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: This integrated project will be conducted in 2 phases for a

total of 22 months. It aims to update and elaborate the
innovative curriculum and teaching resources developed for
High Scope Program II during 2011 and 2014, and further
promote this refined teaching package to vocational high
schools and agriculture-related industries. This integrated
project comprises two sub-projects ” The evaluation of



oo Mg

educational promotion of innovative curriculum in quality
agriculture” and” The elaboration and promotion of
innovative and inquiry curriculum for vocational high
schools”

These teaching packages containing five curriculum themes,
educational promotion evaluation forms, and teaching
strategies will be refined in improvement cycle base on
action research methodology, which characterized by
applying creative-thinking and 5E-inquiry teaching methods,
in order to significantly motivate students’ creativity
and scientific inquiry ability. The major project schedules
to hold workshops to cultivate high school teachers’
creative-thinking and inquiry teaching capabilities. And on
the other hand, i1t will promote the refined teaching
packages to agriculture-related industries, as well as
provide feedbacks to sub-project II for further curriculum
improvement. The sub-project II focuses on teaching package
refinement and promotion in high schools.

The sub-project Iwill mainly engage in the evaluation of
educational promotion and collect the findings as the other
curriculum improvement reference for sub-project II. It
will also assist sub-project II in elaborating and
enhancing the 5E inquiry teaching packages, including
modifying existing evaluation forms as effective teaching
evaluation tools. For the agriculture-related industries,
the sub-project I will develop “bE inquiry learning
evaluation check list” as their promotional result
evaluation tools.

quality agriculture, curriculum refinement, creative
thinking, inquiry teaching method, educational promotion
for agriculture-related industries, educational promotion
evaluation
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The development and promotion of refined innovative curriculum
In quality agriculture (sub-project I : The evaluation of
educational promotion of innovative curriculum in quality
agriculture)

Abstract

This 2-phase integrated project aims to elaborate and disseminate the innovative curriculum and
teaching resources developed for another integrated project “the development and evaluation of inquiry
and innovative curriculum of quality agriculture at vocational high schools” undertook during 2011 and
2014. This integrated project comprises two sub-projects”The evaluation of educational dissemination of
innovative curriculum in quality agriculture” and ” The elaboration and dissemination of innovative and
inquiry-based curriculum for vocational high schools”

This project updated and elaborated the teaching resources developed for High Scope Program II as
refined teaching packages and disseminated these teaching packages to other vocational high schools.
Each teaching package contains innovative teaching materials, educational dissemination evaluation forms,
and teaching strategies feature creative-thinking and 5E-inquiry teaching methods, in order to significantly
inspire students’ creativity and scientific inquiry ability. These teaching packages were elaborated in
improvement cycle based on action research methodology,

The main-project was involved in holding workshops to enhance high school teachers’ instructional
skills. The high school teachers of sub-project Il took charge of elaborating the teaching resources as
refined teaching packages and developed relevant dissemination plan and strategies. The feedback from
dissemination activities then became important reference to further improve these innovative curriculum
resources.

The sub-project T was mainly engaged in the evaluation of educational dissemination and collect the
findings for more curriculum improvement reference for sub-project II. It also assisted sub-project II
in elaborating and enhancing the 5E inquiry teaching packages, including modifying existing teaching
plans as well as evaluation forms as effective teaching evaluation tools. For the agriculture-related
industries, the sub-project I developed “5E inquiry learning evaluation check list” as their
disseminating result evaluation tools.

This integrated project undertaken during Oct 2014-Nov. 2016 has develop 3 teaching packages”
turnip”, “seed germination” and “herb gardening” and implement ed experimental teaching in the
department of horticulture at the National Tao-Yuan Agricultural and Industrial VVocational High School
and the National Kuan-Hsi High School. Moreover, the teaching packages were evaluated by triple
evaluative mechanisms: high school self-evaluation, high school peer evaluation and visiting evaluation by
the scholars to ensure their quality and dissemination value.



In the first phase of this integrated project, two refined teaching packages were completed, two
workshops were held for the high school teachers, two teaching demonstrations for the quality agriculture
curriculum of horticulture department were held and the curriculum evaluation were completed.
Furthermore, these teaching packages were disseminated to the agriculture industries through three
workshops and gained positive feedback. In the second phase of this integrated project, another two
refined teaching packages were developed and a website was constructed for further curriculum
dissemination. Meanwhile, the participant high students attended an international interchange to Japan, a
larger-scale workshop were held for more high school teachers, and these teaching packages were
disseminated to and taken by another three vocation high schools in Taiwan.

Keywords: quality agriculture, the development and evaluation of innovative curriculum,
5E-inquiry curriculum, innovative teaching package.
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1. Az Globose

2. HEEA: Ellipsoidal
3. ERH:ES Ovoid

4. flEpR:gs Obowvoid

5. EER: Club-shaped
B. Y G 5 o Spheroidal
7. [ElzEES Conical

8. —[E2EES Pyramidal
9 ElEzifs Obpyriform
10. ElEERz Turbinate
11. VSR Fusiform
12 EEMELRE Lenticular
13. ElIiER: Cylindrical
14. =EHhHe Tubular
15. —FEER Prism-shaped
16. i ES Cube

17. tEnERE Spiral

18. =R Moniliform
19, wmE(FE ) Napiform
20. = Annular
21. Bt Discoid

22. EfERE Terete
23~26., EGHE Angular
27. BiE Ridged

28. =03 Grooved
29, EEEH: Keeled

30. BEH: Channelled
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Rotate
Cup-shaped
Funnel-shaped
Campanulate
Urceolate
Calceolate
Tubular
Ligulate
Labiate
Personate
Cruciate
Hypocrateiform
Papilionaceous
Liliaceous
Rosaceous
Galeate
Calcarate
Caryophylleous
Irreqular
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Botrys

Cyme

Raceme

Spike

Corymb

Umbel
Dichasium
Pleiochasium
Monochasium
Rhipidium
Drepanium
Helicoid cyme
Scorpioid cyme
Panicle
Compound umbel
Head

Spadix

Catkin
Cyathium
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Simple fruit

Dry fruit
Dehiscent fruit
Indehiscent fruit
Juicy fruit
Agrregate fruit

Legume
Capsule
FPoricidal capsule
Follicle

Pyxis

Silique
Silicule
Loment
Samara
Schizocarp
Achene
Caryopsis
Mut

Drupe

Berry

Pepo
Hesperidium
Pome
Cynarrhodium
Etaerio
Etaerio
Syconium
Cone
Sorosis
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ABSTRACT
This integrated project will be conducted in 2 phases for a total of 42 months. It aims to update and elaborate
the innovative curriculum and teaching material developed for High Scope Program II during 2011 and
2015, and further promote this teaching material package to vocational high schools and agriculture-related
industries. The agricultural industries, departments of agriculture, and the School of Bio-Technology in
China University of Science and Technology provided the support and guidance to foster and grow crops
under the standard of quality agriculture.
The teaching material will contain two curriculum themes, creative-thinking teaching and 5E-inquiry
teaching methods, in order to significantly motivate students’ creativity and scientific inquiry ability. The
major project schedules to hold the workshops to cultivate high school teachers’ creative-thinking and
inquiry teaching capabilities. This project aims to understand how the new curricula for education on quality
agriculture can be designed for education in the courses from the Department of Horticulture in the cluster of
agriculture-related courses for vocational high school students in Taiwan. The research and education
methods will mainly include, action research, creative-thinking instruction, inquiry-based instruction, and
curriculum development assessment model.
The project successfully developed creative-thinking teaching and 5E-inquiry teaching materials for
Department of Horticulture at the National Tao-Yuan Agricultural and Industrial VVocational High School
and the Department of Horticulture at the National Kuan-Hsi High School. The teaching materials were
named “Vanilla Gardens” and “Seed Forest”. To promote the professional growth of teachers gardening,
innovative curriculum, professional skills, teaching abilities and to encourage students to participate in the
production of the keynote, the project took place 4 conferences.

Keyword: quality agriculture, creative thinking, the development of teaching material, innovative
curriculum.



Introduction

The purpose of this project is to promote students’ learning autonomy and learning initiative by providing
innovative and adequate pedagogies and teaching materials for the agriculture cluster courses of high school
in Taiwan. These innovative curriculums are infused with *“creative-thinking instruction” and “5E
inquiry-based instruction” to activate the interaction between teachers and students and are developed and
elaborated with the implementation of experimental teaching in the agriculture-related departments of two
high schools in Taiwan.

This research focuses on refining the innovative curriculums developed during 2011-2014 for High Scope
Program of the Ministry of Science and Technology Taiwan as “Teaching Packages” and promoting these
teaching packages to more high schools, agricultural industries and organizations, as well as the farmers’
academy. The feedback of the promotional activities will be adopted as a reference and basis of further
elaboration of the teaching packages. This project has incorporated the resources from industry, academy
and research to select and elaborate the innovative curriculums, and to propagate these teaching packages for
further research accomplishments toward the emerging technology education and cultural and creative
industry.

Research Purpose

The quality agriculture innovative curriculum centered on creative-thinking instruction and 5E inquiry-based
instruction was developed using an action research model and the implementation of these curriculums aims
to foster students’ creative-thinking ability and scientific inquiry ability. Therefore the purposes of this
research are as follows:

1. Main project guides the subproject to develop 4 kits of refined teaching packages for the Department of
Horticulture in the agriculture cluster of vocational high school.

2. Main project build up the promotion model of the teaching packages and help the subproject in promoting
these innovative curriculum Kits to more high schools, agricultural industries and organizations, as well as
the farmers’ academy.

3. Construct network platform as the curriculum & instruction consultation (inside the project) and
curriculum resource intercommunication (out of the project).

4. Propose suggestions and assess the promotional benefits of the teaching packages based on the feedback
of the promotional activities.

Literature Review

1. Quality agriculture

The goal of Quality agriculture is to lead the traditional agriculture from production to living industry and
improve peoples’ healthy diet, safeguard the farmers’ well-being and nurture sustainable agriculture and
environmental sustainability for the next generation. The Council of Agriculture at Executive Yuan (2009)
specifically defined quality agriculture as the capital and technology—intensive, high standard, potential to
market, eco-friendly agriculture complying with health and safety requirements. (Chen,2010).

With the theme of healthy agriculture in Quality agriculture, assorted topics regarding the native medicinal
plants and vegetables of Taiwan were selected to develop innovative curriculums.  And the refined teaching
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packages are infused with teaching strategies of creative-thinking instruction and 5E inquiry based
-instruction. The purpose this is project is not only to help foster students’ knowledge, skills and attitude,
but also enhance students’ literacy in humanities, arts and technology and the ability to adapt to social
changes suggested by technological and vocational high school curriculum guidelines (MOE, 2014).

2. Innovative curriculum Kits (teaching packages)
(1) Definition: comprehensive teaching resources were developed for each course unit including lesson plans,
course contents in the forms of text books, PPT slides and a set of evaluation forms for course assessment
which can be adjusted in accordance with different situation and students’ needs when using and promoting
the curriculums. Teachers’ mastery of teaching package contents is recommended prior to instruction.
(2) Usage: Regarding the packages as instructional reference and resource rather than temple. And after
perusing the teaching package contents, the teachers can utilize the packages autonomously to maximize its
utility.
(3) Benefits:
a. Pre-teaching: reduce the burden of lesson preparation for teachers by illustrating the teaching situation, the
core concepts of each course, the pedagogy and the application.
b. While-teaching: to facilitate smooth instruction with the following features:
(a) The teaching packages provide an informative guideline in text, graphs, and photos regarding the course
contents, and a set of forms to assess teaching and learning effects.
(b) Analyze the plating tips and steps, clarify the core concepts of the course, summarize the educational
highlights and create discuss extension.
(c) Help the students stablish integrated concepts by employing the knowledge in the teaching packages
during classroom discussions.
(d) By using the teaching packages flexibly, teachers can enrich their creative and multiple instructional
strategies in quality agriculture.
c. Post-teaching: as students’ self-learning resources, supplementary teaching materials and the teaching
reference for other teachers.

(4) Teaching materials and aids:
a. Teaching materials.
b. Teaching aids (PPT slides, films and so on).
c. Instructional design checklist.
d. Lesson plans.
e. Teaching observation forms.
f. teaching record.
g. Students’ learning feedback questionnaire.
h. Students’ reflection form.

3. Evaluation of Curriculum Development Process

Following the previous project, the evaluation structure of curriculum development process used in this
research is based on “the vocational high school-based curriculum development model” suggested by Weng
and Yang (2009). This model comprising stages of “curriculum implementation” and “curriculum
evaluation” was applied to evaluate the experimental teaching results and teaching material quality at
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National Tao-yuan Agricultural & Industrial Vocational High School and National Kuan-hsi Senior High
School in order to refine the innovative curriculums as eleborate teaching packages.

4. Employing 5E learning cycle to the industry

The 5E learning cycle suggested by Bybee & Landes helps to cultivate excellent teachers and is recognized
with numerous successful teaching experiments. Besides taking creative-thinking pedagogy and 5E
inquiry-based pedagogy as teaching strategies, and introducing invention stories and examples and
creative-thinking skills to encourage teachers’ and students’ creativity, this research also implemented 5E
inquiry-based teaching methods to shape Student-Centered Instruction (SCI) and arouse students’ spirit of
scientific inquiry and enhance their creative motives and abilities.

Research Method
1. Theoretical framework
Action Research was adopted for the curriculum development of this project through the cyclical process of
defining problems, planning corrective actions, implementing plans and evaluation feedbacks. Frequent
reflections and discussion are required to continuously revise the teaching materials until the completion of
final teaching packages. This action research cycle is also employed when new problems arise.
In Phase Il and Ill of this project, the teaching packages are schemed to promote to the agricultural
industries and organizations, as well as the farmers’ academy. The theoretical framework of this integrated
project is illustrated as follows(Figure 1):

Quality Action Creative _oE Curriculum
agriculture research teaching inquiry development
teaching evaluation
Phase I-
matchup
Major project & platform
( construction
Agriculture promotion hina University of'Science
/ local govemment and Technology:
Biotechnology companies Dept. of Biological Science
Digital teaching and Technology,
materials companies organic farm,
) computing center,-and
Refinerelies y distance learning section
promotion of Feedbacksto  E ce Technical Phase I1-
innovative teaching and e e support ;
curriculum L als " Innovative | experimental
Education promotion curriculum .
evaluatio resource promotion
(to agricylture industry matchup
and advice

& local agticulture

" Curriculum
promotio

g platform
refinement

—

R
Phase I11-
omotio .
application extensive
promotion

raining and promotion o
teaching package

Innovative curriculum in

quality agriculture
(‘Teaching package)

for local governments, industries
and vocational high schools

Figure 3 Theoretical Framework
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Research findings and discussion

1. Furthering the development and elaboration of innovative curriculum in quality agriculture for
High Scope Program

The quality agriculture innovative curriculums for department of horticulture at high schools developed
during prior period were integrated and refined as 5E inquiry-based teaching packages with the cooperation
between high schools, university and academia. And in Phase Il of this project, the promotion of the two
teaching packages was made to National Tao-yuan Agricultural & Industrial Vocational High School and
National Kuan-hsi Senior High School. The contents of the two teaching packages are demonstrated in the
following:

(1) Herbs Gardening

This 5E inquiry-based teaching package “Herbs Gardening” is infused into the Landscape Gardening
curriculum of department of horticulture at high school and take five classes to perform. The contents of this
teaching package include 5E lesson plans, the diagram of knowledge structure under Know-Based Systems
(KBS) framework, the PPT slide file I: site investigation and analysis, the PPT slide file Il: Establishment of
Gardening design concepts, and the PPT slide file Ill: The principles of landscape design and the
corresponding 6 learning sheets: (1) Site investigation and analysis sheet, (2) The five-senses sheet (3) The
diagram of the five-senses, (4) The concept of design sheet, (5) The experiencer map and (6) Mandala
thinking practice sheet.

(2) Seed Propagation
This 5E inquiry-based teaching package ” Seed Propagation” is infused into the Basic Horticulture
curriculum of department of horticulture at high school and take eight classes to perform. The contents of
this teaching package include 5E lesson plans, knowledge structure framework (KBS), Introduction to
subtropical Floriculture, Basic Horticulture and PPT slide files for teaching unit of seed pretreatment. It also
provides seed boxes and real seed samples of various kinds for practical instruction.

2. Curriculum evaluation

Apart from the curriculum development consultation and technical support to the high schools, the
researchers at the university also give advices on experimental teaching and curriculum evaluation to the
high schools. The contents and mechanism of curriculum evaluation are constructed as below:

(1)The 5E inquiry-based teaching packages were evaluated by triple evaluative mechanisms:
a. High school self-evaluation

b. High school peer evaluation

c. Visiting evaluation by the scholars

(2) The evaluation of 5E inquiry-based teaching packages consists of five dimensions:
a. 5E lesson plans

b. Learning Kits

c. Teaching Aids



d. Course materials
e. Students’ learning outcome assessments

Research achievements

1. Evaluating students’ learning achievement according to the teaching visit records and students’
pretest vs. posttest scores of inquiry ability.

Upon analysis of the students’ pretest vs. posttest scores of inquiry ability who took the innovative
curriculum in the promoting high school and promoting object high school, the findings are listed as follows:

(1) Students’ overall inquiry ability is significantly improved in the dimension of “Data collection &

presentation”

The study samples are the 382 students ranging from grade 1 to 3 of landscape gardening department at
National Tao-yuan Agricultural Industrial Vocational High School (the promoting school) and of horticulture
department at National Kuan-hsi Senior High School (the promoting object school). These 382 participants
took” the Quality agriculture inquiry-based teaching packages to students’ inquiry ability” scale with 4
dimensions: ability to form questions, inquiry execution, data collection & presentation, and interpretation &
Communication of Results.  The results of the statistical analyses indicate that the students get considerable
high scores (above 15 points) in all dimensions of the inquiry ability (see table 1).

Table 1 Students’ pretest vs. posttest scores of inquiry ability

Dimension Test Mean n SD
1. Ability to form questions pretest 18.11 382 3.05

posttest 18.40 382 3.22
2. Inquiry execution pretest 18.71 382 3.05

posttest 18.78 382 3.16
3.Data collection & pretest 16.30 382 3.56
presentation posttest 17.02 382 3.59
4. Interpretation & Pretest 18.07 382 3.20
Communication of Results posttest 18.23 382 3.30

The Paired Samples Statistics revealed that the students’ inquiry ability in the dimension of “data collection
and presentation” had the post-course average score of 17.02 and the pre-course average score of 16.30 with
obvious improvement of 0.72. And it was found through Paired-Samples T Test that students’ inquiry ability
shows significant difference in the dimension of “data collection and presentation” illustrated in table 2 as
below:



Table 2 Students’ inquiry ability Paired-Samples T Test

. Std.
Score difference . df t
Deviation
1. Ability to form questions 0.29 3.37 381 1.68
2. Inquiry execution 0.07 3.39 381 0.42
3. Data collection &
) 0.72 3.94 381 3.57 ***
presentation
4. Interpretation &
0.16 3.37 381 0.92

Communication of Results

**% < 001

2. The feedbacks show all attendee farmers, 92% are satisfied with this workshop

On June 17, 2015, the research team of China University of Science and Technology held a “The application
of creative-thinking with 5-E learning cycle to agriculture” workshop for the farmers, who are also the
pineapple production and marketing group leaders governed by Guken township office at central Taiwan.
This workshop comprised three sessions “Creative-thinking with 5-E Learning cycle”, “Experimental
methods for inquiry-based instruction” and “Experimental Method Design for agricultural product
improvement” lectured by a vocational education scholar, the principal investigator and co-principal
investigator of the main project. The feedbacks from the attendee farmers are analyzed as follows:

(1) Among all attendee farmers, 92% are satisfied with this workshop. As for the benefits of attending this
workshop, 95.59% agree that they can improve expression ability, 90.9% agree that their thinking ability are
enhanced, 86.4% think that their self-learning ability are improved, 81.8% reckon that they have knowledge
growth, 50% agree that they can know more scholars and peers, and 36.4% think this workshop helped them
improve their professional ability.

(2) In terms of the influences of attending this workshop, a majority of attendee farmers like to apply
creative-thinking skills and inquiry methods to agricultural product process and marketing strategies and
23% of them want to conduct agricultural product improvement and experiment. 54.5% of attendee farmers’
satisfaction is because of receiving new knowledge and concepts from this workshop.

(3) The goal of this workshop is to help farmers to solve farming problems by employing 5-E learning
strategy to foster farmer’s scientific intellect, encourage them to perform experiments and further motivate
their creativity and innovation.
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¢ Reducing the burden of lesson preparation for teachers by illustrating
the teaching situation and the application.

¢ Helping the students stablish integrated concepts by employing the
knowledge in the teaching packages during classroom discussions.
¢ By using the teaching packages flexibly, teachers can enrich their
creative.
Post-teaching
¢ Students’ self-learning resources, supplementary teaching materials
and the teaching reference for other teachers.
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The feedbacks fro‘ attendee farmers are analyzed as follows:
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\
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\
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.
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o ) <L L - b q
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95.596 agree that IS @11) llnprove e&preséion ability

{ 7
92% are satisfied with this workshop|
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knowledge and product
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ABSTRACT

This research carried out the development and experiment of teaching materials in the
horticulture department at a vocational high school in Taiwan. By using quasi-experimental design,
it examined students’ creativity and inquiry abilities and teaching effectiveness after implementing
5E inquiry instruction via experimental teaching which could be applied to the agriculture cluster in
vocational high schools.

The methodologies taken are action research, experimental study and questionnaire survey.
Students’ learning achievement was evaluated by their pretest vs. posttest scores of inquiry ability.
This one-year study has completed a set of teaching materials based on 5E inquiry teaching model to
develop knowledge framework and train practical skills to foster students’ science and research
literacy of adherence to the truth and willing to share.

This research developed an all-season harvest calendar with 8 kinds of seeds in spring, 22 kinds
of seeds in summer, 39 kinds of seeds in autumn and 13 kinds of seeds in winter. Each month is
featured with the exterior of seasonal plants with high recognition which allows teachers’ easy
selection of seeds for classroom practice.

Keyword: Inquiry-Based Pedagogy, Agriculture Cluster, Seed Germination, Experimental Teaching.

INTRODUCTION

Inquiry instruction is a process-oriented pedagogy emphasizes students’ proactive learning process to
discover problems, solve problems and from which gain experiences. The ethos of inquiry is
consistent and enduring in every discipline, while its praxis is diverse. Based on the inquiry idea
and primary activities, a variety of teaching models are developed subject to the inquiry topics,
inquiry contents and the participant students.

This study carried out the development and experiment of innovative teaching materials in the
horticulture department at a vocational high school in Taiwan. By using quasi-experimental design,
it positioned students in real situation and cultivate their ability to identify and solve problems,
design and conduct research, collect and analyze data, create descriptions and explanation, form



conclusions, and report their findings. And the researchers examined students’ creativity and
inquiry abilities and teaching effectiveness after implementing 5E inquiry instruction. A full set of
teaching materials and aids were developed via the experimental teaching which could be applied to
the agriculture cluster in vocational high schools.

This research project entitled “The development and promotion of refined innovative curriculum in
quality agriculture” was funded by the High Scope Program Il of the Ministry of Science and
Technology, Taiwan and is cooperatively conducted by the researchers at China University of
Science and Technology and the educational practitioners at National Tao-yuan Agricultural &
Industrial Vocational High School and National Kuan-hsi Senior High School in Taiwan. The
subjects of this study, the horticulture department students are enabled to observe the trees and seeds
in the campus, form questions and explore the solutions autonomously.

RESEARCH PURPOSE
The four purposes of this research are listed as follows:

1. Developing 5E inquiry curriculum” Seed Germination” in the Horticulture department at
vocational high schools

2. Implementing experimental teaching of 5E inquiry curriculum” Seed Germination” in the
horticulture department at vocational high schools.

3. Probing the students’ inquiry ability difference after their taking the experimental teaching of 5E
inquiry curriculum” Seed Germination”.

4. Completing 5E inquiry curriculum” Seed Germination” to meet the demands for inquiry
curriculum of the vocational high schools in Taiwan.

LITERATURE REVIEW
The National Science Education Standards characterize inquiry instruction as involving students in a
form of active learning that emphasizes questioning, data analysis, and critical thinking. Inquiry
pedagogy is not a fixed pattern. Any inquiry-centered pedagogy with goal of helping the students
to cultivate scientific concepts, inquiry skills and contemporary views of nature of science is an
inquiry pedagogical method. The following are four major inquiry models:

1. Scientific inquiry instruction

Scientific inquiry instruction was advocated by Schwab (1962). Scientific inquiry instruction
regards that the process skills are equally important with regard to the contents. The instructors
should emphasize learning ability training than impartation of knowledge. The instructor identifies
the research topic and questions and provides required experimental equipment for the students to
develop research methods and solve the problem by practice. The students are required to find the
problems based on the facts, collect data, test the hypothesis, form explanation according to the data
analysis results and resolve the problems and further gain new knowledge or create new concepts in
each inquiry stage. Schwab’s (1962) scientific inquiry instruction involves four phases as shown in
figure 1.
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Figurel. Schwab’s scientific inquiry instructional phases

2. Creative Inquiry Model(CIM)

Creative Inquiry Model was proposed by Torrance, Carin and Sund (Chang,2012) which is the
pedagogy that develops one’s creativity by emphasizing the process of exploring, discovering and
solving problems. The major five stages: problem finding, inference, Hypothesis formation &
testing design, explanation, and analogy and development iterate and form an inquiry learning cycle.
Each learning stage as shown in figure 2 is designed to enable students to improve their fluency,
flexibility, originality and elaboration.

Hvpothesis
formation&
testing design

Problem
shooting

) Analogy and
@ development

Figure 2. Creative Inquiry Model by Torrance,Carin and Sund

3. The inquiry-based pedagogy infused with 5E Teaching Method

The 5E Learning Cycle model imported the three-stage learning circles as the basis (Atkin & Karplus,
1962), targeted students as the learning subjects, has depicted the model of cycling pedagogy which
IS an activity-orientated constructive pedagogy. The teaching process includes the five stages of
engagement, exploration, explanation, elaboration and evaluation. Each stage is scheduled with the
learning missions based on perspectives of learners. The adopted teaching strategies diversified in
the dimensions of teaching, learning, material level, and educational resources. The teaching
modules were designed by the style of inquiry teaching to fit the various times for education (Key, &
Bryan, 2001).

As illustrated in Figure 3, the teachers merged the 5E inquiry teaching with creative thinking,
inspired students to define the problems, actively search out answers. Finally, the students
practiced to induce by their data, interpret the data and derive the conclusions.
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Figure 3. The inquiry-based pedagogy infused with 5E Teaching Method

4. Cooperative inquiry pedagogy

Classroom is conceived as a social laboratory and the instruction relies on the interdependence
between the instructor and the students which enables the participants to share learning liabilities and
collaboratively build up rules and agreements with others as well as construct the knowledge and
understanding of the curriculum(Marsh, 2010). Thelen claimed that the cooperation should involve
the interaction between students and between instructors, as well as the dialogue and information
sharing among the community members instead of traditional one-way information transfer lecture.
And every community member should participate in all discussions rather than being dominated by
the instructor and certain superior students ( Borasi & Fonzi, 1999) . The instructional steps are

shown as figure 4.

Instructor Students Students _
indicates the identify and formulate Group Evaluation
problems organize the hypothesis using investigation of the
gtsjgg%??i‘%‘th problems the experiences inquiry

A i rocess
exXperiences and process skills p

Figure 4. The instructional process of Thelen’s cooperative inquiry pedagogy
RESEARCH METHODS

1. Action research

The main methodology taken by this study is action research to develop quality agriculture
innovative curriculum contents from selecting the curriculum units, compiling teaching materials and
teaching aids through carrying out experimental teaching, collecting teaching feedback, modifying
teaching materials and developing teaching packages to curriculum promotion. The
aforementioned phases were implemented collaboratively by the researchers at China University of



Science and Technology and the educators at National Tao-yuan Agricultural & Industrial
Vocational High School. And educational theories were utilized in each phase to further enhance
the research process and outcomes as the followings:

(1) The 5E instructional model

The 5E instructional model was adopted as the teaching ethos and technique. The innovative
curriculum utilized invention stories, inventor paradigms and creative thinking skills to stimulate the
creativity of the instructor and students of agriculture cluster in vocational high schools. And the
5E learning cycle created a student-centered educational atmosphere to inspire students’
experimental inquiry initiative and improve their creative motivation and ability.

(2) The evaluation model of curriculum development

The curriculum evaluation structure used in this research is based on “the vocational high
school-based curriculum development model” proposed by Weng and Yang (2002). This model
consisting of stages of “curriculum implementation”(process) and “curriculum evaluation”(outcome)
was applied to evaluate the experimental teaching results and teaching material quality at National
Tao-yuan Agricultural & Industrial Vocational High School and National Kuan-hsi Senior High
School in order to facilitate the modification and elaboration of the curriculum contents.

This study features its” flexibility, resilience and diversity in implementation which provides the
instructors a diversity of pedagogies to select situationally subject to the instructional goals, course
content, activity design, and teaching strategies and techniques.

2. Literature analysis

This study utilized literature analysis as the other primary methodology to collect the literatures from
books, international journals, research papers, theses, dissertations and government’s publications of
subjects related to the scope of vocational high school curriculum, the innovative teaching methods
and materials, and the curriculum evaluation(theories, contents, methods, process and tools). These
related literatures were compared, analyzed and integrated based on bath theoretical and practical
perspectives to develop an adequate curriculum evaluation system for the innovative curriculum of
this project.

3. Questionnaire survey

Questionnaire surveys were conducted by the instructors to the participant students before and after
their taking the creative teaching in assorted courses at the two vocational high schools to assess
students’ inquiry ability difference as the reference for teaching improvement. Besides, satisfaction
surveys were taken by the participant administrative faculty members, the instructors and the
students at the two vocational high schools to assess the influence of the infusion curriculum to the
class students and the practicability of implementing this innovation curriculum.
RESEARCH FRAMEWORK

This research carried out experimental instruction and curriculum development at National Tao-yuan
Agricultural & Industrial VVocational High School and National Kuan-hsi Senior High School, and
eventually promotes the elaborate teaching packages to other vocational high schools in Taiwan.
Action research was incorporated into this study for the curriculum development through the cyclical
process of identifying problems, planning corrective actions, implementing plans and evaluation
feedback. Frequent reflections and dialogues are suggested to continuously modify the teaching

10



materials until the completion of final teaching packages. The action research cycle repeats when
new problems arise. The theoretical framework of this research is illustrated in figure 5.
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Figure 5. The theoretical framework
RESEARCH FINDINGS AND DISCUSSION

1. Completion of 5E inquiry curriculum plans for the experimental teaching of practical course” Seed
Germination” in the Horticulture department at vocational high schools

This project completed the lesson plans for 5E curriculum” Seed Germination” in the Horticulture
department at vocational high schools with objectives of: (1) the introduction of horticulture plant
taxonomy, identification and physiology and (2) the introduction of horticulture plant growing
conditions and cultivation.  And this curriculum aims to foster students abilities of (1)
understanding of the types and fruiting seasonality of the fruit plants on campus, (2) familiarization
with the knowledge and practice of seed pretreatment for assorted plants, (3) designing the seed
pretreatment methods and corresponding experiments, (4) doing scientific observation and record
and (5) conducting plant Germination and production.

The lesson plans referred to the required process and procedure of conducting seed Germination for a

variety of plants. This teaching package comprised various seed samples, culture dishes, growing
medium, plant pots and instructional manual. Moreover, a comprehensive set of worksheets are
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provided by this curriculum to help enhance the natural scientific contents and stimulate the students’
learning interests.

2. Completion of 5E inquiry teaching materials for the experimental teaching of practical course”
Seed Germination” in the Horticulture department at vocational high schools.

This research developed an all-season seed harvest calendar with 8 kinds of seeds in spring, 22 kinds
of seeds in summer, 39 kinds of seeds in autumn and 13 kinds of seeds in winter. Each month is
featured with the exterior of seasonal plants with high recognition which allows teachers’ easy
selection of seeds for classroom practice. A conceptual framework is the structure that provides the
map for all curriculum matters and the conceptual framework of 5E inquiry curriculum “Seed
Germination is illustrated as figure 6.

Seed Germination S )
Xamining seed maturation

Brew seeds
—>| Seed gathering Seeds preservation
Seeds process
Seed ’7 Incised wound treatment and

pretreatment L medicine dressing

Cold stratification

Calculation of rate and

Management of potentiality of seed
sprouting seeds

Control of water and
humidity

Control of temperature and
light

Figure 6. The conceptual framework of 5E inquiry curriculum”Seed Germination”

Below are some illustrations of the curriculum contents:

(1) The teaching materials: Power-point slides as shown in figure 7.
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(Experimental design of Seed Germination)

Figute 7. The Power-point slides of the 5E inquiry curriculum”Seed Germination”

(2) The seed database

The seed database contains a diversity of campus seeds with comprehensive background knowledge
for the instructor and students to understand seed pretreatment methods and enable them to conduct

seed pretreatment process adequately. The campus seed samples are classified and preserved in the
test tubes for the needs and application of the practical courses.

(3) The teaching and learning methods

By using the 5E inquiry lesson plans, the students were required to search the campus for the fruit
plants and collect their seeds. Further, the students conducted seed pretreatment experiments under
teacher's guidance and undertaked the entire plants cultivation process comprising seed germination

and propagation as to forest in pots. In the end of the course, the students also presented the
practice results to and shared their experiences and findings with the class.
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Figure 9. The seed Germination
observation box
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Figure 10. The classification and preservation | Figure 11. The utilization of various cups
of seed in the test tubes and containers as plant pots

(4) The teaching aids (the digital media, teaching tools, experimental equipment, course materials
pack and so on)

Figure 8 to 11 illustrate part of the teaching aids provided in the 5E inquiry curriculum”Seed
Germination.

(5) Multiple evaluation tools: worksheets, operation forms and observation forms

3. Favorable results of the evaluation of 5E inquiry curriculum for the experimental teaching of
practical course” Seed Germination” in the Horticulture department at vocational high schools

This one-year study has completed a set of teaching materials based on 5E inquiry instructional
model consisting of five main steps: engagement, exploration, explanation, elaboration and
evaluation performed in iterative cycle to activate teaching activities and inspire students’ inquiry
learning through the process of learning by doing, developing knowledge framework and training
practical skills to foster their science and research literacy of adherence to the truth and willing to
share.

Per students’ pretest and posttest scores of inquiry ability, it was found that on the average the grade
10 students had significant difference in the dimension of “data collection and presentation” in
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numerical value, indicating that the participant grade 10 students significantly advanced their ability
in this aspect after their taking the 5E inquiry curriculum.

The comprehensive set of teaching and learning evaluation forms provided by this curriculum could
be utilized as instructional aids meeting the diverse needs in vocational high schools to help enrich
natural scientific learning contents and inspire the learning initiatives of students.

The curriculum evaluation results were assessed from the aspects of the vocational high schools, the
participant educators and the participant students at the vocational high schools as the following:

(1) For the vocational high schools

By conducting the 5E inquiry curriculum experimental teaching, the seeds of all campus plants were
collected and preserved. The campus plant seeds database facilitates sustainable planning and
implementation of greening and beautifying the school environment in the future.

(2) For the participant educators at the vocational high schools

By implementing the High Scope Program, the instructors at the vocational high schools
significantly improved their instructional skills and ability through compiling the 5E lesson plans and
teaching materials and developing various innovative teaching aids under the curriculum evaluation
mechanism.

(3) For the participant students at the vocational high schools

This project conducted learning satisfaction survey with dimensions of cognitive integration, skill
proficiency, and devotion to the (vocational) high school students who took the courses. The
survey results revealed the students’ high satisfaction with the curriculum indicating degree of
85.82% in cognitive integration, 90.08% in skill proficiency, and 86.75% in devotion. In the
qualitative aspect, a majority of students showed positive feedback to the curriculum including
favorable participation and completion of the operation and practice of the course, as well as
outstanding achievement of class assignments.

4. Students’ overall inquiry ability is significantly improved in the dimension of “Data collection &
presentation”

The study samples are the 182 grade 10 students of landscape gardening department at National
Tao-yuan Agricultural Industrial Vocational High School (the promoting school) and of horticulture
department at National Kuan-hsi Senior High School (the promoting object school). These 182
students took” the Quality agriculture inquiry-based teaching packages to students’ inquiry ability”
scale with 4 dimensions: ability to form questions, inquiry execution, data collection & presentation,
and interpretation & Communication of Results. The results of the statistical analyses indicated
that the students get considerable high scores (above 15 points) in all dimensions of the inquiry
ability (see table 1).
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Table 1 Students’ pretest vs. posttest scores of inquiry ability

Dimension Test Mean n SD

1. Ability to form questions pretest 18.11 182 3.05
posttest ~ 18.40 182 3.22

2. Inquiry execution pretest 18.71 182 3.05
posttest  18.78 182 3.16

3.Data collection & presentation pretest 16.30 182 3.56

posttest 17.02 182 3.59
4. Interpretation & Communication of Results  pretest 18.07 182 3.20
posttest 18.23 182 3.30

The Paired Samples Statistics revealed that the students’ inquiry ability in the dimension of “data
collection and presentation” had the post-course average score of 17.02 and the pre-course average
score of 16.30 with obvious improvement of 0.72. Students’ inquiry ability shows significant
difference in the dimension of “data collection and presentation” illustrated in table 2 as below:

Table 2 Students’ inquiry ability Paired-Samples T Test

. Std.
Score difference L df t
Deviation
1. Ability to form questions 0.29 3.37 181 1.68
2. Inquiry execution 0.07 3.39 181 0.42
3. Data collection &
) 0.72 3.94 181 3.57 ***
presentation
4. Interpretation &
Communication of 0.16 3.37 181 0.92
Results
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Introduction-1

This research project was funded by the High
Scope Program II of the Ministry of Science and
Technology, Taiwan and is cooperatively
conducted by the researchers at China University
of Science and Technology and the educational
practitioners at National Tao-yuan Agricultural &
Industrial Vocational High School and National
Kuan-hsi Senior High School in Taiwan.

;g Content Introduction-2
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\_) Literature Review

\)Theoretical Framework

\) Methods

Q Research findings
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Research Outcomes

This study carried out the development and
experiment of innovative teaching materials in
the horticulture department at a vocational
high school in Taiwan. A full set of teaching
materials and aids were developed via the
experimental teaching which could be applied
to the agrlculture cluster in vocational high

qova. Japan
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Purpose-1

. Developing 5E inquiry curriculum
" Seed Propagation” in the
Horticulture department at
vocational high schools
2. Implementing experimental
teaching of 5E inquiry curriculum
. " Seed Propagation” in the
horticulture department at
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Literature Review-1

1. Scientific inquiry instruction
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Purpose-2

3. Probing the students’ inquiry ability
difference after their taking the
experimental teaching of 5E inquiry
curriculum” Seed Propagation”.

4. Completing 5E inquiry curriculum”
Seed Propagation” to meet the
- demands for inquiry curriculum of
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Literature Review-4

4. Cooperative inquiry pedagogy
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Theoretical
Framework

Methods-1

1. Action research

(1) The 5E instructional model:

create a student-centered educational
atmosphere to inspire students’ experimental
inquiry initiative and improve their creative
motivation and ability.

(2) The evaluation model of
curriculum development:

_ consists of curriculum implementation(process)
" and curriculum evaluation(outcome)strategies
z elaboration of the curriculug

Bt [ i
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Methods-2

2. Literature analysis

Regarding the scope of vocational high school
curriculum, the innovative teaching methods
and materials, and the curriculum evaluation

3. Questionnaire survey
»>students’ inquiry ability scale
>satisfaction surveys

agriculture
( Teaching package )
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Research Findings-3

The knowledge structure of curriculum “Seed Propagation”

Examining seed maturation

Seed Propagation

Brew seeds

*{ Seed gathering

Seeds preservation

Seeds process

Seed

Incised wound treatment and
pretreatment

medicine dressing

Cold stratification

seed germination

Calculation of rate and potentiality of

Management of
sprouting seeds

Control of water and humidity
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Research Findings-1

1. Completion of 5E inquiry curriculum

plans for the experimental teaching of
practical course ” Seed Propagation”

in the Horticulture department at
vocational high schools.

to foster students abilities of:

(1) understanding of the types and fruiting seasonality of the fruit

plants on campus.

(2) familiarization with the knowledge and practice of seed
pretreatment for assorted plants.

(3)

doing scientific observation and record.

designing the seed pretreatment methods and experiments.
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Research Findings-2

2. Completion of 5E inquiry teaching
materials for the experimental
teaching of practical course” Seed
Propagation” in the Horticulture
department at vocational high
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(3) The teaching and

Research Findings-6
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Research Findings-9
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Research Findings-7

(4)The teaching aids (the digital media, teaching
tools, experimental equipment, course
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Research Findings-10

3. Favorable results of the evaluation of 5E inquiry
curriculum for the experimental teaching of
practical course” Seed Propagation” in the
Horticulture department at vocational high
schools

(1) For the vocational high schools
(2) For the participant educators at the
vocational high schools
44 (3) For the participant students at the
+  vocational high schools
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Research Findings-8

(5) Multiple evaluation tools:
worksheets, operation forms and
observation forms
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Research Findings-11

(1) For the vocational high schools

By conducting the 5E inquiry curriculum
experimental teaching, the seeds of all
campus plants were collected and
preserved. The campus plant seeds
database facilitates sustainable planning
and implementation of greening and
beautifying the school environment in the
sfuture.
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Research Findings-12

(2) For the participant educators at the
vocational high schools
By implementing the High Scope Program,
the instructors at the vocational high
schools significantly improved their
instructional skills and ability through
compiling the 5E Ilesson plans and
teaching materials and developing various
‘%_ﬁinnovative teaching aids under the
scurriculum evaluation mechanism.
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5 Research Findings-15
4, Students’ overall inquiry ability is significantly
improved in the dimension of “"Data collection &
»  presentation”
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Research Findings-13

“’“"’93) For the participant students at the
vocational high schools

This project conducted learning satisfaction
survey with dimensions of cognitive
integration, skill proficiency, and devotion
to the (vocational) high school students
who took the courses. The survey results
revealed the students’ high satisfaction with
the curriculum indicating degree of 85.82%
,%;in cognitive integration, 90.08% in skill
‘proficiency, and 86.75% in devotion.
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Research Findings-14
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Research Outcomes-2 Research Outcomes-5

5E inquiry curriculum-Seed Propagation(teaching package) 5E inquiry curriculum-Herbs(teaching package)
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Research Outcomes-3

5E inquiry curriculum-Herbs Gardening(monopoly game)
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Research Outcomes-8

SAKURA Science High School Program(SSHP)
Interchange Visit
i\ Time: May 8-14, 2016

8 The participant students of our
research team were selected by
f° the High Scope Program office

to attend the SSHP Interchange
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