5-7.  By 1989 the curriculum was used 

nationally and the aquarium was awarded a National Science Foundation grant to train 

master teachers to continue the national dissemination. At the LIW workshops, trainers 

provided a variety of hands-on activities for participants in small groups, exposing 

teachers to scientific principles and providing cooperative group experiences (Visconti-

Phillips, 1998). 

Lambert (2006) agrees that aquatic topics have great capacity for infusion and 

suggests that marine science provides both an excellent platform to develop scientific 

literacy and a means to build a truly integrated instructional approach incorporating 

elements of physical science, life science, earth and space science, technology, and 

science from personal, social and historical perspectives.   Working with nine secondary 

teachers from seven counties in Florida she tested the scientific literacy of nearly 400 

secondary students before and after taking an approved marine science course.  While the 

course content and teaching styles varied, the results of her investigation indicated a 

small but statistically significant improvement in scientific literacy (based on content 

from the National Science Education Standards developed by the National Research 
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Council and Benchmarks for Science Literacy developed by the American Association 

for the Advancement of Sciences).  Picker (1985) echoes Lambert‟s sentiment stating, 

“From an emphasis on marine science topics, aquatic education curricula have now 

evolved to include those nonscience aspects of the aquatic world which are considered 

fundamental to the overriding goal of producing and informed, aquatically literate public” 

(p.665).  Both Lambert and Fortner (2001) agree that marine science and aquatic 

education activities can be used as a model for teaching integrated science as long as the 

curricula and instructional practices are aligned with national standards and meet 

teachers‟ needs. 

To find out what teachers‟ needs are, researchers examined teachers knowledge of 

marine and aquatic topics and their perceived priorities about teaching them (Goodwin & 

Schaadt, 1978; Beiswnger, Milkent, Irby, & Story, 1979; Lundie, 1989; Sturges & Jones, 

1992; Rakow, 1993; Fortner & Meyer, 2000).  These researchers found that the majority 

of teachers surveyed thought marine and aquatic topics were important.  Fortner (2001) 

suggests that from their responses it is possible to identify which topics teachers want to 

know more about and why they are not teaching some topics (identifies topics that do not 

fit the curriculum, and also points out the need for materials in some cases).    Lundie‟s 

(1989) survey of nearly 300 science and social studies teachers in North Carolina found 

that 86% of the teachers included some marine concepts in their classroom. The studies 

also found that teachers‟ perceived importance of a topic was directly correlated with 

their knowledge of the topic.    Topics teachers felt the most knowledgeable about 

included the:  
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1. water cycle (Lundie, 1989; Beiswenger et al., 1992; Fortner & Meyer, 

2000) 

2. properties of water (Rakow, 1993 

3. sea as a source of food (Milkent et al., 1979) 

The topic with the highest priorities included: 

1. pollution of water (Lundie, 1989) 

2. the water cycle (Beieswenger et al., 1991) 

3. properties of water (Fortner & Meyer, 2000;  Rakow, 1993) 

4. marine ecology (Milkent et al., 1979). 

   A potential method to address the gap between teachers‟ knowledge and 

priorities is in-service training. Rakow (1993) surveyed environmental educators and six 

topics emerged as prime areas for in-service training and future curriculum development.  

These topics, which a majority of teachers rated as high or highest priority yet less than 

half of them considered themselves knowledgeable enough to teach included: (a) aquatic 

ecology, (b) the water table, (c) wetlands, (d) toxic waste dumping, (e) aquatic food 

webs, and (f) the influence of the aquatic environments on man. In a similar study, to 

maximize the potential impact of this type of training Fortner and Meyer (2000) 

examined the discrepancies between teachers‟ priorities and knowledge of various 

freshwater topics.  Among the topics with the highest rated priorities there was the 

greatest discrepancy between priority and knowledge about 1) an ecosystem approach, 2) 

wetlands, 3) aquatic life, 4) endangered species, and 5) food webs.   
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Outdoor Education  

 

Outdoor education can be interpreted in numerous ways. Outdoor education may 

manifest itself as science education, agricultural education, outdoor recreation, camping 

education, nature study, and the hows and whys of natural phenomena. (Carlson, 

Donaldson, Masters, & Smith, 1963; Hammerman & Hammerman, 1964; Hammerman, 

1980; Gilberson, McLaughlin, & Ewart, 2006; Jelmberg, Goodman, Breunig, & 

McLaren, 2008).  Carlson et al. (1963) define outdoor education as 

 … conceived to mean learning in and for the outdoors….Outdoor education is a 

means of curriculum enrichment through experiences in and for the outdoors.  It is 

not a separate discipline with prescribed objectives like science and mathematics; 

it is simply a learning climate which offers opportunities for direct laboratory 

experiences in identifying and resolving real-life problems, for acquiring skills 

with which to enjoy a lifetime of creative living, for attaining concepts and 

insights about human and natural resources and for getting us back in touch with 

those aspects of living where our roots were once firmly established. (p. 19) 

 While outdoor education may be thought by some to be simply the educative 

process conducted outdoors, authors stress that this process includes both the cognitive 

and affective aspects of learning and include sight, sound, taste, touch, and smell 

(Carlson et al., 1963; Gilberson, Riveken, 2000; McLaughlin, & Ewart; 2006). Priest 

(1986) describes outdoor education as a host of relationships that make up the 

experiential learning process.  These relationships include interpersonal, intrapersonal, 

ecosystem, and ekistic relationships, which are the interactions between human society 
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and the natural resources surrounding it.  Dumouchel (2003) perceived an even broader 

relationship between outdoor, adventure, and environmental education indicating they 

would fit well into a Venn diagram of overlapping circles each with their own individual 

aspects but sharing John Dewey‟s (1938) commonality of experiential learning or 

learning by doing. 

 

Historical Development of Outdoor Education 

Numerous educators and philosophers such as Comenius, Dewey, Froebel, 

Herbart, James, Pestalozzi, Rousseau, Spencer, and Thorndike have all supported the 

need to reinforce abstract, or book learning, with concrete experiences (Hammerman & 

Hammerman 1964, Hammerman, 1980).   Hammerman (1980) credits Sharp (1943) with 

one of the simplest statements that defines outdoor education.  “that which ought and can 

best be taught inside the schoolrooms should there be taught, and that which can best be 

learned through experience dealing directly with native materials and live situations 

outside the school should there be learned” (p.24). Other authors (Jelmberg et al., 2008) 

link the outdoor classroom and its‟ ability to educate and inspire all people, rich or poor; 

educated or not; and from all cultures to the philosophy of Paulo Freire. Freire, the 

Brazilian educator and social visionary, felt that the education of all people, regardless of 

social or economic status was the key to overcoming poverty and social inequality. 

 Few will argue that camping, or more formally known as resident outdoor 

education was the forerunner of today‟s outdoor education/classroom.  Hammerman 

(1980) provides a brief timeline of camping movement. 
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Table 3 

 

Timeline of Camping 

 

Date Event 

1823-4 The Round Hill School organized by George Bancroft and Joseph Cogswell 

sponsored outdoor education, hikes and camping. 

1861 Frederick W. Gunn credited with starting the first organized camp in 

America at Milford-on-the-Sound 

1948 The National Education Association recommended that the camping 

experiences should be provided to all youth as part of the public education 

program. 

1951 Lloyd B. Sharp founded the first National Outdoor Education Association 

1955  Establishment of the Outdoor Education Project by the American  

Table 3 (continued)  

Association for  Health, Physical Education and Recreation 

1964 Establishment of the Council on Outdoor Education with representatives 

from many fields, most significantly education, conservation, and recreation. 

  

 

Fitzpatrick (1968) developed a statement of philosophy for outdoor education:  

“Outdoor education is a method which utilizes resources beyond the classroom as a 

stimulus for learning and a means of curriculum enrichment (p. 37). Fitzpatrick indicates 

that although the idea of outdoor education has been around for several generations of 

American education emphasis on outdoor education did not begin in earnest until the 
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1940s. In 1948 the National Education Association recommended that camping 

experiences should be provided to all youth as part of the public education program.  In 

the 1950‟s camping programs had the attention of the public, and in 1955 the American 

Association for Health, Physical Education and Recreation initiated the Outdoor 

Education Project.  The project aimed to expand outdoor education beyond camping and 

improve leadership in teaching skills and increase the understanding of the outdoors as an 

educational enhancement.  As early as 1964, authors recognized the ability of television, 

an electronic resource, to bring the marvels of the outdoor world into the living room or 

classroom (Hammerman & Hammerman, 1964).  Despite this novel new resource many 

children today are largely oblivious and unaware of the natural wonders unfolding around 

them.  The daily drama of life and death that occur every day among the insects and small 

animals in the back yard or on the school grounds go unnoticed.  When computers, iPods, 

and cell phones are added the distractions of daily life, chances of reversing this trend is 

more difficult than ever. 

 

Functionality of Outdoor Education  

 Education outside of the classroom just as important as that which occurs indoors 

(Hammerman and Hammerman, 1964). 

 Jelmberg et al. (2008) suggest that the outdoors is an ideal learning environment:  

 In today‟s confusing culture… almost all youth require authentic (outdoor) 

activities to build connection to real-world meaning for the value of one another 

and the need to protect our environment.  Often lost in a make-believe world of 

video games and a mass-marketed culture of violence and escapism, today‟s 
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youth need mentoring to guide them to the world of authentic experience and 

personal connectedness. (p. 5)   

The writings of Carlson et al. (1963) suggest that urbanization, mechanization and 

the automation of the work environment have led to a degradation of both man‟s physical 

well-being and his connection to his original habitat (the land).   They suggest that all 

entities associated with the educative process (home, school, church, community agencies 

and government) should include outdoor education components.   

Learning from and through nature is and always has been a part of the 

developmental process of human beings.  It is not surprising, in the midst of a 

materialistic culture fraught with the problems created by a high degree of 

industrialization, that society seeks to rediscover the link between man and the 

earth from which he sprang. (Carlson et al. 1963, p. 14) 

Outdoor education has the capacity to meet the physical, emotional, and spiritual 

needs of today‟s citizens.  They go on to say that it is generally accepted that direct 

experience and problem solving are among the most important educational methods.  It is 

apparent that thinking and doing cannot be separated.   Outdoor classrooms enable 

children, as well as adults, to use all of their senses to gather information.  Sight, sound, 

smell, taste, and feeling are all important components in learning and are abundantly 

available in the outdoor classroom. 

Outdoor classrooms provide materials for learning and makes good use of a 

community resource.  The outdoor classroom is a well-equipped laboratory with a variety 

of live, colorful and manipulative resources and opportunities. It is an easy way to extend 
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learning beyond the four walls of the classroom and connect classroom studies to the 

“real world.”  Children often feel more comfortable outside of the classrooms‟ restrictive 

rules and procedures and are less inhibited allowing them to freely communicate and 

improve their communicative abilities (Carlson, 1963).  Hammerman and Hammerman 

(1964) agree that the outdoor classroom is wide open and describe the outdoor classroom 

as one in which the boundaries are always changing.  The floor, walls, and ceilings 

change by location and time and there is a limitless variety of study opportunities.  The 

classroom is as large as the student cares to venture. 

Students who have the opportunity to experience abstract concepts first hand 

usually learn faster and are able to retain the knowledge longer than if the information 

came solely from reading a book. Hammerman and Hammerman (1964) state: 

 The pupil substitutes his own direct experience in the form of sights, sounds, 

odors, tastes and feelings for mere words in a text, and thus enhances and makes 

more meaningful the great mass of verbal knowledge to which he has already 

been exposed.  (p.43)   

Fitzpatrick (1968) concurs stating: 

Outdoor education is a method which utilizes resources beyond the classroom as a 

stimulus for learning and a means of curriculum enrichment.  By extending the 

learning environment beyond the classroom, theoretical knowledge is enriched by 

practical knowledge gained through firsthand experiences with people, places, 

and things.  The knowledge obtained through this direct approach to learning 

should enable the individual to better understand the unity of all life.  It should 
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also help him to develop a sense of pride for the historical, educational, scientific, 

recreational, and inspirational values that are part of his heritage.  Ultimately, he 

should be able to play a more constructive role in the society of which he is part. 

(p. 37) 

It is generally accepted that direct experience and problem solving are among the most 

important educational methods.  It is also apparent that thinking and doing cannot be 

separated (Carson et al., 1963).   As an example of the development of pride and values 

Carson et al. (1963) and Ryan, (1991) report that when school children actively 

participate in outdoor classroom conservation activities such as planting a tree, helping 

control soil erosion or constructing a learning facility they immediately feel a 

responsibility for the care and use the resource and facilities.   

Referring to the outdoor classroom from a pedagogical perspective, Gilberson et 

al. (2006) state: 

… any educational philosophy or method must meet the needs of a particular 

curriculum, whether it is part of an organized school system, private business or 

not-for-profit organization.  In other words, the setting and method of instruction 

must work in concert to fulfill the organizations educational mission. (p. 12) 

In many cases fulfilling the educational mission includes teaching a variety of subject 

areas. Outdoor classrooms and outdoor activities cross all subject matter areas.  Table 4 

indicates some of the potential curricular areas available in the outdoor classroom.   
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Table 4 

Potential Curricular Areas Available in the Outdoor Classroom 

 

Subject matter area Specific disciplines or example activities 

Art Campfire cooking, painting, rock collecting, sculpture with natural 

materials, wood crafting.  

Physical education Archery, casting, orienteering, shooting, skiing, running and water 

sports. 

Humanities Creative writing, poetry, storytelling 

Sciences Agriculture, biology, botany, entomology, geology, ornithology, 

and zoology. 

Music Campfire singing, nature songs, and using natural materials as 

instruments. 

Social Studies Anthropology, group dynamics, and history. 

 

 

One of the many educational techniques commonly applied in outdoor education 

is problem solving. As Hammerman & Hammerman (1963) concur this techniques is the 

essence of learning in real life and is the way most of us learn when we are sufficiently 

motivated or curious about something to investigate it on our own.  They add that 

resident outdoor education, or camping, has the added benefits of placing the students 

and teachers in an environment where they learn more about each other.  Students see 

teachers as a real person eating three meals a day and performing other daily activities 
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just like they do.  The teachers also have the opportunity to view and interact with 

students in a more open and familial setting without the structured confines and rules 

associated with a classroom environment.  The extended time spent together allows 

uninterrupted teaching and taking whatever time is necessary to fully discover experience 

and learn about a particular subject. 

  A common theme that runs through the definitions of outdoor, environmental, 

marine, and aquatic education is that through direct structured experiences, indoors or 

out, people learn about nature, themselves, and their place in the community and 

ecosystem.  Carlson et al. (1963) identify eight similar characteristics inherent in outdoor 

education that expedite the learning process: (a) direct experience, (b) discovery, 

exploration and adventure; (c) sensory learning, (d) activities natural to childhood and 

youth, (e) intense interest, (f) problems are reality based, (g) problems in context, and (h) 

in general it is very active.  Each of these areas incorporates hands-on activities that 

enable and enhance their educational potential.  This hands-on learning is known as 

kinesthetic learning and will be reviewed next. 

 

Hands-on Learning 

The term hands-on learning has become a common phrase in today‟s education 

arena.  Like many commonly used terms it has different meaning to different people.  In 

this section we will examine several definitions of hands-on learning, why it is used or 

should be used, a brief discussion of its history and some of the barriers identified 

restricting its‟ use.   
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Learning takes many forms. It can be cognitive (gaining new knowledge), 

psychomotor (obtaining a new physical skill), or affective (learning how to communicate 

more effectively).  There are multiple theories of learning including behaviorism, 

humanism, constructivism and others.  Hands-on learning draws its philosophical support 

from theoreticians such as Pestalozzi, Friere, Lewin, Piaget, Dewey, Bruner, Kolb, and 

others who collectively represent a constructivist view of knowledge and learning (Kolb, 

1984; Haury & Rillero, 1994; Duffy & Cunningham, 2007; Flick, 1993; Korwin & Jones, 

2009; The Historical Roots, 2009). This view holds that students participate significantly 

in the teaching-learning process using prior knowledge to make meaning out of new 

experiences. “Constructivism looks at learning as an active process in which the learner 

builds on prior knowledge to select and transform information based on their own 

cognitive structure (patterns of mental action that form intellectual activity)” (Friesen & 

Kristjanson, 2007, p. 41).  Wilson (1999) expounds on the variations in which individuals 

construct their own knowledge.  He states: 

The human genome dictates that at the species level we are all the same, while at 

the individual level we are all different. How does this work? The British 

psychologist Henry Plotkin says it is done with what he has called “heuristics” - 

he means inherent, individually specific physical and mental capacities by which 

we tune into and react to important conditions or events in the environment 

(paragraph 34). 

In its‟ simplest form the term hands-on learning or hands-on education is as Dewy 

(1938) describes it learning by doing.   In addition to recognizing Dewey as one of the 
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strongest proponents of learning by doing, Richardson (1994) notes that among the 

United States‟ Cooperative Extension Systems and Land Grant universities:  

Perhaps the most well known proponent of learning by doing is indeed the person 

generally recognized as the "father" of Extension--Seaman A. Knapp. He stated 

that: "What a man hears, he may doubt; what he sees, he may possibly doubt, but 

what he does, he cannot doubt (paragraph 2). 

The term hands-on implies that students will physically put their hands on objects 

as opposed to just reading about them in a book. “Students work directly with materials 

and manipulate physical objects to physically engage in experiencing science 

phenomena” (Bruder, 1993, p.23).  Hands-on learning, however, requires more than just a 

simple definition to describe it.  It is more than just a set of activities, it is a philosophy.  

A Chinese proverb tells us “Tell me and I‟ll forget; show me and I may remember; 

involve me and I‟ll understand” (Friesen& Kristjanson, 2007).   

Hands-on learning can be described in many ways each of which has its own 

specificities.  Haury and Rillero (1994) suggest that “It (hands-on learning) is engaging in 

in-depth investigations with objects, materials, phenomena, and ideas and drawing 

meaning and understanding from those experiences” (p.15).    It requires students to 

become active participants in the learning process which has great value in improving 

student understanding, particularly of science topics. 

There are two ways that we find the term hands-on science in common use today.  

The first, uses hands-on science to refer to a general approach to instruction.  

Hands-on science can be thought of as a philosophy guiding when and how to use 
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the broad range of teaching strategies needed to address diversity in contemporary 

classrooms…. The second way hands-on science is commonly used is in terms of 

a specific instructional strategy where students actively engage in manipulation of 

materials, using what is called a hands-on science activity (Flick, 1993, pp.1-2). 

Korwin (2009) indicates that technology education has also been positively 

affected by the use of hands-on activities to relate concepts and notes that “there is a 

significant difference between learning with and without hands-on activities….organized 

psychomotor participation increase the learning of a technical concept” (p.3). 

The term hands-on is so widely used that it is hard to believe that it is something 

of a newcomer.  It first surfaced in the late 1960s meaning to learn how to use a 

computer by actually using ones hands-on the keyboard, as it were.  Although the 

computer people coined the term, the idea of learning by doing is an ancient one 

in the arts and crafts, and it has become a mark of good teaching in science and 

math (Rutherford, 1993, p. 5). 

The philosophy of hands-on learning is often considered synonymous with experiential, 

hands-on-minds-on, and inquiry based learning (Kolb, 1984; Flick, 1993; Rutherford, 

1993; Haury & Rillero, 1994; Fortner, 2001).    

This perspective on learning is called „experiential‟ for two reasons.  The first is 

to tie it clearly to its intellectual origins in the work of Dewy, Lewin, and Piaget.  

The second reason is to emphasize the central role that experience plays in the 

learning process.  This differentiates experiential learning theory from rationalist 

and other cognitive theories of learning that tend to give primary emphasis to 
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acquisition, manipulation, and recall of abstract symbols, and from behavioral 

learning theories that deny any role for consciousness and subjective experience 

in the learning process…. Experiential learning theory a holistic integrative 

perspective on learning that combines experience, perception, cognition, and 

behavior (Kolb, 1984, p. 20-21). 

Theories of Dewey, Friere, Lewin, and Piaget all encompass at least 3 common 

elements of learning in what is called the learning cycle, (a) some form of concrete 

action, (b) reflection about that action and (c) the development of knowledge from that 

action/reflection to apply to new situations (Kolb, 1984).  Additionally, Kolb (1984) 

provides other common characteristics of experiential education including: (a) Learning 

is best conceived as a process, not in terms of outcomes; (b) Learning is a continuous 

process grounded in experience; (c) The process of learning requires the resolution of 

conflicts between dialectically (arriving at the truth by the exchange of logical 

arguments) opposed modes of adaptation to the world; (d) Learning is a holistic process 

of adaption to the world; (e) learning involves transactions between the person and the 

environment and (f) learning is the process of creating knowledge. 

 

History of hands-on Education 

 The history of hands-on education requires us to look into our distant past as a 

species. The intimate connection between the human hand and its activity and the 

development of creative thinking and language capacities has developed for 100,000 

years. Wilson (1999) relates in fascinating detail the pivotal role of hand movements in 

particular in the development of thinking and language capacities and in developing deep 
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feelings of confidence and interest in the world. These elements together are essential 

prerequisites for the emergence of the capable and caring individual. Wilson describes 

the development of the hand and how small anatomical changes in the hands structure 

made enormous impact on human capabilities.  For instance, the development of the 

index and middle finger and their ability to grasp and throw objects allowed the earliest 

Homo sapiens to hunt by throwing rocks.  Later development of the ability to move the 

third and fouth fingers across the hand towards the thumb (Ulnar opposition) greatly 

increased the grasping and manipulative potential of the hand. These new anatomical 

abilities allowed the hand to grip and manipulate larger objects in varying shapes such as 

a club or spear.  The simultaneous development of the brain allowed the humans to 

manipulate the hands with ever greater control.  Wilson (1999) notes: 

Since it does not seem likely that the brain‟s remarkable capacity to control 

refined movements of the hand would have predated the hand‟s biomechanical 

capacity to carry out those movements, we are left with a rather startling but 

inescapable conclusion: it was the biomechanics of the modern hand that set the 

stage for the creation of neurologic machinery needed to support a host of 

behaviors centered on skilled use of the hand. If the hand did not quite literally 

build the brain, it almost certainly provided the structural template around which 

an ancient brain built both a new system for hand control and a new bodily 

domain of experience, cognition, and imaginative life. (Wilson, 1999, paragraph 

30) 
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Educational theory supporting psychomotor activities to aid cognitive growth had 

its origins in the 1700's. Though experiences were often part of personalized education, 

such as apprenticeships or trades passed from generation to generation, Jacque Rousseau 

and JoHann Heinrich Pestallozzi proposed that doing was not an end in itself, but a way 

of expanding learning (Barlow, 1967).  Table 5 provides a list of a few of the important 

figures in the history of hands-on learning. 

Table 5 

 

Historical Timeline of Hands-on Education 

 

 

Date Event 

1760s Rousseau published a treatise on education in which he argued that the 

senses were the basis of intellectual development and that the child‟s 

interaction with the environment was the basis for constructing 

understanding.  Rousseau emphasized learning by doing with the teacher‟s 

role being that of presenting problems that would stimulate curiosity and 

promote learning. (Duffy & Cunningham, 2007) 

1780s Pestalozzi extended Enlightenment ideas into education by having students 

learn from experiences and observation rather than from the authority of 

the textbook and the teachers.  Among Pestalozzi‟s most important 

philosophical contributions to education are (a) instructional methods that 

encourage harmonious intellectual, moral, and physical development; (b) 

his methodology of empirical sensory learning, especially through object 
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lessons; and (c) his use of activities, excursions, and nature studies that 

advanced progressive education.  

1810-30‟s Froebel‟s The Education of Man (1826) had a profound effect on the 

approach to early childhood education. Friedrich Froebel believed in the 

development of intelligence and character through activities that engaged 

the interest of children. In 1837 Frobel established the first kindergarten 

based on his theories.  Froebel labeled his approach to education as "self-

activity". This idea allows the child to be led by his or her own interests 

and to freely explore them. The teacher's role, therefore, was to be a guide 

rather than lecturer. 

1860s Pestalozzi's ideas of using objects for teaching were spread in America in 

the 1860s. The Object Teaching Revolution occurred as a direct result of 

teacher education (Rillero, 1993). This movement challenged the 

dominance of the textbook in education and promoted active learning by 

students. 

1893 The Committee of Ten (National Education Association, 1893) was 

instrumental in securing a permanent place for science in the American 

school curriculum. The science committees repeatedly stressed the 

importance of object manipulation by students. The Physics, Chemistry  

and Astronomy Committee recommended "That the study of simple natural 

phenomena be introduced into the elementary schools and that this study, 

so far as practicable, be pursued by means of experiments carried on by the 
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pupil" (National Education Association, 1893, p. 118). 

1900 Maria Montessori, an Italian educator and originator of the educational 

system that bears her name developed an education system based on the 

belief in the child‟s creative potential, his drive to learn, and his right to be 

treated as an individual (Montessori, 2009)  As a physician, Dr. Montessori 

was very involved with the care of young children. Through scientific 

observation, she came to see how children interacted with one another, 

learned through the use of materials she provided, and went through 

specific phases of development. 

1910-40s John Dewey was perhaps the greatest proponent of situated learning and 

learning by doing. Dewey, like Rousseau, reacted against the traditional 

educational framework of memorization and recitation and argued that 

"education is not preparation for life, it is life itself." Also like Rousseau, 

Dewey was responding to the need for restructuring education to meet the 

changing needs of society, in this case the start of the Industrial Age in 

America and the demands of industrial technology. Dewey argued that life, 

including the vocations, should form the basic context for learning. In essence, 

rather than learning vocations, we learned science, math, literature, etc., 

through vocations (Kliebard, 1986).   

1920‟s Swiss psychologist, Piaget, was the first to make a systematic study of the 

acquisition of understanding in children. Piaget described two processes 

used by the individual in its attempt to adapt: assimilation and 
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accommodation. Both of these processes are used throughout life as the 

person increasingly adapts to the environment in a more complex manner. 

Using mostly case studies Piaget identified 4 cognitive stages that were 

closely intertwined use of the hands and all of the senses to relate to the 

environment.  The 4 cognitive stages in order of development include (a) 

the sensorimotor stage, (b) pre-operational stage, (c) concrete operational 

stage, and (d) formal operational stage (Huitt & Hummel, 2003). 

1960s-70s Like Rousseau and Dewey, Jerome Bruner saw learning in the activity of the 

learner.  In particular he emphasized discovery learning, focusing on the 

process of discovery in which the learner sought understanding of some issue. 

Within this context, Bruner emphasized that the issues or questions that guide 

the discovery process must be personally and societally relevant (Bruner, 

1966). 

1970s -> Experiential education has made many in-roads with the mainstream 

educational establishment in science and industrial arts. Industrial arts has 

always used various projects to stimulate interest, develop skills, and 

increase learning. Technology education has continued to focus on hands-

on activities and modified them, helping students become technologically 

literate by developing problem solving adaptation skills and a positive 

attitude toward technology (Martin, 1985).    
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The advent of the computer and its‟ evolution into a graphically rich and 

interactive environment have inspired researchers to explore the possibilities of 

integrating it as another hands-on education tool. Using the computer as a learning tool, 

computer based instruction (CBI), has yielded positive results in several areas.  Kulik 

(1994) conducted a meta analysis of computer based instruction and identified four  

major points emerging from the meta analyses: (a) students usually learn more in classes 

when they receive CBI, (b) students learn their lessons in less time with CBI, (c) students 

like their classes more when they receive computer help in them, and (d) students 

develop more positive attitudes towards computers when they receive help from them in 

school. Ayers and Melear (1998) showed that the use of multimedia and computer aided 

instruction (CAI) I was also of benefit to informal education outside of the classroom.  

They tested whether the use of an interactive multimedia exhibit was more effective than 

a traditional hands-on exhibit in teaching physical science concepts in a museum setting.  

While both exhibits were effective in attracting and engaging students, they found that 

students exhibited increased learning when they interacted with a multimedia exhibit.  

Swann, Branson & Talbert (2003) while working with Cooperative Extension agents 

found that CBI was also effective in training educators as students.  They did note 

however that  

They [Extension Agents] prefer a variety of delivery systems when receiving in-

service training. A combination of CBI, web, electronic mail, internet chat 

software, internet discussion groups, satellite teleconference, phone conferencing, 
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small group interactions, hands-on activities, and face-to-face lecture would be 

preferred to the use of only one or two delivery methods. (Implications section)   

Another Cooperative Extension Specialist (Richardson, 1994) concurred with 

Swann et al., (2003) findings indicating a preference for multimodal learning. Richardson 

found that both adult clientele and new county agents preferred to gain new knowledge 

and skills through experiential opportunities that included elements of doing, seeing and 

discussing. 

Yaakub and Finch (2001) identified yet another positive attribute of computer 

assisted instruction and showed that computer-assisted instruction focusing on higher 

order learning in technical education was more effective than traditional instruction.  

These findings indicate that the computer is more than simply a hands-on tool but a 

means to transform these activities into higher order thinking skills such as analysis, 

synthesis, and evaluation. While computer based and computer-aided instruction has 

shown great promise in the improvement of learning, Wilson (1999), wrote the wholesale 

replacement of hands-on activities with computer generated images, mouse, and 

keyboard may be an enormous mistake for which we will not see results for 20-30 years:  

Suppose, for example, that it turns out that kids are like free-range chickens with 

respect to early childhood hands-on experiences. It doesn‟t really matter precisely 

what they pick up and tinker with, or pull apart and try to put back together, but 

they actually need to do something of that kind or else they will turn out later to 

be incapable of grasping not just a screwdriver or a wrench but an idea that comes 

easily when you can remember what such a tool feels like or behaves in your 
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hand, and doesn‟t come to you at all if you have never had your hands on 

anything but a computer keyboard or a mouse or a joystick (paragraph 50)…They 

[computers/internet] can never replace the “human dimension”  the teacher‟s 

voice telling stories that feed the child‟s imagination; the teacher‟s helping hand 

helping the child‟s to grasp the butterfly net; the teacher‟s eye and heart that see, 

as no machine will ever see, the spark of recognition in the child‟s face 

(paragraph 61). 

While current research supports the notion that the brain learns best through rich, 

complex, and multi-sensory environments, Jensen (2000) stresses the need to place 

learning by doing activities into socio-cultural contexts.  Lauda and McCrory (1986) 

noted that industrial arts evolved into a discipline oriented toward developing skills for 

the skills themselves rather than developing knowledge of industry. Hands-on activities 

included building projects that incorporated the learning of "...technical processes without 

conscious concern of the socio-cultural context in which they exist..." (p. 28). 

Roberts (2007) agrees and states, “We must move beyond mere „learning by 

doing‟ ….Using only the learning by doing definition, experiential education becomes 

nothing more than activities and events with little to no significance beyond the initial 

experience” (Chap 2, p.9). 

 

Barriers 

Each of the educational models examined (aquaculture, environmental education, 

marine/aquatic education, outdoor education, and hands-on education) were at one time 

considered new and innovative and as such encountered significant barriers to 
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implementation. Often times, particularly in schools, innovativeness is met with 

resistance.  El-Ghamrini (1996) alludes to some of the reasons for the lag in educational 

innovativeness.  He cites the lack of economic incentives for teachers to adopt new ideas 

and take on additional work.  Teachers are generally paid based on their tenure and level 

of educational attainment regardless of their innovativeness.  Lovett (1999) concludes 

that the extra time required to develop (aquaculture) curriculum, run the aquaculture labs, 

and set up and maintain the systems was the first drawback to offering aquaculture 

classes.  Other researchers concur that the shortage of time, both teaching and 

preparation, and the additional work load are significant barriers to implementing any of 

these innovative educational models (Byo, 1999; Conroy, 1999; Conroy & Walker, 1998; 

Fortner & Wildman, 1980; Wingenbach et al., 2000). 

While Lovett (1999) found time to be the limiting factor in implementing new 

areas of study,  most other researchers found that teacher training and education about the 

subject matter was the primary limitation to their implementation and inclusion with 

existing subject matter (Carlson et al., 1963; Fortner, 2001; Garton & Chung, 1996; Lane 

et al., 1994; Lundie, 1989; Milkent et al., 1979; Picker, 1985; Ritz, 1977; Schriebman & 

Zarnok, 2005; Wingenbach et al., 2000). 

The third most commonly identified barrier to implementation was the real or 

perceived lack of quality curriculum materials (Adams et al., 1988; Garton & Chung, 

1996; Lane et al., 1994; Picker, 1985; Wingenbach et al. 1998, 2000).  Five other barriers 

that were identified included the high cost of equipment and new or remodeled facilities 

(Adams et al., 1988; Byo, 1999; Conroy, 1999; Wingenbach et al. 1998, 2000); inflexible 
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or full curriculum (Fortner & Wildman, 1980; Conroy, 1999); the belief that the new 

subject matter was unrelated to the teachers disciplines (Lane et al.; Ritz, 1977; Goodwin 

& Shaadt, 1978); territorial issues between teachers (Conroy & Walker, 2000); and 

administrative support (Picker, 1985). 

 

World Aquaculture 

The Food and Agriculture Organization of the United Nations [FAO] report 

(2007) entitled The State of World Fisheries and Aquaculture 2006 provides an excellent 

thesis statement of current aquaculture. 

 Aquaculture is developing, expanding and intensifying in almost all regions of 

the world, except in sub-Saharan Africa. Global population demand for aquatic 

food products is increasing, the production from capture fisheries has leveled off, 

and most of the main fishing areas have reached their maximum potential. 

Sustaining fish supplies from capture fisheries will, therefore, not be able to meet 

the growing global demand for aquatic food.  Aquaculture appears to have the 

potential to make a significant contribution to this increasing demand for aquatic 

food in most regions of the world…” (FAO, 2007, p.iv) 

These sentiments are echoed by The World Fish Center (2008) and indicate the 

importance of aquaculture as a potential food supply for the world‟s 600 million people 

who do not have enough to eat.  Historically, the oceans were considered a limitless 

source of food and fish.  However, in the last 10 years total capture fisheries has leveled 

off to around ninety million metric tons (Carlberg, 2001) and forced people to re-evaluate 
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their view of the ocean as an infinite food resource.  The executive summary of the Pews 

Oceans Commission‟s report, America’s Living Oceans: Charting a Course for Sea 

Change states that, “Thirty percent of the fish populations that have been assessed are 

overfished or are being fished unsustainably. An increasing number of these species are 

being driven toward extinction” (Pews Ocean Commission, 2003, p. vi), and that:  

We have reached a crossroads where the cumulative effect of what we take from, 

and put into, the ocean substantially reduces the ability of marine ecosystems to 

produce the economic and ecological goods and services that we desire and need. 

What we once considered inexhaustible and resilient is, in fact, finite and fragile 

(p. v).  

According to the FAO (2006) world aquaculture has grown at an average annual 

rate of 8.8 percent from the early 1950‟s to 2004.  In 2009 they reported that the total 

aquaculture production was close to 51.6 million tons in 2008, and that this production 

represents roughly fifty percent of the total seafood supply.  While aquaculture is still 

considered an emerging industry compared to agriculture, the value of the global seafood 

trade (as measured by imports) surpassed the $100 billion mark for the first time ever 

(FAO, 2009).  To compare these figures to growth in agriculture Ernst (2000) indicated 

that: 

 Since 1984, global aquaculture output has increased at an average annual rate of 

about 10%, compared with a 3% increase for livestock meat and a 1.6% increase 

for capture fisheries.  Aquaculture provided 8% of global fishery production (11% 

food fish) in 1984, increasing to 22% (29% of food fish) in 1996” (p.1).  
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China and the rest of Asia account for more than 90% of the production (China 

69.6% and the rest of Asia 21.9%) while North America (the U.S. and Canada) account 

for only 1.3%.  Although the production in China is very high they focus on relatively 

low value species such as carp and seaweed.  Therefore, the total value of their 

production is only 45% of the global market is much less than their 69.6% production 

biomass.   

An FAO consultant, Garibaldi (1996), identified at total of 262 aquaculture 

species including 151 fish, 39 crustacean and 72 mollusks.  This number is increasing 

yearly with emphasis in recent years on developing technologies to reproduce and grow 

marine species with high market value.   

Aquaculture is conducted in nearly all aquatic environments including freshwater, 

brackish, and marine utilizing a variety of production techniques and levels of intensity 

(Stickney 1979). Aquaculture species can be divided into numerous categories.  Among 

the most common are: freshwater finfish (catfish, carp, tilapia); marine finfish (salmon, 

mullet, milkfish); freshwater crustaceans (crayfish, freshwater prawns); marine 

crustaceans (shrimp, lobster, crabs); marine mollusks (clams, mussels, oysters); marine 

gastropods (abalone, conch), and freshwater and marine algae (microscopic freshwater 

algae, red and brown seaweeds,) (Ernst, 2000).  According to Ernst extensive, or low 

intensity, aquaculture can produce gross yields of fish from 50 to 3,000 kilograms per 

hectare (kg/ha) and generally occurs in static water ponds with primary reliance on 

natural foods and minimal added fertilization.  Semi-intensive production includes 

aeration (mechanical agitation of the water to increase dissolved oxygen levels), limited 
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water exchange, some utilization of natural foods and the addition of prepared feeds.  

Semi-intensive systems can yield 3,000 to 20,000 kg/ha.  The U.S. catfish industry is an 

example of this semi-intensive technology.  Intensive production systems continuously 

exchange water, with water flowing through or filtered and recirculated water, aerate 

(often with pure oxygen), and apply high rates of prepared diets.  This intensive 

production requires a higher level of management skill but can generate yields from 

20,000 to 1,000,000 plus kg/ha.   

Ernst (2000) noted that in terms of global production, “Major production species 

were all low in the food chain, consisting of primary producers (e.g. kelp) filter feeders 

(e.g. bivalves and carp), or finfish that as adults are herbivores or omnivores (e.g. carp 

and tilapia” (p.3).  He also indicates that intensive production technologies are a 

relatively new development and that, “Globally, almost all aquaculture production is 

extensive or semi-intensive, in outdoor, solar-algae pond environments which may be 

integrated with agricultural practices  with respect to water, animal manures, and other 

resources” (p.3).  Extensive production is most often used to produce lower value species 

in communities where subsistence is the primary goal, the availability of inputs is low, 

and where low- technology agriculture is the norm.  Carp are one of the most commonly 

cultured species using extensive production techniques.  More intensive and particularly 

the highly intensive production schemes usually involve higher value species that warrant 

the extra inputs and can generate increased revenues to cover increased production costs. 

While the yields from intensive production systems are very high on a kg/ha basis, only a 

tiny portion of global production is based on this technology (Ernst, 2000; FAO, 2009).  
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While aquaculture has grown rapidly over the last several decades, this growth 

has not been geographically uniform. It grew much more quickly in developing countries 

than developed areas.  The developing countries, as opposed to the developed countries, 

needed not only a source of protein but a product for export and source of revenue.  “In 

regions where aquaculture development has been rapid, the long-term environmental and 

economic sustainability of certain production practices has come into question” (Ernst, 

2000, p.4).  The impact of shrimp farming on coastal mangrove forests and the impact of 

raising salmon in sea cages on area water quality have received much public attention.  In 

contrast FAO (2006) notes that:  

Aquaculture has continued to attract largely unsubstantiated negative publicity as 

an environmental polluter. The output of nitrates and phosphates from aquaculture 

is considered insignificant in terms of contributing to nutrient loading in most 

regions of the world but may have local impacts on eutrophication and algal 

blooms. Great strides have been made in the last decade in mitigating nutrient and 

organic inputs from aquaculture (FAO, 2006, p.120).  

As in any industry, aquaculture has experienced growing pains and has faced 

many challenges.  As each challenge is met new ones appear. Ernst (2000), Schwarz 

(2005), and FAO (2006), identify numerous constraints and impediments to aquaculture 

growth in both developing and developed countries.  They include:  

1. Probable resource use conflicts (land, water and other resources) 

2. Potential and real environmental degradation 

3. Shortage of available development capital 
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4. Lack of specialized equipment and supplies 

5. Limited technical knowledge 

6. Limited ability to apply knowledge 

7. Restrictive environmental regulations 

8. High energy costs 

9. Negative public opinion 

Despite these hurdles aquaculture continues to evolve move and forward.  FAO 

(2006) identifies several general trends in global aquaculture. They include the: 

1. Continued intensification of aquaculture production 

2. Continued diversification of species  

3. Continued diversification of production systems and practices 

4. Increased influence of markets, trade and consumers 

5. Enhancement of regulations and improved governance of the sector, 

6. Drive towards better management of the aquaculture sector 

The world population is now at six billion people and is projected to climb to 9.5 

billion by 2040.  Population growth has increased to the point that capture fisheries alone 

can only fill two thirds of the current demand for fish, thus almost all future demand will 

have to be met by aquaculture (Tidwell and Allen, 2002).   El_Ghamrini (1996) estimated 

that aquaculture production would have to grow more than seven fold to meet the world 

demand by 2025.  World average per capita consumption of seafood is approximately 18 

kilograms (39.6 pounds) and is expected to rise to 20 kilograms (44 pounds) by 2030 

(Carlberg, 2001).  The population change combined with an increase in per capita 
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consumption will require total seafood supply to nearly double.  With a nearly fully 

exploited ocean catch the remaining volume, if it is to materialize, will necessarily be the 

result of aquaculture. 

 

Aquaculture in the United States 

The 2005 Census of Aquaculture by the United State Department of Agriculture 

indicated that there are 494,995 acres, owned or leased, in aquaculture production on 

4,309 farms.  The United States aquaculture industry generates about US $1 billion each 

year with 70% of that total being generated by catfish production (Timmons, 2005; 

USDA, 2005).  While this value relegates the United States to 10th in global production, 

it is significant, because consumers in the United States import $13.4 billion in seafood 

and fisheries products (Kirkley, Ward, Moore, Hayes, Hooker & Walden., 2009).   

The National Oceanic and Atmospheric Administration [NOAA] (2008) indicated 

that in 2007 the U.S. per capita consumption of seafood was 7.41 kilograms (16.3 

pounds) which was down from the previous level of 7.5 kilograms (16.5 pounds)  in 

2006.  They note that approximately 84% of seafood was imported in 2007. Both Parker 

(2001) and Timmons (2005) refer to a United States seafood trade deficit of $6.5 billion, 

but the latest FAO figures place this deficit at more than $9 billion (FAO, 2008). To place 

this numbers in perspective the seafood deficit is the highest deficit among food and 

agricultural products and second only to petroleum products in the natural resources 

category.  This deficit has prompted the U.S. government to enact legislation to promote 
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aquaculture and expand the value of U.S. domestic aquaculture to more than $5 billion in 

the coming years. 

Aquaculture as an industry in the United States is a relatively new phenomena. 

Fish culture did not begin until the nineteenth century, because abundant fish in native 

rivers provided adequate fish for food and recreation (Perez, 2006).  The first aquaculture 

efforts aimed to restock or increase the number of fish in the rivers for commercial 

capture.  Most early aquaculture focused on cold and cool water species and by the 

1850‟s fisheries scientists developed techniques to artificially propagate brown trout and 

carp.  According to Parker (2002), the first public fish hatchery was established in 

Mumford, NY, in 1864.  In coastal areas residents had learned to catch oyster larvae on 

strings and shells and move these baby oysters to protected areas that would be more 

easily harvestable.  Perez indicated that the later 1800‟s industrial development and 

improvements in transportation provided workers with more time for leisure and 

prompted aquaculturists to shift emphasis from restocking for commercial fishing to 

restocking to enhance recreational fishing.  “In 1914 the Kansas Department of Game and 

Fish published one of the first manuals on pond fish culture in the United States” (Perez, 

2006, p. 2). In the 1920‟s rice farmers in Arkansas began to convert some of their rice 

fields into ponds. By the 1950‟s bait minnow farming became the first major warm water 

aquaculture practiced in the United States.   

In 1934, Homer Swingle, an entomology professor at Auburn University who is 

considered by many to be the father of modern warm water aquaculture in the U.S., 
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received funding to support research “… that would develop and improve life for the 

nation‟s rural populations (Perez, 2006).  Perez notes that: 

The project aimed to investigate the production of freshwater fishes for 

food.  The Purnell Project, later called the Farm Ponds Project, was born.  The 

first general objectives were to find ways to (1) manage water resources 

productively, (2) improve sport fishing, and (3) produce fish as a source of 

food….In 1938 information in one of the earliest reports by Swingle and E. V. 

Smith summarized what had been learned about stocking, fertilization, and weed 

control and would later prove to be fundamental to the development of 

commercial catfish farming (pp. 3-4). 

In 1935 the USDA Soil Conservation Service was established (currently called 

the Natural Resource Conservation Service) and provided technical support and funding 

to farmers across the county to design and build ponds.  By 1960, these ponds, along with 

information, techniques, and technologies, produced at Auburn and other universities led 

to the birth of the commercial catfish industry in the southeast. Since that time catfish 

aquaculture has emerged as a model aquaculture industry that has drawn attention from 

around the world.  

While early aquaculture research began in earnest during the depression years of 

the 1930‟s, the „modern day‟ vision of aquaculture did not appear until the late 1960‟s 

and early 70‟s (Parker, 2001; Schwarz, 2005)  and now focuses on a relatively few 

species. Catfish, trout, salmon, tilapia, and hybrid striped bass are the major food fish 

species; bait, and ornamental fish dominate the non-food fish category of fish; shrimp and 
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crawfish are the main crustaceans; and oysters, clams, and mussels are the primary 

cultured mollusks (United States Department of Agriculture, 1995).  Production is 

distributed throughout the country, but the bulk of the production comes from the 

southeastern states and is focused on pond production of catfish. The states of Alabama, 

Arkansas, Mississippi, and Louisiana account for more than 52% of the value of U.S. 

aquaculture production (USDA, 2006). 

Despite its relatively brief history, aquaculture in the U.S. is a relatively mature 

industry and has shown slow growth in the last two decades relative to rest of the world 

(Schwarz, 2005).  On the other hand, a production area that does show significant 

potential for growth is open ocean aquaculture. 

Open ocean aquaculture, defined as the rearing of marine organisms in the U.S. 

Exclusive Economic Zone, is seen as a viable option for supplying consumer demand for 

marine products while avoiding inshore user conflicts and addressing the growing 

seafood trade deficit. However, major barriers to open ocean aquaculture include 1) 

difficulties in obtaining sufficient front-end capital investment; 2) a multi-agency 

permitting process; 3) technical challenges in the design and construction of facilities 

able to withstand the marine environment; and 4) the social and environmental impacts of 

open ocean aquaculture (Borgotti & Buck, 2004).  While much interest and effort has 

been focused in this area and some progress has been made, the realization of open ocean 

aquaculture potential if it occurs is still a decade or more in the future.  
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Aquaculture in Alabama 

In Alabama, more than 25,000 acres of water are dedicated to production of 

approximately 20 different species (Crews & Chappell, 2006).  According to the 2005 

Census of Aquaculture by the USDA Alabama (a) ranks third in value of aquaculture 

products sold ($102.8 million) behind Mississippi and Arkansas, (b) is the second largest 

producer of catfish (by value) at $99,458,000, and (c) has the fourth largest number of 

farms (215).  Ponds are the dominant culture method, and the 3,632 ponds averaging 6.8 

acres each total 24,458 acres of production.  Table 6 provides additional Alabama 

aquaculture statistics. 

Table 6  

Number of Farms and Value of Aquaculture Products Sold by Type in Alabama. 

 

Category Number of Farms Value 

Baitfish 7 $41,000 

Crustaceans 8 $933,000 

Food Fish 201 $99,458,000 

Ornamental 3 Not reported 

Sportfish 20 $2,176,000 

Total 215 $102,796,000 

Source: USDA National Agricultural Statistics Service 2005 Census of Aquaculture 

According to the 2005 Census of Aquaculture (USDA, 2006) and Parker (2001), 

aquaculture is the fastest growing segment of agriculture and an important industry in the 
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Southeastern United States.    While China is the leader in aquaculture production 

supplying nearly 70% of the world total, the United States and Alabama in particular 

have substantial room for growth.  Crews and Chappell (2007) indicated in the 2006 

Alabama Aquaculture Factsheet that “Alabama has the land/water resources to support a 

traditional pond industry 10 times its current size.”   

Crews and Chappell also stated that over the last 24 years the industry has grown 

by a factor of 13 in Alabama.  In Alabama‟s black belt region so called for its dark fertile 

soils and one of the state‟s most depressed areas catfish has provided a much needed 

source of employment, opportunity and income.   Perez (2006), in her book Fishing for 

Gold: The Story of Alabama’s Catfish Industry, chronicles the history of catfish culture 

and provides an excellent synopsis of the reasons for its success: 

According to John Jensen, of the Department of Fisheries and Allied 

Aquacultures at Auburn University, a key ingredient to the catfish industries‟ 

impressive growth in general has been a combination of natural conditions, public 

and private infrastructure, and people….Among them, suitable soils and terrain, 

adequate water resources, and a climate that is warm for much of the year are 

basic. 

…. Services provided by public infrastructure such as good transportation, 

a supportive legal and regulatory foundation, research, outreach and education are 

important parts of the mix.  Private businesses providing financing, equipment, 

supplies, energy, and many other materials and services, as well as tradesmen and 

professionals, are all indispensable to modern farms and processing plants.  Last, 
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but not least, are the producers (including farmers and processors and the 

consumers, both as a group and individuals (Perez, 2006, p. xii). 

This important industry will need trained scientists and technicians if it is to 

continue to grow and flourish.  These scientists, technicians and educators will require 

skills that allow the continued development of aquaculture is ecologically responsible, 

sustainable and profitable.  Where will these scientists, technicians, and educators come 

from?  With proper funding and support secondary and university aquaculture education 

programs will provide a solution.  
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CHAPTER 3 - METHODS AND PROCEDURES 
 

The purpose of this study was to improve teachers‟ ability to effectively use 

aquaculture as a tool to teach mathematics and science.  This study explored how 

Alabama science and career tech teachers perceived the importance of aquaculture-

related topics, their ability to teach those topics and how they perceived the quality of 

available teaching materials.  This cumulated information made it possible to determine 

the greatest areas of need with regard to aquaculture training and curriculum development 

(or identification) and to schedule in-service training and pre-service teacher training.  

This chapter describes the step-by-step process used in an exploratory evaluation 

of teacher‟s perceptions of (a) the relative importance (b) their ability to teach, and (c) the 

quality of teaching materials related to the various aquaculture content areas within the 

Alabama Aquaculture Science course of study.  Specific research questions answered 

included, 

1. Importance of Content Standards.  How do teachers certified to teach the 

aquaculture curricula perceive the importance of various content standards of 

the Alabama aquaculture science course of study? 

2. Abilities. What are teachers‟, certified to teach the aquaculture curricula, 

perceived abilities, indicated by their current knowledge, to teach the content 

standards of the Alabama aquaculture science course of study? 
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3. Teaching Materials.  How do Alabama teachers, certified to teach the 

aquaculture curricula, perceive of the quality of aquaculture teaching 

materials? 

Population for the study consisted of the science and career and technical 

teachers, identified by the Alabama State Department of Education (ALSDE), who were 

qualified to teach one of the four aquaculture classes within the Alabama course of study.  

See Appendix B for a copy of the approval letters from the state administrators. 

 

Administering the Survey 

Communications with the teachers were directed through the state level 

coordinators for science curriculum and agriculture education who passed information to 

the teachers via their secure email lists.  The agriculture education director was able to 

contact the career and technical education teachers but the science coordinator did not 

have direct contact to the science teacher so they sent the invitation via school counselors 

requesting that they pass it on to the appropriate science teachers. A pre-survey invitation 

was sent out November 8, 2010 and the invitation with the consent form (Appendix C) 

and a link to the survey followed one week later.  Two reminders were sent at two week 

intervals and the survey was closed after 50 days.  A total of 250 respondents started the 

survey and 186 (74.4%) completed all questions on the form. 
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The Survey Instrument 

The survey instrument used in this study was adapted with permission from the 

survey by Fortner and Meyer (2000) that was used to identify discrepancies among 

teachers‟ priorities for and knowledge of freshwater topics.  The Fortner and Meyer 

instrument as well as the one used in this survey were based on a model provided by 

Borich (1973, 1979, 1980).  The Borich model has been used by numerous researchers to 

determine and examine discrepancies between priorities and knowledge  (Barrick & 

Doefert, 1989;  Barrick, Ladewig & Hedges, 1983;  Besswenger, Sturges, & Jones, 1992; 

Edwards & Briers, 1999; Fortner and Corney, 2002; Fortner & Meyers, 2000;  Garton 

and Chung, 1997; Joerger, 2002; Johnson, Schumacher, & Steward, 1990; Layfield & 

Dobbins, 2002; McDonald & Lawver, 1997; Milkent, Irby, & Story, 1979; Newman & 

Johnson, 1994; Rakow, 1993; Waters & Haskell, 1989).   The Borich model was also 

identified as an appropriate means to identify and prioritize teacher in-service training 

needs (Barrick, Ladewig & Hedges, 1983; Edwards & Briers, 1999; Fortner and Corney, 

2002; Garton and Chung, 1997; Joerger, 2002; Layfield & Dobbins, 2002 and Newman 

& Johnson, 1994).  The Borich model and subsequent modifications typically consist of a 

list of competencies for potential in-service training along with the use of a Likert-type 

scale to rank perceived importance of, and/or ability to teach those competencies.  

The use of the web-based survey instruments has increased in the last decade and 

they have several advantages over paper-based mail surveys (Archer, 2003; 2008; 

Couper, 2008; Dillman, 2000; Dillman and Bowker, 2008; Hair, Bush, & Ortinau, 2006; 

Malhortra, 2007; Presser, Rothgeb, Couper, Lessler, Martin, Martin & Singer, 2004; 
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Schonlau, Fricker & Elliot, 2002; Weisberg, 2005).  Reduced cost, timeliness, and ease of 

data entry were among the advantages most often cited. The study population had 

sufficient technology and connection to the internet to warrant use of electronic 

communication via e-mail and a web-based survey instrument (Schonlau et al., 2002).  

The survey instrument (Appendix D) was constructed using a web survey provider, 

Survey Monkey.  The survey consisted of 13 questions and required an average of 15 

minutes to complete.  The survey was constructed to be short and simple and 

incorporated automatic skip technology that allowed teachers to only see the questions 

applicable to their group.   

The first question asked teachers to categorize themselves based on three teaching 

certifications: general science classes, career and technical education courses, or both 

general science and career and technical education courses.  The Alabama course of study 

offers a total of four aquaculture related classes, one available for science credit and three 

available for career and technical education credit.  Two of the classes; the aquascience 

elective, for science credit; and aquaculture science, for CTE credits are very similar and 

share ten content standards.  Content standards evaluated in this study were based on 

these two classes.  The aquascience elective has ten content standards:  

1. Differentiate among freshwater, brackish water, and saltwater ecosystems. 

2. Relate geological and hydrological phenomena and fluid dynamics to aquatic 

systems. 

3. Explain the importance of biogeochemical cycles in an aquatic environment. 

4. Determine important properties and content of water as related to aquaculture. 



83 

 

 

 

 

5. Identify the genotype and phenotype for specific characteristics in aquatic 

animals resulting from selective breeding. 

6. Describe adaptations that allow organisms to exist in specific aquatic 

environments. 

7. Describe processes and environmental characteristics that affect growth rates 

of aquatic animals. 

8. Determine effects of the fishing industry on the aquatic environment. 

9. Describe various structures and equipment used in growing aquacrops. 

10. Describe the control of diseases and pests in aquatic environments. 

The aquaculture science course includes the same ten content standards plus 6 additional 

content standards specifically related to aquaculture as an industry.   

11. Describe various career opportunities in the aquaculture industry. 

12. Describe safety precautions for the aquaculture industry. 

13. Explain the historical background of aquaculture. 

14. Categorize aquaculture species as cold, cool, or warm water species. 

15. Describe infrastructure necessary for aquaculture production. 

16. Define concepts associated with health management of aquacrops. 

Respondents who placed themselves in the first category, certified to teach 

general science classes, were only asked about the ten content standards associated with 

the aquacscience elective class. Teachers in the other two categories, certified to teach 

career and technical education classes and certified to teach both general science classes 
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and career and technical education course were asked about the 16 content standards 

associated with the aquaculture science class.  

The second through fourth questions used Likert scales. Question two asked the 

teachers to rate how important it was that their students knew about the topics covered in 

each aquaculture content standard.  The survey included some additional information that 

helped clarify what topics might be included in that standard.  The teachers indicated 

their choice where, 1 = very unimportant, 2 = unimportant, 3 = average importance, 4 = 

important and 5 = very important.   The third question asked the teachers to rate their 

current knowledge of each content standard using the rating system 1 = no knowledge, 2 

= little knowledge, 3 = average knowledge, 4 = good knowledge and 5 = excellent 

knowledge. The fourth question asked teachers to rate the quality of the materials they 

used to teach each of the content standards using the scale  1 = poor, 2 =  below average, 

3 = average, 4 = above average and 5 = excellent.   

Questions five through eleven asked for demographic information and opinions.  

Questions five through eleven included, sex, age, years of teaching experience, highest 

academic degree earned, science classes taught, and career and technical education 

classes taught.  Questions 12 and 13 asked about a) their interest in learning more about 

aquaculture and b) if their schedule allowed, interest in teaching an aquaculture course. 

 

Survey Analysis 

The survey instrument (Appendix D) was developed in concert with faculty 

advisors and approved for use by the Institutional Review Board for the Protection of 
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Human Subjects at Auburn University (10/29/2010 see Appendix A).  It was constructed 

and administered using the web survey provider Survey Monkey.  Content and face 

validity were evaluated by a panel of individuals including graphic designers, technical 

editors, science and career technology teachers and industry experts.  Data were collected 

and entered into a statistical package for the social sciences (SPSS).  A post- hoc 

Cronbach‟s alpha was calculated to determine the reliability of importance (α =0 .955 & 

0.966), knowledge (α = 0.950 & 0.950) and quality of material (α = 0.965 & 0.974) for 

two categories of teachers. Category one was the general science teachers.  Category two 

included career technical teachers and category three those that taught both general 

science and career technical classes. A mixed design analysis controlled non-response 

error and compared early and late responders. The mixed analysis was used in place of 

multiple T-tests to minimize type one error and reduce the number of required analyses.  

Late responders were those who entered data following the reminder notice.  

To determine the areas with greatest need for continued or in-service training 

descriptive statistics (means, and standard deviations) were utilized to analyze the data 

and identify discrepancies (DS) between, importance and knowledge,   Importance and 

quality of materials as well as between knowledge and quality of teaching materials used.  

The discrepancy score (DS), mean discrepancy scores (MDS), weighted discrepancy 

scores (WDS) and mean weighted discrepancy scores (MWDS) were calculated for each 

content standard using a stepwise procedure.  The DS for each individual on each content 

standard was obtained by subtracting the knowledge rating from the importance rating.  

Next, the discrepancy score was multiplied by the mean importance rating to calculate the 
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WDS on each individual for each content standard.  A MWDS for each of the content 

standards was then calculated by taking the sum of the WDS and dividing by the number 

of the observations.  The content standards with the highest MWDS were those with the 

highest need for in-service training.  The procedure was repeated to identify the 

discrepancy between importance of the content standards and the material available. 

In addition to the three teacher categories (SCI, CTE, BOTH) the respondents 

were further categorized by years of experience.  Category one represented teachers with 

less than the mean number of years of teaching experience (14) and category two were 

those with more than the mean experience.  A 3x2 Multivariate analysis of variance 

(MANOVA) was used to identify differences between the different teacher categories as 

well as indicate interactions and differences between the experience categories with 

respect to importance, knowledge and materials.  The final analysis performed was a chi 

squared test to evaluate differences between teachers a.) interest in learning more about 

aquaculture (question 14) and b.) interest in teaching and aquaculture class if their 

schedule allowed (question 15). 

 

Summary 

 Using the methods and procedures described in this chapter the researcher was 

able to calculate the mean and standard deviation for the teacher perceptions of the 

importance, knowledge of, and materials available to teach each of the aquaculture 

content standards.  Using these means it was possible to calculate a MWDS that would 

indicate the relative magnitude of the discrepancy between importance and knowledge of 

the content standards.  A MANOVA, ANOVA, and Chi squared tests were then used to 
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look for correlations between IMP, KNOW, MAT, the teacher types, and the teacher 

experience levels.  The results of the data analyses are presented in chapter four.  
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CHAPTER 4 - RESULTS  
 

The purpose of this study was to improve teachers‟ ability to effectively use 

aquaculture as a tool to teach mathematics and science.  This study explored how 

Alabama science and career tech teachers perceived the importance of aquaculture-

related topics, their ability to teach those topics and how they perceived the quality of 

available teaching materials.  This cumulated information made it possible to determine 

the greatest areas of need with regard to aquaculture training and curriculum development 

(or identification) and to schedule in-service training and pre-service teacher training. 

 The purpose of this chapter is to present the results of the survey and subsequent 

analysis.  It will describe the characteristics and demographics of the study population 

and present data relative to each research question.  When the electronic survey closed on 

December 30, 2010 there were a total of 250 respondents. Of the 250 people that started 

the survey only 187 reached the final question, a completion rate of 74.8%.  

 

Sample Demographics  

The respondents included 164 science teachers (SCI), 63 career tech teachers 

(CTE) and 23 teachers that taught both science and career tech classes (BOTH). Seventy 

nine (42%) were male and 106 were female (57.3%) N= 185. The oldest teacher was 68 

and the youngest was 25.   The average age of the respondents was 42.5 years with a 

standard deviation (SD) of 10.8 years (N= 185).  The most experienced teacher had 46 
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years of experience and the least experienced had not yet completed their first year.  The 

mean level of experience was 14.6 years (N= 185, SD=10.1).  The majority, 64.9% of the 

respondents held a master‟s degree, 33.5% held a bachelor‟s degree and only 3 (1.6%) 

held a PhD (N=185). 

 The teachers were also asked about the specific courses that they taught.  There 

are 15 science courses listed in the Alabama Course of study.  Those most commonly 

taught by the respondents included biology, physical science and earth science.  The least 

commonly taught science courses included geology and genetics.  The average number of 

courses taught by science teachers was 2.2 (N=130).   Forty one of the teachers indicated 

teaching courses outside of the standard grade 9 through 12 course of study.  These 

teachers included middle school and a few elementary science teachers.  A complete 

listing of the science courses and teaching frequency is shown in the survey summary in 

Appendix E. 

There are 43 different courses listed in the career and technical education section 

of the Alabama Course of Study. All courses were represented among the respondents, 

however, agriscience (44 out of 60), fish and wildlife management (25 of 60) and 

construction and framing (24 of 60) were the most common. CTE teachers taught an 

average of 6.9 different courses.  A complete listing of the courses and teaching 

frequency is available in Appendix E. 
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Research question 1 – The Perceived Importance of Aquaculture 

Content Standards 

 
 This question asked the teachers to rate how important it is that their students 

know about the topics covered in each aquaculture content standard using the rating 

system 1 = very unimportant, 2 = unimportant, 3 = average importance, 4 = important 

and 5 = very important. The standards with the highest overall importance (N = 185) 

ratings were CS11- Describe the various career opportunities in the aquaculture industry 

(4.03, SD = 1.04), CS12 – Describe safety precautions for the aquaculture industry (4.00, 

SD = 1.15), CS7 - Describe processes and environmental characteristics that affect 

growth rates of aquatic animals (3.83, SD = 1.14) and CS15- Describe infrastructure 

necessary for aquaculture production (3.80, SD = 0.99).  The least important standards 

were CS2 – Related geological and hydrological phenomena and fluid dynamics to 

aquatic systems (3.17, SD = 1.11) and CS5 – Identify the genotype and phenotype for 

specific characteristics in aquatic animals resulting from selective breeding (3.47, SD = 

1.19).  The mean importance scores for all content standards were above average (rating 

of 3.0) indicating teacher considered them to be at least average importance or greater.  

Table 7 indicates the mean (M) importance rating and standard deviation (SD) for each of 

the content standards.  The shaded area of the table indicates the standards that were 

common to both the science and CTE courses. 
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Table 7.   

The importance of the aquaculture content standards as perceived by teachers 

 
 

  Content Standard M SD 

CS1 Differentiate among freshwater, brackish water, and 

saltwater ecosystems. 

3.67 1.15 

CS2 Relate geological and hydrological phenomena and 

fluid dynamics to aquatic systems. 

3.17 1.11 

CS3 Explain the importance of biogeochemical cycles in 

an aquatic environment. 

3.60 1.24 

CS4 Determine important properties and content of water 

as related to aquaculture. 

3.64 1.25 

CS5 Identify the genotype and phenotype for specific 

characteristics in aquatic animals resulting from 

selective breeding. 

3.47 1.19 

CS6 Describe adaptations that allow organisms to exist in 

specific aquatic environments. 

3.77 1.13 

CS7 Describe processes and environmental characteristics 

that affect growth rates of aquatic animals. 

3.83 1.14 

CS8 Determine effects of the fishing industry on the 

aquatic environment. 

3.79 1.14 

CS9 Describe various structures and equipment used in 

growing aquacrops. 

3.39 1.23 

CS10 Describe the control of diseases and pests in aquatic 

environments. 

3.74 1.22 

CS11 Describe various career opportunities in the 

aquaculture industry. 

4.03 1.04 

CS12 Describe safety precautions for the aquaculture 

industry. 

4.00 1.15 

CS13 Explain the historical background of aquaculture. 3.72 0.94 

CS14 Categorize aquaculture species as cold, cool, or 

warm water species. 

3.77 1.08 

CS15 Describe infrastructure necessary for aquaculture 

production. 

3.80 0.99 

CS16 Define concepts associated with health management 

of aquacrops. 

3.75 1.08 
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Note: 1 = very unimportant, 2 = unimportant, 3 = average importance, 4 = important and 

5 = very important. Standards in gray are in both the aquascience elective and the 

aquaculture science CTE class.  

 

 Among the participants that only taught science (SCI) N = 122, and therefore only 

rated CS1 to CS10, the most important were CS6 – Describe adaptations that allow 

organisms to exist in specific aquatic environments (3.80, SD = 1.18), CS7 - Describe 

processes and environmental characteristics that affect growth rates of aquatic animals 

(3.79, SD = 1.16) and CS8 – Determine effects of the fishing industry on the aquatic 

environment (3.72, SD = 1.16).  The content standards receiving the lowest importance 

ratings were CS2 – Related geological and hydrological phenomena and fluid dynamics 

to aquatic systems (3.17, SD = 1.11) and CS5 – Identify the genotype and phenotype for 

specific characteristics in aquatic animals resulting from selective breeding (3.47, SD = 

1.19).  It should be noted that all of the content standards received ratings above 3.0 (= 

average) indicating that teachers felt all of the content standard were of average or greater 

importance.  Figure 1 illustrates the level of importance identified by the science 

teachers.  
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Figure 1  

Content standard importance rating among science teachers 

 
 

 
 Source: Survey Monkey Analysis Report (N=137) 

 The CTE teachers (N = 45) perceived the most important content standards to be 

CS11- Describe the various career opportunities in the aquaculture industry (4.08, SD = 

1.10), CS8 – Determine effects of the fishing industry on the aquatic environment (4.02, 

SD = 1.06), and CS9 – Describe various structures and equipment used in growing 

aquacrops (3.96, SD = 1.05). The least important to the CTE group was CS2 – Relate 

geological and hydrological phenomena and fluid dynamics to aquatic systems (3.25, SD 

= 0.93).  
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 Teachers in the BOTH group (N = 18) indicated that CS10 – Describe the control 

of diseases and pests in aquatic environments (4.16, SD = 1.07) and CS3 – Explain the 

importance of biogeochemical cycles in an aquatic environment (4.16, SD = 1.17) were 

the most important content standards.   The lowest ranked content standard in the BOTH 

group was CS2 – Relate geological and hydrological phenomena and fluid dynamics to 

aquatic systems (3.42, SD = 1.12).  Table 8 provides a summary of the means and 

standard deviations for all groups in the importance category. 

Table 8 

 

 Mean rating and standard deviation of each content standard importance by teacher 

group. 1 = very unimportant, 2 = unimportant, 3 = average importance, 4 = important, 

and 5 = very important. 

 
 Science  Career Tech  Both  All Teachers 

 

M SD  M SD  M SD  M SD 

CS1 3.59 1.20  3.79 1.05  3.95 0.97  3.67 1.15 

CS2 3.10 1.17  3.25 0.93  3.42 1.12  3.17 1.11 

CS3 3.50 1.31  3.63 1.03  4.16 1.17  3.60 1.24 

CS4 3.47 1.27  3.98 1.16  4.00 1.11  3.64 1.25 

CS5 3.44 1.22  3.48 1.13  3.63 1.16  3.47 1.19 

CS6 3.77 1.21  3.69 0.98  4.00 0.88  3.77 1.13 

CS7 3.79 1.16  3.94 1.09  3.84 1.21  3.83 1.14 

CS8 3.69 1.17  4.02 1.06  3.95 1.13  3.79 1.14 

CS9 3.14 1.23  3.96 1.05  3.68 1.16  3.39 1.23 

CS10 3.60 1.27  3.94 1.09  4.16 1.07  3.74 1.22 

CS11 

  

 4.08 1.10  3.89 0.88  4.03 1.04 

CS12 

  

 4.06 1.14  3.84 1.17  4.00 1.15 

CS13 

  

 3.75 0.97  3.63 0.90  3.72 0.94 

CS14 

  

 3.88 1.08  3.47 1.07  3.77 1.08 

CS15 

  

 3.90 1.00  3.53 0.96  3.80 0.99 

CS16 

  

 3.79 1.07  3.63 1.12  3.75 1.08 

AVG 3.51 1.22  3.82 1.06  3.80 1.07  3.70 1.13 
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Research question 2 – Teacher Knowledge of Aquaculture Content 

Standards 
 

 This question asked the teachers to rate their current knowledge of the aquaculture 

content standards using the rating system 1 = no knowledge, 2 = little knowledge, 3 = 

average knowledge, 4 = good knowledge and 5 = excellent knowledge. The standards 

with the highest overall knowledge (N = 185) ratings were CS11- Describe the various 

career opportunities in the aquaculture industry (3.55, SD = 0.96), CS14 – Categorize 

aquaculture species as cold, cool, or warm water species (3.49, SD = 0.88), CS6 – 

Describe adaptations that allow organisms to exist in specific aquatic environments (3.49, 

SD = 0.99) and CS12 – Describe safety precautions for the aquaculture industry (3.46, 

SD = 0.98).  Table 10 indicates the mean (M) and standard deviation (SD) for each of the 

content standards. 
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Table 9 

 Teachers‟ knowledge of the aquaculture content standards 

 
 

  Content Standard M SD 

CS1 Differentiate among freshwater, brackish water, and 

saltwater ecosystems. 

3.39 1.02 

CS2 Relate geological and hydrological phenomena and 

fluid dynamics to aquatic systems. 

2.71 0.98 

CS3 Explain the importance of biogeochemical cycles in 

an aquatic environment. 

3.23 1.13 

CS4 Determine important properties and content of water 

as related to aquaculture. 

3.32 1.13 

CS5 Identify the genotype and phenotype for specific 

characteristics in aquatic animals resulting from 

selective breeding. 

3.12 1.15 

CS6 Describe adaptations that allow organisms to exist in 

specific aquatic environments. 

3.49 0.99 

CS7 Describe processes and environmental characteristics 

that affect growth rates of aquatic animals. 

3.38 0.99 

CS8 Determine effects of the fishing industry on the 

aquatic environment. 

3.23 1.01 

CS9 Describe various structures and equipment used in 

growing aquacrops. 

2.80 1.13 

CS10 Describe the control of diseases and pests in aquatic 

environments. 

3.00 1.02 

CS11 Describe various career opportunities in the 

aquaculture industry. 

3.55 0.96 

CS12 Describe safety precautions for the aquaculture 

industry. 

3.46 0.98 

CS13 Explain the historical background of aquaculture. 3.36 0.95 

CS14 Categorize aquaculture species as cold, cool, or 

warm water species. 

3.49 0.88 

CS15 Describe infrastructure necessary for aquaculture 

production. 

3.22 0.91 

CS16 Define concepts associated with health management 

of aquacrops. 

3.09 0.78 
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 Note: 1 = no knowledge, 2 = little knowledge, 3 = average knowledge, 4 = good 

knowledge and 5 = excellent knowledge. Standards in gray are in both the aquascience 

elective and the aquaculture science CTE class. 

 
 Among SCI teachers (N = 122) that only rated CS1 to CS10, they were the most 

knowledgeable about CS6 – Describe adaptations that allow organisms to exist in specific 

aquatic environments (3.53, SD = 1.07), CS1 – Differentiate among freshwater, brackish 

water, and saltwater ecosystems (3.31, SD = 1.06) and CS7 –Describe processes and 

environmental characteristics that affect growth rates of aquatic animals (3.30, SD = 

1.04).  The content standards receiving the lowest knowledge rating was CS9 – Describe 

various structures and equipment used in growing aquacrops (2.48, SD = 1.01).  Figure 2 

indicates the SCI teachers‟ knowledge of the aquaculture content standards. 
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Figure 2 

 

Science teacher knowledge of the aquaculture content standards 

 

 

 
Source: Survey Monkey Analysis Report (N=134)  

 The CTE teachers‟ (N = 45) average knowledge of all the contents standards was 

slightly higher than the average of the SCI teachers (3.40/3.07).  The CTE teachers had 

the most knowledge about CS11- Describe the various career opportunities in the 

aquaculture industry (3.50, SD = 0.88), CS9 – Describe various structures and equipment 

used in growing aquacrops (3.57, SD = 0.83), CS14 – Categorize aquaculture species as 

cold, cool, or warm water species (3.53, SD = 0.81) and CS12 – Describe safety 

precautions for the aquaculture industry (3.53, SD = 0.97).  The content standard that the 
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CTE teachers were least knowledgeable about was CS2 – Relate geological and 

hydrological phenomena and fluid dynamics to aquatic systems (2.89, SD = 1.13).  

 Teachers in the BOTH group (N=18) indicated that they were most 

knowledgeable about CS4 – Determine important properties and content of water as 

related to aquaculture (3.94, SD = 1.06), CS7 –Describe processes and environmental 

characteristics that affect growth rates of aquatic animals (3.72, SD = 1.07), CS3 – 

Explain the importance of biogeochemical cycles in an aquatic environment (3.67, SD = 

0.97) and  CS1 – Differentiate among freshwater, brackish water, and saltwater 

ecosystems (3.67, SD = 1.08).   The content standard that the BOTH group knew the least 

about was CS2 – Relate geological and hydrological phenomena and fluid dynamics to 

aquatic systems (2.89, SD = 1.13).  Table 11 provides a summary of the means and 

standard deviations for all groups in the knowledge category. 
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Table 10 

 

Mean rating and standard deviation of teacher knowledge of the aquaculture content 

standards. 1 = no knowledge, 2 = little knowledge, 3 = average knowledge, 4 = good 

knowledge and 5 = excellent knowledge. 

 
  

SCI  CTE  BOTH  ALL 

Standard  M SD  M SD  M SD  M SD 

CS1  3.31 1.06  3.49 0.83  3.67 1.08  3.39 1.02 

CS2  2.63 1.02  2.84 0.81  2.89 1.13  2.71 0.98 

CS3  3.16 1.24  3.27 0.85  3.67 0.97  3.23 1.13 

CS4  3.16 1.19  3.51 0.86  3.94 1.06  3.32 1.13 

CS5  3.06 1.26  3.24 0.93  3.22 0.94  3.12 1.15 

CS6  3.54 1.07  3.31 0.71  3.61 0.98  3.49 0.99 

CS7  3.30 1.04  3.49 0.78  3.72 1.07  3.38 0.99 

CS8  3.15 1.05  3.45 0.88  3.17 1.04  3.23 1.01 

CS9  2.48 1.01  3.57 0.83  3.06 1.55  2.80 1.13 

CS10  2.93 1.09  3.10 0.85  3.22 0.88  3.00 1.02 

CS11  
  

 3.59 0.88  3.44 1.20  3.55 0.96 

CS12  
  

 3.53 0.97  3.28 1.02  3.46 0.98 

CS13  
  

 3.39 0.90  3.28 1.13  3.36 0.95 

CS14  
  

 3.53 0.81  3.39 1.09  3.49 0.88 

CS15  
  

 3.29 0.76  3.00 1.24  3.22 0.91 

CS16  
  

 3.08 0.77  3.11 0.83  3.09 0.78 

AVG  3.07 1.10  3.36 0.84  3.35 1.08  3.24 1.00 
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Research Question 3 - How do Alabama teachers, certified to teach the 

aquaculture curricula, perceive of the quality of aquaculture teaching 

materials? 
 

 This question asked the teachers to rate the quality of materials you use to teach 

each content standard using the rating system 1 = poor, 2 = below average, 3 = average, 4 

= above average, and 5 = excellent. The standards with the highest overall materials 

ratings (N = 185) CS11- Describe the various career opportunities in the aquaculture 

industry (2.97, SD = 1.07), CS14 – Categorize aquaculture species as cold, cool, or warm 

water species (2.95, SD = 1.10), and CS12 – Describe safety precautions for the 

aquaculture industry (2.91, SD = 1.17).  Table 11 indicates the mean (M) and standard 

deviation (SD) for each of the content standards. 
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Table 11 

Teachers rating of the materials used to teach the aquaculture content standards. 

 

 

Content Standard M SD 

CS1 Differentiate among freshwater, brackish water, and 

saltwater ecosystems. 2.41 1.06 

CS2 Relate geological and hydrological phenomena and 

fluid dynamics to aquatic systems. 2.13 0.97 

CS3 Explain the importance of biogeochemical cycles in 

an aquatic environment. 2.47 1.08 

CS4 Determine important properties and content of water 

as related to aquaculture. 2.58 1.21 

CS5 Identify the genotype and phenotype for specific 

characteristics in aquatic animals resulting from 

selective breeding. 
2.37 1.08 

CS6 Describe adaptations that allow organisms to exist in 

specific aquatic environments. 2.53 1.04 

CS7 Describe processes and environmental characteristics 

that affect growth rates of aquatic animals. 2.52 1.04 

CS8 Determine effects of the fishing industry on the 

aquatic environment. 2.40 1.11 

CS9 Describe various structures and equipment used in 

growing aquacrops. 2.23 1.09 

CS10 Describe the control of diseases and pests in aquatic 

environments. 2.38 1.09 

CS11 Describe various career opportunities in the 

aquaculture industry. 2.97 1.07 

CS12 Describe safety precautions for the aquaculture 

industry. 2.91 1.17 

CS13 Explain the historical background of aquaculture. 

2.78 1.04 

CS14 Categorize aquaculture species as cold, cool, or 

warm water species. 2.95 1.10 

CS15 Describe infrastructure necessary for aquaculture 

production. 2.80 1.00 

CS16 Define concepts associated with health management 

of aquacrops. 2.72 1.02 
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Note: 1 = poor, 2 = below average, 3 = average, 4 = above average and 5 = excellent. 

Standards in gray are in both the aquascience elective and the aquaculture science CTE 

class. 

 
 In general the SCI teachers (N = 137) felt that the teaching materials were below 

average (M = 2.20, SD = 1.04).  They gave the highest material ratings to CS6 – Describe 

adaptations that allow organisms to exist in specific aquatic environments (2.39, SD = 

1.17), CS7 –Describe processes and environmental characteristics that affect growth rates 

of aquatic animals (2.34, SD = 1.03) and CS4 – Determine important properties and 

content of water as related to aquaculture (2.33, SD = 1.17).  The teaching materials 

receiving the lowest rating was CS9 – Describe various structures and equipment used in 

growing aquacrops (1.90, SD = 0.95) followed closely by CS2 - Relate geological and 

hydrological phenomena and fluid dynamics to aquatic systems (1.95 SD = 0.94).   

Figure 3 indicates how the SCI teachers‟ rated the materials they used to teach each of the 

aquaculture content standards.  It is evident that many of the teachers thought the 

materials used were poor. 
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Figure 3 

Science teacher ratings of the materials used to teach the content standards 

 

 

 
Source: Survey Monkey Analysis Report (N=126) 

 The CTE teachers‟ (N = 45) rated the materials closer to average than the SCI 

teachers (2.84 SD = 0.94 vs. 2.20, SD = 1.04).  The CTE teachers indicated that the best 

materials were available for CS11- Describe the various career opportunities in the 

aquaculture industry (3.06, SD = 1.00), CS4 - Determine important properties and 

content of water as related to aquaculture (3.02, SD = 1.08), and CS12 – Describe safety 

precautions for the aquaculture industry (3.06, SD = 1.00).  The content standard with the 
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lowest materials rating among the CTE teachers was CS2 – Relate geological and 

hydrological phenomena and fluid dynamics to aquatic systems (2.41, SD = 1.18).  

 Teachers in the BOTH group (N=18) ranked the materials average (2.75, SD = 

1.30) and gave the highest rankings to CS4 – Determine important properties and content 

of water as related to aquaculture (3.12, SD = 1.36), CS3 – Explain the importance of 

biogeochemical cycles in an aquatic environment (3.06, SD = 1.25) CS6 – Describe 

adaptations that allow organisms to exist in specific aquatic environments (2.94, SD = 

1.25), and CS14 – Categorize aquaculture species as cold, cool, or warm water species 

(2.94, SD = 1.48).   The BOTH group ranked the materials the lowest for CS2 – Relate 

geological and hydrological phenomena and fluid dynamics to aquatic systems (2.41, SD 

= 1.18) and CS8 - Determine effects of the fishing industry on the aquatic environment 

(2.41, SD = 1.33).  Table 12 provides a summary of the means and standard deviations 

for all groups in the materials category. 
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Table 12 

Teacher ratings of the materials used to teach the aquaculture content standards. 1 = poor, 

2 = below average, 3 = average, 4 = above average and 5 = excellent. 

 
  

SCI  CTE  BOTH  ALL 

Standard  M SD  M SD  M SD  M SD 

CS1  2.24 1.03  2.73 0.89  2.76 1.39  2.41 1.06 

CS2  1.95 0.94  2.50 0.88  2.41 1.18  2.13 0.97 

CS3  2.28 1.02  2.77 1.02  3.06 1.25  2.47 1.08 

CS4  2.33 1.17  3.02 1.08  3.12 1.36  2.58 1.21 

CS5  2.23 1.10  2.58 0.94  2.76 1.09  2.37 1.08 

CS6  2.39 1.05  2.75 0.86  2.94 1.25  2.53 1.04 

CS7  2.34 1.03  2.85 0.92  2.88 1.17  2.52 1.04 

CS8  2.17 1.05  2.98 0.98  2.41 1.33  2.40 1.11 

CS9  1.90 0.95  2.96 0.90  2.59 1.46  2.23 1.09 

CS10  2.16 1.07  2.79 0.92  2.82 1.29  2.38 1.09 

CS11     3.06 1.00  2.71 1.26  2.97 1.07 

CS12     3.02 1.12  2.59 1.28  2.91 1.17 

CS13     2.88 0.94  2.53 1.28  2.78 1.04 

CS14     2.96 0.94  2.94 1.48  2.95 1.10 

CS15     2.85 0.85  2.65 1.37  2.80 1.00 

CS16     2.71 0.87  2.76 1.39  2.72 1.02 

AVG  2.20 1.04  2.84 0.94  2.75 1.30  2.57 1.07 
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Objective 1 – Determine the aquaculture related in-service training 

needs of Alabama science and career tech teachers  
  

The first step in identifying the greatest areas of additional training and materials 

was to identify discrepancies between the three areas importance (IMP), knowledge 

(KNOW), and materials (MAT).  The content standard with the greatest discrepancy IMP 

vs. KNOW was CS10 – Describe the control of diseases and pests in aquatic 

environments (0.74).  The content standard with the greatest discrepancy IMP vs. MAT 

was CS8 - Determine effects of the fishing industry on the aquatic environment (1.40) 

and the greatest discrepancy KNOW vs. MAT was CS1 - Differentiate among freshwater, 

brackish water, and saltwater ecosystems (0.98).  Table 13 summarizes the discrepancies 

for the content standards and figures 4, 5, and 6 provide a graphical representation of this 

data.  In the case of the table the larger the discrepancy is the greater the need for 

improvement.  In the graphical representations (Figure 4) the length of the line indicates 

the discrepancy, the upward mark at the right end of the lines equals the IMP rating and 

the downward mark at the left end of the line indicates the teachers‟ perception of their 

current knowledge of the content standards.  In all cases the importance rating was 

greater than the knowledge rating. 
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Table 13 

Discrepancies among and between the importance, knowledge and materials used for 

each of the aquaculture content standards.   

 

 

Content Standard 

Importance 

vs. 

Knowledge 

Importance 

vs. 

Materials 

Knowledge 

vs. 

Materials 

CS1 Differentiate among freshwater, 

brackish water, and saltwater 

ecosystems. 

0.28 1.26 0.98 

CS2 Relate geological and hydrological 

phenomena and fluid dynamics to 

aquatic systems. 

0.46 1.04 0.58 

CS3 Explain the importance of 

biogeochemical cycles in an aquatic 

environment. 

0.36 1.12 0.76 

CS4 Determine important properties and 

content of water as related to 

aquaculture. 

0.32 1.07 0.74 

CS5 Identify the genotype and phenotype 

for specific characteristics in aquatic 

animals resulting from selective 

breeding. 

0.35 1.10 0.75 

CS6 Describe adaptations that allow 

organisms to exist in specific aquatic 

environments. 

0.29 1.25 0.96 

CS7 Describe processes and environmental 

characteristics that affect growth rates 

of aquatic animals. 

0.45 1.31 0.87 

CS8 Determine effects of the fishing 

industry on the aquatic environment. 

0.57 1.40 0.83 

CS9 Describe various structures and 

equipment used in growing aquacrops. 

0.59 1.17 0.58 

CS10 Describe the control of diseases and 

pests in aquatic environments. 

0.74 1.36 0.62 
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Content Standard 

Importance 

vs. 

Knowledge 

Importance 

vs. 

Materials 

Knowledge 

vs. 

Materials 

CS11 Describe various career opportunities 

in the aquaculture industry. 

0.48 1.06 0.58 

CS12 Describe safety precautions for the 

aquaculture industry. 

0.54 1.09 0.56 

CS13 Explain the historical background of 

aquaculture. 

0.36 0.93 0.58 

CS14 Categorize aquaculture species as 

cold, cool, or warm water species. 

0.28 0.82 0.54 

CS15 Describe infrastructure necessary for 

aquaculture production. 

0.59 1.00 0.42 

CS16 Define concepts associated with 

health management of aquacrops. 

0.66 1.02 0.36 

AVG  0.46 1.13 0.67 

 

Figure 4 

Graphical representation of the discrepancy between the mean Importance rating and the 

mean knowledge rating. 
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  To identify the statistical significance of the discrepancies between the means of 

IMP, KNOW, and MAT a mixed design analysis was used.  This mixed design was 

chosen instead of running three t-tests to reduce type I error and reduce the number of 

analyses.  The test report showed that the data violated Mauchly‟s test of spericity (p < 

0.001) indicating that the variances between IMP, KNOW, and MAT were not equal.  

Using the Greenhouse-Geisser equation to test for within-subject effects indicated that 

there was a significant difference between the discrepancy scores F(1.674,318.053) = 

129.964, p < 0.001.  The partial Eta squared value for this difference indicated a large 

effect (η
2
 = 0.406).  Fisher‟s least significant difference (LSD) test indicated significant 

differences in all pairwise comparisons, IMP-KNOW p < 0.001,  IMP-MAT p < 0.001, 

and KNOW-MAT p < 0.001.   

 

Mean Weighted Discrepancy Scores (MWDS) 

The next step in the assessment of the need for training or improvement was to 

weight the scores based on their importance.  The need for in-service training with 

respect to the various aquaculture content standards was determined by calculating the 

mean weighted discrepancy score (MWDS).  Weighted discrepancy scores were 

calculated for each respondent for each of the content standards by subtracting the 

knowledge rating from the importance rating and multiplying the result by the 

importance rating (Borich, 1980). Mean weighted discrepancies were calculated 

for each content standard by dividing the sum of the weighted discrepancy scores 
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for the content standard by the number of observations (Borich, 1980).  This is the 

formula. 

   (        ) 

    (  )(   ) 

      
∑   

 
 

The content standards with the highest MWDS, and therefore the greatest need for 

training were, CS10 - Describe the control of diseases and pests in aquatic environments 

(4.19, SD = 5.47), CS16 – Define concepts associated with the health management of 

aquacrops (3.86, SD = 5.37), and CS12 – Describe safety precautions for the aquaculture 

industry (3.58, SD = 5.25).   The content standards with the lowest MWDS were CS14 = 

Categorizes aquaculture species as cold, cool, or warm water species (2.28, SD = 4.64) 

and CS13 = Explain the historical background of aquaculture (2.31, SD = 4.64).   Table 

14 indicates the MWDS and SD for each of the content standards. 
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Table 14 

Mean weighted discrepancy scores (MWDS) for each aquaculture content standard (IMP 

–KNOW)

 

 

Content Standard MWDS SD 

CS1 Differentiate among freshwater, brackish water, and 

saltwater ecosystems. 

2.42 5.04 

CS2 Relate geological and hydrological phenomena and fluid 

dynamics to aquatic systems. 

2.59 4.82 

CS3 Explain the importance of biogeochemical cycles in an 

aquatic environment. 

2.63 5.05 

CS4 Determine important properties and content of water as 

related to aquaculture. 

2.55 5.19 

CS5 Identify the genotype and phenotype for specific 

characteristics in aquatic animals resulting from selective 

breeding. 

2.55 5.84 

CS6 Describe adaptations that allow organisms to exist in 

specific aquatic environments. 

2.52 5.18 

CS7 Describe processes and environmental characteristics that 

affect growth rates of aquatic animals. 

3.08 5.20 

CS8 Determine effects of the fishing industry on the aquatic 

environment. 

3.55 5.56 

CS9 Describe various structures and equipment used in 

growing aquacrops. 

3.24 5.28 

CS10 Describe the control of diseases and pests in aquatic 

environments. 

4.19 5.47 

CS11 Describe various career opportunities in the aquaculture 

industry. 

3.25 5.13 

CS12 Describe safety precautions for the aquaculture industry. 3.58 5.25 

CS13 Explain the historical background of aquaculture. 2.31 4.64 

CS14 Categorize aquaculture species as cold, cool, or warm 

water species. 

2.28 4.52 
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Content Standard MWDS SD 

CS15 Describe infrastructure necessary for aquaculture 

production. 

3.41 5.35 

CS16 Define concepts associated with health management of 

aquacrops. 

3.86 5.37 

 

 MWDS were also calculated to identify the greatest need for improvement of 

educational materials used to teach the content standards using the formula. 

   (       ) 

    (  )(   ) 

      
∑   

 
 

The content standards identified with the greatest MWDS for teaching material 

improvement were CS8 = Determine effects of the fishing industry on the aquatic 

environment (7.00, SD = 6.45) and CS10 = Describe the control of diseases and pests in 

aquatic environments (6.89, SD = 6.42). The content standard with the lowest IMP-MAT 

MWDS was CS2 = Relate geological and hydrological phenomena and fluid dynamics to 

aquatic systems (4.80, SD = 5.58).  Table 15 indicates the IMP – MAT MWDS for each 

of the content standards. 
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Table 15 

Mean weighted discrepancy scores between importance and materials for Alabama 

aquaculture content standards.

 

 

Content Standard MWDS SD 

CS1 Differentiate among freshwater, brackish water, and 

saltwater ecosystems. 6.40 6.30 

CS2 Relate geological and hydrological phenomena and fluid 

dynamics to aquatic systems. 4.80 5.58 

CS3 Explain the importance of biogeochemical cycles in an 

aquatic environment. 6.05 6.52 

CS4 Determine important properties and content of water as 

related to aquaculture. 5.89 6.60 

CS5 Identify the genotype and phenotype for specific 

characteristics in aquatic animals resulting from selective 

breeding. 
5.64 6.53 

CS6 Describe adaptations that allow organisms to exist in specific 

aquatic environments. 6.52 6.57 

CS7 Describe processes and environmental characteristics that 

affect growth rates of aquatic animals. 6.81 6.23 

CS8 Determine effects of the fishing industry on the aquatic 

environment. 7.00 6.45 

CS9 Describe various structures and equipment used in growing 

aquacrops. 5.67 6.07 

CS10 Describe the control of diseases and pests in aquatic 

environments. 6.89 6.42 

CS11 Describe various career opportunities in the aquaculture 

industry. 6.07 6.37 

CS12 Describe safety precautions for the aquaculture industry. 

6.24 6.40 

CS13 Explain the historical background of aquaculture. 

4.90 5.78 

CS14 Categorize aquaculture species as cold, cool, or warm water 

species. 5.03 6.21 



118 

 

 

 

 

 

Content Standard MWDS SD 

CS15 Describe infrastructure necessary for aquaculture production. 

5.48 5.74 

CS16 Define concepts associated with health management of 

aquacrops. 5.68 6.24 
 

 

Multivariate analysis of variance (MANOVA) 

A 3x2 MANOVA was conducted using the Statistical Package for Social Science 

(SPSS v.19) utilizing the Wilk‟s lambda formula to examine the data.  Wilk‟s lambda is a 

statistical test used in (MANOVA) to test whether there are differences between the 

means of identified groups of subjects on a combination of dependent variables (Bartlett 

et al. 2000).  The three dependent variables were importance of the content standards 

(IMP), knowledge of the content standards (KNOW) and materials used to teach the 

content standards (MAT).  The two independent variables were teacher type and 

experience level.  Teacher type was the first independent variable and had three levels, 

science teachers (SCI), career and technical education teachers (CTE), and those teachers 

that taught both (BOTH).   The null hypothesis for teacher type was that there was no 

difference between them.   Experience of the teachers was the second independent 

variable and was divided into two levels, teachers with less than the mean level of 

experience (14 years) and those with more than 14 years.  The null hypothesis in this case 

was that there was no difference between the two levels of experience.  The p-value used 

for the MANOVA was .05. 

 Analysis of the data indicated that there was no significant interaction effect 

between the teacher type and experience level F(6, 320) = 1.447, p = 0.196.  There was 
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also no significant main effect with respect to the two levels of experience F(3,160) = 

1.078, p = 0.360.  There was, however, a significant main effect with respect to teacher 

type F(6,360) = 2.282, p = 0.036.  This means that there was a significant difference 

between how the teacher groups viewed either the IMP, KNOW, or MAT.  The partial 

Eta squared value indicated that the effect size was 0.041 which is considered a small to 

moderate effect.  A follow-up analysis of variance (ANOVA) was performed to identify 

which dependent variable (IMP, KNOW, MAT) was different within teacher type.   The 

Lavene‟s test of equality of variance indicated that our data did not violate the equal 

variance assumption so we could continue ANOVA with confidence.  Results of the 

ANOVA indicated that there was no significant differences between how the teachers 

viewed IMP or KNOW,   F(2,162) =  1.463, p = 0.235 and F(2,162) = 1.441, p = 0.24 

respectively.  There was, however, a significant difference in the way the science teachers 

viewed the materials F(2, 162) = 6.332,  p = 0.002.  The size of the effect was moderate 

(η
2
 = 0.072). 

 The next step in the analysis was to determine which of the teacher groups viewed 

the materials differently.  The post-hoc Fisher‟s least significant difference (LSD) test 

indicated that the science teachers as a group thought significantly less of the materials 

than the CTE (p < 0.001) and BOTH (p = 0.045) teacher groups.   The CTE and BOTH 

groups did not vary significantly from each other (p = 0.726). 

 A mixed design analysis was used to determine if there was a difference between 

the early and late (after December 1
st
) respondents to the survey.  The analysis suggested 

that there was no difference F(1, 189) = 1.572, p = 0.211.  The last statistical test used in 
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this experiment was a Chi squared test to determine the significance of the last two 

questions on the survey.  Question 14 was; Are you interested in aquaculture, question 15 

was, if your schedule allowed would you be interested in teaching an aquaculture course.  

The Χ
2
 test indicated that significantly more people answered yes to both question 14 and 

15,   Χ
2  

= 64.381, p < 0.001 and 16.621, p = 0.001, respectively. 

 

Summary 

 Through the analyses the researcher was able to successfully answer all three 

research questions and determine the greatest areas of need with regard to aquaculture 

training and curriculum development.  Discussion of meaning and significance of the 

study results are presented in chapter five. 
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CHAPTER 5 –  

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 
The purpose of this study was to improve teachers‟ ability to effectively use 

aquaculture as a tool to teach math and science.  It involved an exploration of  how 

Alabama science and career tech teachers perceive the importance of aquaculture related 

topics, their knowledge of those topics and how they perceive the quality and quantity of 

available teaching materials.  This information made it possible to identify the greatest 

areas of need with regard to aquaculture training and curriculum development (or 

identification).  This knowledge should prove valuable to schools in scheduling in-service 

training, pre-service teacher training and in the long run, create more aquaculturally 

literate citizens with an improved ability to prosper in a technology advanced society and 

help feed our ever-growing population. This chapter provides an overall summary of the 

study, its‟ limitations, conclusions drawn and recommendations for future research. 

  

Summary 
 

Aquaculture or fish farming is the aquatic version of agriculture. Aquaculture is 

the reproduction and growth of aquatic organisms in a controlled or semi-controlled 

environment (Stickney, 1979; Lovshin, 1989). It is an important facet of agriculture and 

is destined to play a major role in the production of food for the earth‟s growing 

population. Aquaculture, like agriculture, is a complex subject with numerous facets for 
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study in educational programs. Aquaculture is an excellent teaching tool, because it easily 

integrates many disciplines including biology, chemistry, economics, math, and physics.  

Growing fish, aquatic plants, and other living things in the classroom creates a living 

laboratory and promotes daily hands-on experiences that enrich the learning environment.  

A review of the literature indicated that it is generally accepted that aquaculture 

education programs motivate students and assist in teaching math and science principles.   

However, effective use of aquaculture as a teaching tool is limited by teacher 

knowledge and the training materials that are currently being used. This study was 

conducted to validate this hypothesis by answering three research questions: 

1. Importance of Content Standards.  How do teachers certified to teach the 

aquaculture curricula perceive the importance of various content standards of 

the Alabama aquaculture science course of study? 

2. Abilities. What are teachers‟, certified to teach the aquaculture curricula, 

perceived abilities, indicated by their current knowledge, to teach the content 

standards of the Alabama aquaculture science course of study? 

3. Teaching Materials.  How do Alabama teachers, certified to teach the 

aquaculture curricula, perceive of the quality of aquaculture teaching 

materials? 

 

Conclusions 

Based on the limited demographic data related to our study sample it is difficult to 

draw many conclusions.  Assuming that the study sample is representative of the 

population in question it appeared that there were more female, 75%, than male science 
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teachers, 25%.   That trend was reversed in the CTE category where only 20% were 

female and 80% were male. This indicates that there is a need to recruit more females to 

teach CTE and more males to teach science.  The mean age of the teachers was 42.5 

years but the age distribution of the teachers in the sample indicated that 29% of the 

teachers were more than fifty years old.  This indicates that there will be excellent 

opportunities for science and career and technical teachers in the next 10-20 years.  Few 

of the teachers in the study had PhDs (1.6%) but the majority had masters (64.9%). This 

seems to indicate that there is little incentive (or time available) for teachers to pursue a 

PhD. 

 Data related to the importance (IMP), knowledge of (KNOW), and materials 

(MAT) used to teach the content standards (CS) indicate that in general the CTE teachers 

rated the topics more important, had greater knowledge of, and rated the materials of 

higher in quality.  Based on the analysis, the CTE teachers thought that the contents 

standards were more important (M = 3.82, SD = 1.06) than the BOTH group (3.80, SD = 

1.07) or the SCI teachers (M = 3.60, SD = 1.14).  Teachers often regard topics that they 

know more about as more important so the finding is not surprising.  Among the 65 CTE 

teachers responding to the survey 52 indicated teaching one or more of the classes related 

to aquaculture (aqua experience, aquaculture science, aquatic biology, and fish and 

wildlife management).  There were 130 respondents that indicated they taught one or 

more science courses, but only 23 indicated that they taught either aquaculture science or 

the aquascience elective.  It makes sense then that science teachers would have less 

knowledge of aquaculture in general. 
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The CTE group also indicated that they had greater knowledge of the content 

standards (CTE KNOW M = 3.36 SD = .084; BOTH KNOW M = 3.35, SD = 1.08; SCI 

KNOW M = 3.07, SD = 1.10).    Interestingly 7 of the 10 shared (CS 1-10) were ranked 

higher by the BOTH group than the CTE teachers but 5 of the 6 CS shared only between 

the CTE and BOTH groups (CS11-16) were ranked higher by the CTE teachers.  This 

seems to imply that those teachers that specialize in the CTE area have greater knowledge 

of the content standards specific to their courses.  This is most likely a result of their CTE 

training. 

In the materials section the CTE teachers gave the highest overall ratings 2.84, SD 

= 0.94 followed by the BOTH teachers 2.75, SD = 1.30 and the science teachers 2.20, SD 

= 1.04 thought the least of the materials.  According to the MANOVA, the difference 

between the SCI teachers and the CTE teachers was highly significant (p < 0.001) and 

significantly different than the BOTH category (p = 0.045). The SCI group rated the 

materials as a whole below average (M = 2.20) while the CTE and BOTH groups rated 

the materials as average (M = 2.84 and 2.75), respectively.  This indicates a need for 

improving the quality of aquaculture teaching materials available to SCI teachers.  It 

should be noted, however, many of the SCI teachers who are qualified to teach 

aquaculture courses do not teach it and it is unknown how much aquaculture content they 

are using in the other courses.  It could be that because many of the SCI do not teach 

aquaculture they do not pursue the material to do so and are therefore less aware of what 

resources are available.  It would benefit the aquaculture community and educators to 

improve the general awareness of aquaculture. 
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Discrepancies 

 

 One of the key elements of this study was to identify discrepancies between 

importance and knowledge, importance and materials, and knowledge and materials.  The 

researcher found the most illustrative portion of the analysis was shown in figures 4-6.  

These figures show not only discrepancies but indicate the magnitude of those 

discrepancies.  In all cases the data showed positive discrepancies. All of the mean 

importance ratings were higher than the mean knowledge ratings. The mean importance 

ratings were also greater than the mean materials ratings and all the knowledge ratings 

were greater than the materials ratings.  These discrepancies indicate a strong need for 

additional aquaculture training and materials development. 

When the importance rating of each CS was used to weight the discrepancies to 

create the (WDS) the discrepancies between both IMP-KNOW and IMP-MAT appeared 

even larger. In fact the MANOVA indicated that all of the discrepancies were in fact 

highly significant in all pairwise comparisons (IMP-KNOW, p < 0.001; IMP-MAT, p < 

0.001, and KNOW-MAT, p < 0.001).  The two CS with the greatest mean weighted 

discrepancy scores (MWDS) were both related to diseases and health management of 

aquatic species (CS10 and CS16).  This discrepancy indicates that while the teachers 

consider the theme of health management and disease important they have relatively little 

knowledge of the topics.  This represents an outstanding opportunity for in-service 

training.  As aquaculture continues to grow and the intensity of the aquaculture 

production systems increase there will be a greater emphasis on maintaining an 

appropriate environment and understanding and controlling disease and disease vectors.   
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The larger magnitude of the DS and the MWDS between the IMP and the MAT 

indicates a need even greater than that for improved training.  The need for the 

development of quality teaching materials that can be used to educate students about 

aquaculture principles is plainly evident.  This need is especially great with respect to 

science teachers.  As noted earlier the MANOVA indicated that the science teachers 

thought significantly less of the materials than either the CTE or the BOTH groups.  

However, it is possible that quality materials available in these subject areas exist but 

teachers‟ awareness of these materials is low.  The greatest MWDS between IMP and 

MAT was CS-8 Determine the effects of the fishing industry on the environment.  

Aquaculturists often point to the declining catches from the ocean as a primary need to 

expand aquaculture.  Educational materials, however, to convey this message to 

educators and children are considered below average.  If the aquaculture industry hopes 

to gain support for its‟ activities then providing this kind of information is critical. 

 

Teacher Experience 

 The data shows that there was no significant difference between teachers 

experience level (< 14yrs, >14yrs) and the way they rated the importance, knowledge or 

quality of materials.  In historical terms using aquaculture as a teaching tool is a relatively 

new phenomena started approximately 20 years ago.  The realization that there is no 

significant difference between the experience groups indicates that while aquaculture 

education is growing, pre-service teacher training is lacking.  This appears to be the case 

with both science teachers and CTE teachers. 
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Content standard observations 

 

CS 2 – Relate geological and hydrological phenomena and fluid dynamics to 

aquatic systems was rated the lowest in all three of the categories examined, IMP, 

KNOW, and MAT. It‟s placement at the bottom of all three categories means that not 

only is it not important but teachers have a low knowledge how to teach it.  It is not 

surprising then that they rate the materials available below average as well.  Just as 

teachers often tend to think that the subject they know most about are more important, 

conversely, it may be that the less they know about a topic the less important it will be.  

In personal conversation with both CTE and SCI teachers it has been my experience that 

there is some confusion as to what this CS is really about.  The wording of CS-2 is very 

broad, somewhat ambiguous and seems to share a lot of content with CS-3 Explain the 

importance of biogeochemical cycles in an aquatic.  It might be possible to eliminate CS-

2 altogether and not significantly reduce the information provided to the students. At a 

minimum CS-2 should be reworded.  

 

Recommendations 

 The study of aquaculture education is in its infancy so there are a myriad of 

potential areas of continued study.  Based on the nature of this study and its results 

recommendations for future studies might include 

1. Expand this type of study to other states, regions or nationally. 

2. Identify the reasons that more aquaculture training is not included in the pre-

service training of science and career tech teachers. 
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3. Investigate if and how science teachers are infusing aquaculture into other science 

courses. 

4. Develop aquaculture in-service training opportunities and evaluate the post-

training use of aquaculture in the classroom. 

5. Examine successful secondary school aquaculture programs to investigate 

whether these programs affect student grades. 

There is a growing body of evidence to suggest the significant capacity of 

aquaculture as an area of study to improve agriscience programs and serve as a cross-

curricular mechanism to improve students‟ competency in math and science. Educators 

have found that using aquaculture to teach the principles of math and science improves 

student interest and motivation (Conroy, 1999; Conroy & Walker, 2000; El-Ghamrini, 

1996; Leighfield, 2005; Lovitt, 1999; Mengel, 1999; Reese, 2001; Wingenbach, Gartin & 

Lawrence, 2000).  Scientists and economists forecast that aquaculture will play an 

increasingly important role in providing protein to the world‟s expanding population.  

These highlights from chapter two indicate why this study was conducted.  The results 

indicate that there is still a significant gap between the importance and knowledge of 

aquaculture related topics and an even greater gap between the importance of these topics 

and the materials available to teach them. This should provide motivation for pre-service 

teacher education providers to improve the amount of aquaculture content in their teacher 

preparation.  It should also provide stimuli for the aquaculture community to do a better 

job of telling their story.  The motivation to use aquaculture as a teaching tool is clear, 

now we must improve the ability of the teachers to use it.  
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