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ABSTRACT 

Low interest in plants has negatively affected student performance and hindered 
motivation in learning plant science. The introduction of garden-based learning (GBL) to 
the curriculum was intended to improve the academic achievement and attitude in 
learning plant science through practical experience and a student-centered learning 
atmosphere. Environmental education is seldom infused into the curriculum in Hong 
Kong. This action research (AR) project attempted to use GBL to understand its effect on 
the environmental attitudes of high school students.  

Control and treatment groups were recruited to study the effect of GBL. The 
control group learned plant science using traditional direct teaching while the treatment 
group studied plant science using a gardening program. Pre- and post-assessment, 
surveys, interviews, journals, and field notes were used to collect data. Quantitative and 
qualitative data were processed using the triangulation mixed-method. 

From the statistical results, the academic performance of the treatment group was 
less satisfactory than that of the control group. It was potentially hindered by the lack of a 
conventional in-person learning environment in the treatment group, however      
qualitative data showed that GBL enhanced plant literacy and promoted higher-ordered 
thinking by strengthening student memory and increasing their motivation. GBL also 
catered to different learning styles and was especially helpful for lower achievers. No 
significant statistical difference was observed between the attitude in learning plant 
science of both groups. Yet, the gardening experience was identified as the most 
engaging component. It engaged students in the treatment group in learning plant science 
as students gained achievement, interest, and a sense of responsibility during gardening.      
Significant increment was recognized in the attitude towards the environment of the 
treatment group in both quantitative and qualitative data, while the control group did not 
experience any changes. Students in the treatment group were also more willing to take 
action in environmental protection. The gardening experience was again the critical 
contributing factor. The hands-on and real-life experience created a deeper feeling and 
stronger connection with the environment.  

To sum up, using GBL in teaching plant science enhances the students’ plant 
literacy and engagement in learning. It is proved to be an effective tool for positive 
impact on cultivating the student’s attitude towards the environment. 
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INTRODUCTION AND BACKGROUND 

Vision and Mission in Teaching 

 Of all the different biology topics, my students were generally not interested in 

plants as shown in interviews with teachers and students before the study. Simple polling 

was done in a biology class in the senior form to collect the students’ preferences on the 

topics that interested them the most. Most of them chose topics related to human biology, 

some mentioned animals and genetics, while none of them mentioned plants. In the 

interview, students expressed that they were not familiar with plants and hence not 

interested in them. Also, teachers had a tendency to use traditional lectures and engaged 

in direct teaching of plant science which further disengaged students from the plant 

science units. Few hands-on activities about plants were offered. At the same time, 

student academic performance in plant topics was usually less satisfactory as reported by 

the biology teachers. The lacking of enthusiasm towards learning about plants may 

negatively influence academic performance on these topics. An important part of my 

vision and mission of being a biology teacher is to let students have a taste of the joy of 

learning science from my lessons and develop an inquiry mindset. I feel the most 

passionate in investing effort into creating activities or hands-on work to motivate their 

learning. It is important to me to research how the plant science learning experience can 

be improved with hands-on activities such as planting because learning usually becomes 

more effective when a higher motivation is evoked. Therefore, I wish to put this forward 

in my action research. 
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Instructional strategies that lacked variation and hands-on experience was not the 

only reason that contributed towards the student’s lack of interest in plants. It was also 

because students had limited chances to be in touch with nature either indoors or outdoors 

throughout their entire school life. This may also explain why students felt disconnected 

from plants and nature. Besides, the significant reduction of agriculture in Hong Kong 

since the 1980s was seldom discussed in school curriculum. In particular, my students 

raised in middle-class families unfortunately rarely knew about farming as it was neither 

a high-income nor a popular job. Though plants form the basis of our diets, students had 

little understanding of our food crops. Therefore, I would like to explore new ways, with 

more hands-on activities, to increase student plant literacy and motivation in learning 

plants. 

Another part of my vision and mission of being a teacher was to promote 

environmental education in school. I was the teacher-in-charge of the Environmental 

Education Club and the school garden. Hence, the idea of teaching plant science and 

environmental education through gardening came into my mind. Introducing garden-

based learning (GBL) may enhance their environmental attitude, as well as the plant 

literacy mentioned above. However, when I started planning gardening courses with the 

goal in mind, I discovered that very few local gardening programs or resources were 

available to teachers in Hong Kong. This hindered the implementation of gardening 

practice in school. During the review of the gardening or planting program for promoting 

environmental education in Hong Kong, some involved data collection such as recording 

the plant growth, but they seldom discussed plant science in a greater depth. Also, these 
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programs aimed at building a sense of caring for nature but seldom moved on to the 

discussion of environmental issues. Therefore, I chose to study how the design and 

content of gardening courses may impact the student’s learning in plant science and 

change their environmental attitude in this investigation. This would also be an 

opportunity to create resources for garden-based learning and promote the use of garden-

based learning in Hong Kong. 

Echo to School Major Concerns 

I have been a biology teacher in a secondary school in Hong Kong for over six      

years. I’m currently serving in HKCCCU Logos Academy, teaching junior science and 

biology in senior forms. The HKCCCU Logos Academy is founded from a global 

education perspective. It adopts the 11-year “through-train” mode of primary and 

secondary education, where students complete secondary schooling in a year less than 

other schools in Hong Kong. The school takes advantage of the flexibility of the direct-

subsidy scheme and enjoys well-equipped classrooms and buildings with high-tech 

learning facilities. The school is co-educational. On the secondary campus, there are 30 

classes and serves 1,049 students in total. English is the medium of teaching for non-

Chinese related subjects. Most students are Chinese, and they come from middle-class 

families that are fairly wealthy. Notably there is a wide range in learning abilities      

ranging from high to low achievers. Each year, only about 50-60% of students from the 

Diploma of Secondary Education (DSE) stream meet the minimum university entrance 

requirement, which is right about the average in Hong Kong. Therefore, one of the major 

concerns in the coming three-year plan is “to improve students’ academic performance 
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through curriculum development and teachers’ professional development” (The 

HKCCCU Logos Academy Annual School Plan 2020-21). Apart from boosting students’ 

academic results, my school also aims to help students develop genuine interest in 

studying. Perhaps not so coincidentally, my school’s objective perfectly aligns with my 

action research and offers me the opportunity to take part in the improvement plan. 

Contribution in the Regional Level 

Hong Kong is an international financial hub that relies heavily on the tertiary 

industries of business, tourism, and other services. According to the 2017 report of the 

Census and Statistics Department in Hong Kong, the metropolitan area and special 

administrative region of China has an area of 1,106 km2, which is approximately 0.01% 

the size of the United States, yet it supports a dense population of over 7.5 billion people. 

Hence, education is crucial to prepare a large labor force for the growth of the economy. 

The level of educational attainment increased from 1986 to 2016 and now provides 12-

years of free education and offers more chances for higher education.  

According to the Hong Kong Special Administration Region (HKSAR) Education 

Bureau, there were 506 secondary schools and 329,011 secondary students in the school 

year of 2020/21 in Hong Kong. In secondary education, the average number of students 

in a class is 29.5 and the pupil-teacher ratio is 11.2:1. This reveals that Hong Kong 

teachers have to manage a large class size which causes a burden to teachers and hence 

hinders the effectiveness and implementation of education reforms at the school level. 

Besides, secondary schools are divided into three bands, according to their student’s 

abilities. To recruit the best students into their schools, most schools put a lot of effort 
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into attaining high achievements in the public examination. As a result, Hong Kong 

education is exam-oriented and emphasizes drilling and content knowledge. 

Hong Kong teachers tend to use the method of “direct instruction,” as it is an 

effective way to deal with the large class size and tight schedule. It is also believed to be 

the most effective way to train students to meet the public examination standards and 

requirements (Yeung, 2009). In my point of view, teaching is not just about delivering 

content knowledge, but it is a process to help students in mastering learning. In the 21st 

century, the job market is in demand for talents equipped with skills to deal with the fast 

and ever-changing world. However, from my observation, it is evident that my students 

lack skills in learning, such as higher-order thinking skills, and they are weak in applying 

content knowledge to practical scenarios. They received a lot of drilling for examinations 

but too little training on life-long learning skills throughout their entire school life. They 

may do well in recalling but perform poorly in transferring knowledge to answer higher-

order questions. Therefore, garden-based learning is a type of project-based learning that 

may complement the defects and limitations in traditional direct teaching. 

Hong Kong students are unfortunately quite commonly disengaged in learning. 

Students lose interest in learning because of the endless drillings for examinations and are 

bored by the traditional instructions. Also, the content knowledge they are exposed to is 

disconnected from their real-world experience. Lower achievers feel it is difficult to catch 

up and they give up learning because the prevalent teaching pedagogy does not cater 

towards the learner’s diversity. I experienced this first-hand as my students lacked 

motivation in learning biology. They regarded biology as a subject that mainly requires 
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rote-memorization but not critical scientific thinking. Therefore, low student engagement 

is another problem yet to be fixed in the Hong Kong education system. Instructional 

strategies that promote motivation in learning are worthwhile to invest in taking into 

account that proper attitudes to the subject may further diminish the learning outcomes. 

However, the perception towards learning science is not well-established from 

conventional direct teaching in Hong Kong. Hence, I would like to investigate the 

effectiveness of garden-based learning on students’ academic performance, as well as 

their attitude towards learning plant science. 

Instruction must be shifted from teacher-centered to more student-centered to 

increase the motivation of students. A student-centered approach would be more flexible 

and could cater to different needs in the class. Our education should put more emphasis 

on nurturing students’ higher-order thinking skills and fostering deep learning. In order to 

transform the students’ learning habits, it is necessary to restructure the biology 

curriculum and promote changes in classroom practice. That’s how I came to the idea of 

incorporating garden-based learning into my teaching. Garden-based learning is an 

instructional strategy that is more student-centered, more relatable to daily life 

experience, and promotes the transformation of knowledge. I see this as a potential                     

solution to the learning problems in my biology classes and for the challenges in our 

education system. Hence, I would like to investigate the potential of using garden-based 

learning in biology by launching trials in the junior classes that are under less 

examination pressure. This may provide insights for Hong Kong education as well. 
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One of the key points in the direction of the Hong Kong Educational reform in 

2001 was to provide multiple learning channels. The reform emphasized “learning to 

learn” and “the use of more diversified learning and teaching materials” (Education 

Commission, 2017). It also encouraged students to “engage in life-wide learning beyond 

the confines of the classroom”. I believe Garden-based learning could be applied in such 

curriculum reform. However, at the moment, garden-based learning has received little 

attention from Hong Kong educators, and many teachers are accustomed to conventional 

lecture-based instructions and lack the infrastructural resources and flexibility to adapt to 

new ways of teaching. From previous interviews with teachers, we lacked space to run 

garden-based learning lessons in such a tight schedule. Even though the 2011 reform 

aimed at reducing the emphasis on examination drilling, the assessments and culture in 

Hong Kong education are still examination-oriented and exam-driven and failed to 

alleviate stress on the teachers.  

The uncertainty on the effect of garden-based learning on academic achievements 

has deterred educators from trying such new instructional methods. The primary concern 

of Hong Kong educators is still academic performance. It is difficult to convince teachers 

to adopt a new pedagogy that may hinder the learning of content knowledge. Yet, 

research overseas has shown that garden-based learning can enhance academic 

performance. But no attempt at garden-based learning has been done in Hong Kong. 

Hong Kong educators may worry that investing in garden-based learning would be a 

waste of time. Hence, I hope that my action research project may change these negative 

views and also raise attention from the public. I hope my experience in applying garden-
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based learning serves to provide suggestions on how to facilitate the implementation of 

this instructional strategy and ease the public’s anxiety. I hope my action research may 

also set an example of a garden-based learning tailor-made for the situation in Hong 

Kong. 

The physical environment of many schools in Hong Kong is in fact capable of       

supporting the implementation of garden-based learning. Schools built after 2000 

incorporated more landscape area on the school site. Each millennium or post-millennium 

school now has at least 500 m2 of landscape area as a green space. However, the 

landscape area was unfortunately not well-utilized for educational purposes, such as 

gardening, or as a tool to understand the common plants in Hong Kong. I would like my 

action research to illustrate how garden-based learning can make better use of these 

landscape areas.  

The progress of developing environmental education in Hong Kong is yet to be 

included in the mainstream Education system in Hong Kong (Lee, 1997; Ma, 2019). 

Environmental education is not a mandatory part of the curriculum. The Environmental 

Report of the Education Bureau in 2016 only emphasized the teaching resources prepared 

for teachers’ use and how they could promote environmental education in a small fraction 

of schools. Though there were some environmental education programs in schools, Lee, 

William, and Lam (2009) commented that these programs only lasted for a short term, 

while many of them were only held once throughout the school year. Many of these 

programs only educated about the environment, but seldom educated in or for the 
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environment (Lee, 1997; Ma, 2019). This greatly deviates from the core values of 

environmental education.  

The Council for Sustainable Development education and publicity sub-committee 

claimed that environmental education, which was part of sustainable development, was 

infused into different parts of the curriculum. However, it was mostly conducted through 

direct teaching, where the elements of education in and for the environment were clearly 

missing. Stimpson (1994) pointed out that inquiry-based learning is more effective than 

direct teaching in environmental education, but teachers tended to shift back to direct 

teaching due to the exam-oriented culture and strong-persisting teaching style. He 

suggested that environmental education in Hong Kong should be “less theoretical and 

more practical.” Garden-based learning is an instructional strategy that could fix the 

problems mentioned above. As stated in the case studies of environmental education in 

Hong Kong done by Lee, Lam, and William (2009), lack of resources was one of the 

critical problems that hindered the implementation of environmental education with good 

quality and practices. Therefore, there is an urgency to develop a garden-based learning 

program, backed-up with scientific theories and data for environmental education in 

Hong Kong. 

Need for Garden-Based Learning from a Global Perspective 

In response to UNESCO’s suggestion of nurturing sustainability citizens in 1977, 

appropriate measures shall be developed for environmental education. Wolff, Skarstein, 

and Skarstein (2020) argued for more authentic education for sustainability in the 

Anthropocene. They suggested that outdoor play and learning, and the competent child 
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and agency, as two of the four main focus areas for sustainability education. Play and 

exploration in nature forms an essential means for fostering both the early understanding 

of ecology and emotional bonds to nature (Barratt, Barratt-Hacking, & Black, 2014; 

Beery & Jørgensen, 2018; Chawla & Rivkin, 2014; Knight, 2015; Skarstein & Skarstein, 

2020). Gardening and planting embody nature-based experiences that provide 

opportunities for learners to engage in sustainability education. A competent child is 

aware of their surrounding environment and forms their own views of the world. As 

agents, children become active in their community whilst taking part in the sustainability 

process (Engdahl, 2015; Lindgren, 2018). Engaging children in a garden-based learning 

program aims at bringing changes to the environment and assists the implementation 

sustainability education, serving as an important tool for environmental education. 

In a review of garden-based learning by Desmond, Grieshop, and Subramaniam 

(2004), increased addiction to technology was noticed in the developed world. Virtual 

reality has isolated children from the biological and ecological roots of our world. There 

is a great need for authentic instructional strategies like garden-based learning. However, 

the impacts of garden-based learning have not been examined extensively, except for a 

few case studies. Further studies of garden-based learning on its effect on science 

education and environmental attitude are needed. I would therefore like to focus on 

investigating the effectiveness of garden-based learning on students’ academic 

performance in plant science, attitude towards plant science, and environmental attitudes 

in my action research, hoping to fill the gaps in the understanding of the impacts of 

garden-based learning.  



11 
 

Thus, the main questions that were investigated are: 

• How will GBL impact student’s academic achievement in terms of plant 

literacy? 

• How will GBL impact student’s attitudes in learning plant science? 

• How will GBL impact student’s environmental attitudes? 
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CONCEPTUAL FRAMEWORK 

Garden-based learning (GBL) is the major instructional strategy used in 

formulating the gardening program for the treatment group. I will first introduce an 

overview of garden-based learning, and then discuss its theories, benefits, and 

effectiveness. 

Overview of Garden-Based Learning 

Garden-based learning is an instructional method that utilizes a garden as a 

teaching tool. This definition may oversimplify the powerful function of the garden 

experience in learning. Garden-based learning can go far beyond our imagination. 

...to open the child’s mind to his natural existence, develop his sense of 
responsibility and of self dependence, train him to respect the resources of 
the earth, teach him the obligations of citizenship, interest him 
sympathetically in the occupations of men, and touch his imagination with 
the spiritual forces of the world (Bailey, 1909). 

Garden-based learning is based on experiential education, while the gardens can 

be used as a living laboratory in absorbing knowledge and skills from different 

disciplines. It transforms contemporary basic education from a sedentary, sterile 

experience to a more engaging form with real-life experience. It can also contribute to 

environmental education and sustainable development. 

Philosophy of Garden-Based Learning 

The idea of learning in the natural outdoors employing gardens is not new. It can 

be dated back to the 17th century. John Ames Comenius (1592-1670) encouraged schools 

to be practical and innovative and incorporate social life. He was the first to mention the 
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function of the school garden from the literature. According to Weed (1909), Comenius 

thought that a school garden could provide opportunities for students to gaze upon the 

plants in a leisure setting and learn to appreciate the plants. Later, Jean-Jacques Rousseau 

(1712-1771) stressed the importance of nature in education. He described nature as the 

greatest teacher of a child, in which the knowledge of the natural world would form the 

foundation for later learning (Sealy, 2001). Heinrich Pestalozzi (1746-1827) was inspired 

by Rousseau’s teachings and put forward his thoughts on practical education by teaching 

his students through gardening and other home skills. Friedrich Froebel (1782-1852), 

who was one of the most effective proponents of school gardens in the 19th century, 

gained insights from Pestalozzi’s fundamental principles: hands, heart, and head. He 

promoted the idea of “doing” and observing in which the children can exercise their 

creative energies and are “elevated to productive activity in the full sense of the word” 

(Froebel web online, 1998). 

A few philosophers in the 20th century went a step further to enrich and 

strengthen garden-based learning. Maria Montessori (1870-1952) suggested that a garden 

could aid children in developing their moral values and appreciating nature. John Dewey 

(1895-1952) stated that school gardens provided a real-life situation for acquiring and 

applying knowledge, serving as a place to carry out progressive education. Mahatma 

Gandhi (1890-1948), a naturalist educator, considered the natural environment as an 

important educative context in his model of self-sufficiency of schools (Aggarwal, 1985). 
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History of Garden-Based Learning 

The first school garden originated in Europe (Sealy, 2001). In 1811, Prussia set up 

the first compulsory school with gardening practices, and then in 1869, the installation of 

school gardens was introduced into the law. The movement of using school gardens in 

education swept through Europe quickly under the influence of Froebel (Robin, 2001). 

Impressed by the success of the incorporation of school gardens, it was later adopted by 

Australia and the United States in the early 20th century. 

According to Meyer (1997), garden-based learning has gone through cycles of up-

and-down in the US across the century. In the early 20th century (1900-1930s), garden-

based learning was encouraged due to the progressive education and social reform 

movements but declined after WWII as the gardens were replaced by playgrounds and 

athletic fields, and schools turned their focus to technology (Sealy, 2001). Garden-based 

learning regained attention when culture and environmental movements became popular 

in the mid-20th century. However, school gardens did not develop a firm anchor in the 

education system, said to be weakened by the conservatism of the 1980s (Yamamoto, 

2000). In the late 20th century, there was a revival of progressive education. Coupled 

with renewed interest in environmental education and nutrition issues for children, 

garden-based learning resumed a stronger position in schools.  

Currently, garden-based learning programs have managed to gain popularity in 

some parts of the world, yet some constraints have prevented garden-based learning from 

becoming the mainstream in the educational curriculum of schools. First, this instruction 

method has not been critically examined nor endorsed by educational scholars and 

practitioners. Second, connecting garden-based learning with other disciplines such as 
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project-based learning (PBL), effective experiential education, and advancement in 

academic performance has still not been developed. Other shortcomings are the lack of 

infrastructure support for gardening activities and local strategies to maintain the 

operation of the gardens in schools. 

Theories Behind Garden-Based Learning 

Garden-based learning generally falls into the following two categories:  

(1) experiential learning; and (2) environmental education. It is under the framework of 

constructivism. It is also supported by the theories related to intelligence by Gardner 

(1983; 1999) and Goldman (1995), the socio-ecological model from Moore and Young 

(1978), and the theories from various developmental psychologists (Cobb, 1969; Tuan, 

1978). 

Garden-based learning is an instructional strategy well-supported by 

constructivism. Constructivism is a philosophical view of our cognition, the way we 

understand and learn something (Savery & Duffy, 1995). Constructivism is defined as 

below: 

…an approach to learning that holds that people actively construct or make 
their own knowledge and that reality is determined by the experiences of 
the learner (Elliott et al., 2000, p. 256). 

Constructivism was first introduced and elaborated by famous scholars like 

Dewey (1938) and Piaget (1977). A famous quote from Dewey (1938) is “learning by 

doing and experiencing,” which formed a core value in constructivism. Dewey later 

called for a “theme-based learning” in which garden-based learning could be classified 

into modern education. Piaget (1977) further enriched the theory of constructivism. When 
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current experience cannot be assimilated in the existing schema, it creates a need for 

“accommodation,” in order to interpret new knowledge. It is also where the knowledge is 

constructed. Vygotsky (1978) explained constructivism in the social aspect. An 

individual’s knowledge is influenced by social, cultural, and historical factors, as well as 

how we interact with others within the environment. Understanding is constructed when 

we interact with the environment (Rorty, 1991; vonGlasersfeld, 1989). Whenever there is 

a cognitive conflict or puzzlement, this stimulates us to learn, and causes a shift in 

cognition. The social environment helps us to examine our understanding and develops 

knowledge (Jonassen, 1999). 

Jonassen (1991) gathered views from previous studies and summarizes 

constructivism in the following five tenets. This gives us a holistic overview of how 

garden-based learning is connected with constructivism: 

1. Knowledge is constructed via interactions with the environment. 

2. Reality is in the mind of the knower. 

3. Meaning and thinking are distributed among the culture and community in 

which we exist and the tools we use. 

4. Knowledge is anchored in and indexed by relevant contexts. 

5. Knowledge construction is stimulated by a question or need or desire to 

know. 

Garden-based learning is a kind of experiential learning which is based on the 

intrinsic motivation of the learner and is the process of learning through experience. It is 

more precisely defined as “learning through reflection on doing” (Felicia, 2011). Kolb 
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(1984) studied a lot on experiential learning and believed that learning is “a process 

whereby concepts are derived from and continuously modified by experience.” He 

presented the four-stage cyclic process which is repeatedly applied in every interaction 

and experience: Concrete Experience - Reflection - Abstract Conceptualization - Active 

Experimentation. According to his experiential learning model (Kolb, 1975, in 

Weatherford & Weatherford, 1987), observations and reflections are driven by concrete 

experience, resulting in constructing and generalizing the abstract concepts as well as the 

application of knowledge to new situations. Piaget and other scientists have proved that a 

child’s understanding is built through his actions on the environment rather than learning 

merely by words (Desmond, Grieshop, & Subramaniam, 2004). 

Garden-based learning also belongs to active learning. Active learning is a general 

term to describe “any instructional method that engages students in the learning process” 

(Prince, 2004). In active learning, learners are required to do meaningful learning 

activities and think about what they are doing (Bonwell & Eison, 1991). Through 

examining and solving the problems in garden-based learning, the learners actively 

engage in the process of knowledge construction. 

Intelligence is the intellectual capacity or potential that one is born with and 

heavily relies on. Gardner (1963) theorized that all of us have different intelligence, 

namely, linguistic, musical, logical-mathematical, spatial, bodily-kinesthetic, 

interpersonal, and intrapersonal. Another category of intelligence, naturalist intelligence, 

was later added to his theory of multiple intelligence (Gardner, 1999). It is the ability to 

recognize and classify the natural environment. Drake (1998) recommended the 
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instructional method that is geared toward all the different types of intelligence as it 

provides opportunities for learners to learn more completely. Garden-based learning is a 

pedagogy that allows participants to utilize his or her naturalist intelligence and involves 

other intelligence as well. This caters to a larger spectrum of learners with different 

learning styles. 

In the socio-ecological model from Moore and Young (1978), a child encounters 

three interdependent realms of experience at the same time when engaged in outdoor 

learning activities. They include the physiological-psychological environment of 

body/mind, the sociological environment of interpersonal relations and cultural values, 

and the physiographic landscape of space, objects, person, and natural and built elements. 

As a result, learning in the outdoor environment provides more freedom to the child and 

balances the confines in a supervised indoor learning setting, leading to higher motivation 

in learning. Garden-based learning may create such a socio-ecological landscape in 

learning. 

Developmental psychologists attempted to outline children’ relationships with 

nature and look into whether an innate sense of kinship with nature is manifested by the 

time they reach a certain age (Tuan, 1978). They found that children experience the 

natural world in the most evocative way in their middle childhood (about from five to 

twelve-years-old) (Cobb, 1969). They showed great natural curiosity towards the world at 

this stage. Tuan (1978) believed that “nature is an inarticulate teacher” and added that 

children have to be taught by adults about their natural environment, allowing their 

curiosity of nature to be manifested. 
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Garden-based learning is widely adopted in conveying environmental messages to 

students. The definition of environmental education was first proposed by Stapp in 1969: 

Environmental education is aimed at producing a citizenry that is 
knowledgeable concerning the biophysical environment and its associated 
problems, aware of how to help solve these problems, and motivated to 
work toward their solution.  

Stapp (1969) suggested a comprehensive and visionary understanding of 

environmental education in his era that was still applicable to today. His idea helped to 

transform the concept of environmental education into an international working definition 

of environmental education in the Belgrade Environmental Workshop of UNESCO-

UNEP (1975): 

Environmental education should be an integral part of the educational 
process, aimed at practical problems of an interdisciplinary character, build 
a sense of values, and contribute to public well-being. Its focus should 
reside mainly in the initiative of the learners and their involvement in action 
and guided by both the immediate and future subjects of concerns.  

Through environmental education, one’s awareness, knowledge, attitudes, skills, 

and participation are developed to solve the current environmental problems and prevent 

new ones from emerging (UNESCO, 1977). Garden-based learning guides students to 

observe the interactions between organisms and the environment and to understand our 

impact on the environment through experiential components. Details of incorporating the 

values of environmental education into the gardening program will be discussed in the 

methodology. 

To sum up, the philosophy behind garden-based learning is the amalgamation of 

numerous theories such as constructivist theories, experiential learning, developmental 

theories, and environmental education. Understanding these theoretical concepts of 
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garden-based learning helps us to preserve the key features in designing and 

implementing the gardening program in school. In the next section, the effect of garden-

based learning will be discussed. 

Benefits and Effectiveness of Garden-Based Learning 

Priscilla Logan, educational consultant and permaculture instructor from Santa 

Fe, New Mexico, suggested four reasons for using gardens as a teaching tool (Sealy, 

2001):  

1. High retention rate: as 90% of the gardening experience is regarded as 

hands-on;  

2. Empowerment: students gain a sense of achievement and motivation when 

establishing a connection to the earth; 

3. Academics: Gardens serve as learning laboratories for many different 

subjects, making use of nature to teach different concepts; 

4. Teamwork: Gardening requires cooperation and communication for those 

engaged to work towards a common goal. 

Impact on Academic Achievement 

An improvement in scientific achievement was recorded with the use of 

gardening programs (Klemmer et al., 2005; Smith & Motsenbocker, 2005; Williams & 

Dixon, 2013). Motivation in learning has also increased through garden-based learning 

(Williams & Dixon, 2013). Lieberman and Hoody (1998) has conducted a well-evaluated 

study on environment-based educational programs in which garden-based learning was 
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one of the domain areas being analyzed. Apart from better performance on standardized 

achievement tests on reading, writing, mathematics, social studies, and science, they 

documented reduced classroom management and discipline problems, increased attention 

and enthusiasm for learning, and greater pride and ownership of accomplishments. 

Williams & Dixon (2013) commented that garden-based learning is an effective tool to 

complement the existing curriculum after an extensive analysis of garden-based 

education programs from 1990-2010.  

Impact on Environmental Literacy 

Numerous garden-based educational programs have shown that garden-based 

learning is beneficial in environmental or ecological literacy as well as in teaching 

scientific concepts, for example, Down-to-Earth Program (Williamson & Smoak, 1999), 

Project Green (Skelly & Zajicek, 1998), and Life Lab Science Program (Subramaniam, 

2002). The participants’ attitude towards the environment improved after the introduction 

of garden-based programs. Environmental empathy also became higher (Wallace, 2019; 

Williams & Dixon, 2013). Wallace (2019) suggested that frequent visits to the gardens 

were effective in building ownership and familiarity, therefore increasing empathy 

towards the environment. It also facilitated reflective discussion in the garden-based 

programs and fostered engagement and concern for nature, improving the eco-literacy as 

a result. 

Catering to Different Learning Styles 

Traditional direct teaching may not fit every student’s learning styles while 

garden-based learning may cater to more. According to Dunn and Dunn (1992), the 
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learning style model can be categorized into 5 major groups: environmental, emotional, 

sociological, physiological, and psychological. In the psychological aspect, inquiry-

driven garden-based learning requires high cognitive thinking to engage in abstract 

conceptualization. Group work is a common feature in garden-based learning. Thus, 

garden-based learning may be effective for analytical students as well as those who are 

more sociable. Also, it consists of a lot of hands-on work, which is regarded as a 

physiological element and fits for kinesthetic learners. Garden-based learning is 

conducted in the environment. Hence, learners with different perceptual strengths are 

likely able to take advantage of it. Affective learning was highly encouraged in field-

based learning (Lai, 2006) Therefore, garden-based learning may support learners who 

favor emotional stimuli. Garden-based learning may accommodate and engage learners 

of different learning styles. Yet, more evidence is needed to obtain from this action 

research to make such connections. 
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METHODOLOGY 

In the following sessions, I will outline different quantitative and qualitative 

instruments in detail. I will also describe how the intervention of control and treatment 

groups were devised. 

Data C/ollection 

Data from pre- and post-treatment groups were compared. Data collection 

involved a mix of quantitative and qualitative methods. Triangulation mixed-method 

design was selected for analysis as it allocated equal emphasis on both data. This served 

to merge all the data and compare them to see whether similar results were obtained 

(Creswell, 2005). This could convey the findings with greater credibility if the converged 

data produce similar results (Mertler, 2006). The quantitative data consisted of pre- and 

post-assessment for student’s content knowledge and post-assessment for higher-order 

thinking. All assessments took place immediately at the end of the unit. It acted as a 

“progress testing” (Schmidt, 1995) and aimed to measure knowledge growth over the 

treatment period, instead of knowing how well students prepare for the summative 

assessment. The qualitative data included surveys, student interviews, students’ reflective 

journals, and teacher field notes. The data triangulation matrix (Table 1) lists the three 

data sources for each research question. All surveys, students’ reflective journals, and 

assessments were conducted through Google Classroom using online google forms. As 

students could not stay after school due to COVID-19, interviews were hosted through 
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Zoom meetings and videotaped for reference. The transcripts of the student interviews 

were stored in OneNote, together with the teacher field notes.  

Table 1. A matrix of qualitative and quantitative instruments used in the action research. 
 Data Collection Instruments 

Data source 1 Data source 2 Data source 3 
Research Q.1: 
Academic 
achievement 
(Plant literacy) 

Pre- and Post-test 
(Short questions)  

Pre- and Post-
survey 

Student interviews 
Student reflective 
journals 

Research Q.2: 
Attitude in learning 
plants 

Pre- and Post-
survey 

Student interviews Student reflective 
journals 
Teacher field notes 

Research Q.3: 
Environmental 
attitude 

Pre- and Post-
survey 

Student interviews Student reflective 
journals 
Teacher field notes 

Pre- & Post-Test 

Academic achievement can be judged by the degree of content knowledge 

retention and the ability to interpret and the use of learning materials. It was measured in 

terms of plant literacy, which depended on the students’ understanding of plants and 

mastery of plant knowledge. There were 10 questions in total, containing both multiple 

choice and short questions. The test was designed according to the first three levels of 

Bloom’s Taxonomy, i.e., knowledge, comprehension, and application (Klemmer, 

Waliczek & Zajicek, 2005). Six questions were aimed at testing their plant knowledge, 

while both comprehension and application skills consisted of two questions to assess 

students’ mastery level. As the plant science content taught in the two groups was slightly      

different, two different tests of similar difficulty were employed. The normalized gain 

was used to compare the scores of pre- and post-test. A Shapiro-Wilk test was first 

performed to determine if the small-sized samples follow a normal distribution. As the 
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samples did not follow a normal distribution, a Wilcoxon signed-rank test was employed 

to compare the results of the pre- and post-test in each group, as this set of data came 

from the same individual. The Wilcoxon rank sum test was conducted to detect if there 

was a significant difference in the results between the comparison and treatment groups. 

Mean, standard deviation, ranges, and graphs such as boxplot were also used to aid data 

interpretation. Copy of the pre- and post-test is attached in Appendix A.  

Pre- & Post-Survey 

Apart from assessments, the Likert-scale survey was designed to keep track of 

self-efficacy in academic performance. The 5-point rating scale was recommended for 

measurement (Mertler, 2006). Self-efficacy is the level of confidence that students 

demonstrate in learning plant science. Students were asked to evaluate their level of 

confidence from ten questions. Six of the questions assessed how confident the students 

would be in carrying out a given task about plant science (Baldwin, Ebert-May, & Burns, 

1999), while four of the questions evaluated level of confidence in learning plant science 

in general (Glynn et al., 2011). Every topic in the course or program was covered in the 

survey. Copy of the pre- and post-survey on students’ self-efficacy in learning plant 

science is attached in Appendix B. 

Besides self-efficacy, the students’ attitude towards plant science and 

environmental attitude were hard to measure quantitatively. Hence, the Likert-scale 

survey on a 5-point scale was employed again. The attitude towards learning plant 

science was measured by the students’ intrinsic motivation, engagement, task value, and 

emotional experience in learning plant science. With reference to the research about 
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attitude to science from Glynn et al. (2011) and Pintrich et al. (1993), 16 questions were 

set up. For environmental attitude, there is a psychological tendency expressed by 

evaluative responses to the natural environment with some degree of favor or disfavor 

(Milfont & Duckitt, 2010). It was evaluated by the beliefs and values of individuals 

concerning nature, ecology, or environmental issues. Forty questions were adopted from 

the Environmental Attitude Inventory designed by Milfont and Duckitt (2010). It was 

considered to be more comprehensive than New Ecological Paradigm (NEP) and other 

environmental attitude tools. Copies of the pre- and post-survey on students’ attitude 

towards plant science and environmental attitude are attached in Appendix C and D, 

respectively. 

The composite score was calculated from the Likert items to show the mean of the 

values. Boxplot was used to present the composite score of the Likert scale. A Shapiro-

Wilk test was carried out to determine if the data of the surveys follow a normal 

distribution. As the data did not follow a normal distribution, a Wilcoxon rank-sum test 

was used to compare the composite score of the Likert scale between the pre- and post-

survey and between the control group and treatment group. 

Other Instruments 

Student Interviews. The student interviews focused on more open-ended questions 

to form a clearer picture of the effect of garden-based learning on learning plant science 

and environmental education. Six students were selected for individual interviews after 

the post-test and post-survey were done, two of them were randomly selected from those 

who had high, medium, and low grades, respectively. The interview form was created 
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based on the tools for measuring Environmental Education Program impacts, developed 

by Ballantyne, Packer, and Everett (2005). It touched on students’ knowledge, attitude, 

and behavioral intentions on different issues. Though the conducting of interviews fell 

under a qualitative approach, this data could be analyzed through a quantitative lens. The 

rate of program components that contributed to learning can be presented in the form of a 

histogram, while the responses in perception can be transformed into a graph with axes 

showing the intensity and positivity. A copy of the interview form is attached in 

Appendix E. 

Teacher Field Notes. Teacher field notes provided subjective evidence to evaluate 

and quantify the students’ engagement in learning plant science and environmental 

issues. The observation form was taken from the tools that Ballantyne, Packer, and 

Everett (2005) used for their environmental education research. Each program component 

was evaluated by students’ behaviors and their frequency of engagement. Engagement in 

learning behaviors was subdivided into eight categories, which was adapted from Griffin 

(1999). Each category was ranked, and an engagement score was given to each program 

component for comparison. Students’ verbal and non-verbal responses were considered 

in the analysis. Strategies or activities used during each experience were also documented 

to identify any association with different learning outcomes. A copy of the observation 

form is attached in Appendix F. 

Student Reflective Journal. The student reflective journal was a tool for the 

consolidation of the learning content and experience. It also recorded the personal 

experience and attitude change that could otherwise not be observed in the lessons. 
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Besides, compared with interviews, students’ reflective journals preserved fresh 

memories and immediate responses, as they were collected more frequently. This added 

validity to the interview results. Students were asked to reflect on four simple questions 

based on the research from Oliver-Hoyo and Allen (2006). Students in the control and 

treatment groups submitted reflective journals once a week. A copy of the student 

reflective journal is attached in Appendix G. 

Interventions 

To understand the effect of garden-based learning, I compared a control group 

and a treatment group of students. Comparing the groups before and after the 

investigation provides insight into the effect of garden-based learning. The control group 

taught plant science with traditional lectures, while the treatment group educated students 

about plant science through a gardening course. The working schedule of the control 

group and the treatment group are shown in Table 2. 

Table 2. Working schedule of the control and treatment group. 
Unit Duration Topic covered Instructional strategies 

Control 3 weeks 
(in Nov 2020) 

Plant reproduction cycle Traditional lecture 

Treatment 2 months 
(Mar-May 2021) 

Plant science in gardening Garden-based learning 
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Control Group 

A plant science unit from grade 7 served as the control group. It was about the plant 

life cycle. Traditional direct teaching was the main instructional method. Videos were used 

to assist the delivery of the content. The control group had only a few class activities and 

limited access to the plant samples. It took 3 weeks to complete and included six 45-minute 

face-to-face lessons. The textbook and in-class exercise guided students through the plant 

science unit. The details of the lessons are listed in Table 3. 

Table 3. Lesson plan of the control group. 

Lesson Content Date Time Delivery 
form 

Components 
involved in T&L 

1 Sexual 
reproduction and 
structure of flower 

Nov 10, 
2020 

45 min In-person • Video 
• Notes/Drawing 
• In-class exercise 

2 Pollination Nov 12, 
2020 

45 min In-person • Video 
• Notes/Drawing 
• 3D flower model 

3 Fertilization and 
seed dispersal 

Nov 17, 
2020 

45 min In-person • Video 
• Notes/Drawing 
• Game: Seed samples 

4 Germination Nov 18, 
2020 

45 min In-person • Video 
• Notes/Drawing 

5 Photosynthesis and 
global warming 

Nov 19, 
2020 

45 min In-person • Video 
• Notes/Drawing 
• Experiment set-up 

6 Asexual 
reproduction 

Nov 24, 
2020 

45 min In-person • Video 
• Notes/Drawing 
• Plant sample 
• In-class exercise 
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Treatment Group 

The gardening program was constructed based on the principles of environmental 

education. According to UNESCO (1977), the objectives of environmental education 

were as follows: (1) Awareness; (2) Knowledge; (3) Attitudes; (4) Skills; and  

(5) Participation. Tilbury (1995) proposed a three-fold Approach for environmental 

education: (1) education about the environment; (2) education in the environment; and 

(3) education for the environment. The gardening program used planting to deliver 

educational messages about the environment. The gardening program provided 

opportunities for students to learn in the garden, meeting the goal of education in the 

environment. At the end of the course, students were asked to present their learning 

outcomes and promote environmental education to other students through an exhibition. 

Hence, this program also educated students for the environment. According to the three-

fold approach of environmental education from Tilbury (1995), environmental education 

promoted knowledge, attitude, and behavior in the form of a linear relationship. 

Hungerford and Volk (1990) modified the three-fold approach into the Environmental 

Behavior Model. It suggested essential entry-level variables, ownership variables, and 

empowerment variables for better environmental education results. Entry-level variables 

acted as the pre-requisite variables for enhancing decision making. Environmental 

sensitivity was the key variable to be enhanced through the gardening course. Knowledge 

of ecology and more eco-friendly gardening methods were also taught to influence their 

environmental attitude at the entry-level. For the ownership variables, in-depth 

knowledge of issues was crucial to develop a sense of ownership to the environmental 

issue. Apart from plant science knowledge, being the main theme, low-carbon lifestyle 
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and reduction of food waste were discussed in the workshops. Personal investment was 

also a major factor to increase the students’ ownership towards garden-based learning. 

Home-gardening and caring for the crops in the garden were designated to enhance 

students’ interest in engaging in the environmental education program. Lastly, 

empowerment variables were very important in the building of responsible citizens in the 

environmental aspect. An exhibition of their learning outcome was arranged at the end of 

the program, empowering students to practice the learned skills in taking environmental 

actions in school. In the control group, a global warming and climate change were 

mentioned but no other environmental education approaches were involved in the lesson. 

Fieldwork allowed students to make contact with nature. Field activities were 

experienced-based. This engaged students effectively in the learning process. The 

physical, mental, emotional, and social experiences during fieldwork can lead to more 

active engagement in the learning process (Oost et al., 2011). The gardening program 

also involved fieldwork such as observing organisms in the garden and a soil test.  

“Emotions are at the heart of teaching.” Hargreaves (1998) stressed. Not just 

fostering the cognitive outcomes (Oost et al., 2011), but fieldwork that emphasized 

emotions and affective learning helped to develop environmental values more effectively 

(Lai, 2006). Reflective learning activities such as herbal drink-making and games may 

engage students in the gardening program through the affective domain. 

As after-school activities were restricted, and the launching of the gardening 

program was delayed due to the COVID-19 situation, only four workshops about plant 

science in gardening were delivered in the form of Zoom online live lessons for the 
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treatment group. Each workshop lasted for an hour. Together with the practical activities 

at the school garden, this made up similar lesson time as the control group. Besides 

PowerPoint presentations, the workshops of the gardening program consisted of a wide 

variety of hands-on activities like lettuce tasting, plant trimming, and examination of      

flower specimens. Interactive class activities and discussion were included to facilitate the 

learning of plant science. The details of the workshops are listed in Table 4. 

Table 4. Lesson plan of the treatment group. 

Lesson Content Date Time Delivery 
form 

Components involved in 
T&L 

1 Plant basics:  
Plant parts and 
uses 

Apr 9, 
2021 

60 min Zoom ● Activity: Plants in daily life 
● Activity: Making mint soda 

drink 
● Concept Checking on 

“Quizizz” 
● Video 

2 Plant growth 
(I): Seed 
germination 
and growth 

Apr 16, 
2021 

60 min Zoom ● Activity: Guessing the type 
of seed 

● Activity: Trimming the 
mint 

● Concept Checking on 
“Quizizz” 

● Videos 

3 Plant growth 
(II): Plant 
reproduction 
and healthy 
soil 

Apr 23, 
2021 

60 min Zoom ● Activity: Examining flower 
specimens 

● Concept Checking on 
“Quizizz” 

● Video 

4 Plants for life:  
Pest control 
and low-
carbon organic 
gardening 

Apr 30, 
2021 

60 min Zoom ● Activity: Lettuce tasting 
● Activity: Carbon footprint 

calculator 
● Video 
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The gardening course provided other learning opportunities for students to enhance 

their understanding of plant science (Table 5). Students tried home-gardening on a small 

scale under the teacher’s instructions. The students experienced different ways of planting, 

including planting from seeds, making cuttings, and transplanting. Apart from home-

gardening, a practical course was arranged to enable students to learn plant science in the 

garden during recess time. Students were divided into groups of around 10. They were 

required to attend different weekly practical sessions. Besides practicing gardening skills 

such as watering, they performed soil tests and observed soil organisms in the school 

garden under the teacher’s guidance. At the end of the gardening program, students 

displayed their learning outcomes in an exhibition. 

Table 5. Other learning experience of the treatment group. 
Activity Title Content Time 

I Home 
gardening 

Taking care of three plants (Cherry radish, okra, 
and mint) 

At home 

II Practical at 
the garden 

Practical 1 (Mar 22-25, 2021): 
Choosing pots and filling pots with soil  
Making cuttings from mint 
Sowing seeds of cherry radish 
Transplanting okra seedlings 

Recess 
(20 min) 

Practical 2 (Apr 12-15, 2021): 
Exploring the physical environment of the garden 
Watering and spraying organic pesticides 
Sowing seeds of water spinach 

Recess 
(20 min) 

Practical 3 (Apr 19-22, 2021): 
Soil test 
Treasure hunt for organisms in the garden 
Artificial self-pollination 

Recess 
(20 min) 

III Exhibition Making video and 3D visual displays After school 
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Ballantyne and Packer (2006) introduced a fifth pedagogy, experience-based 

strategies, for facilitating learning in natural environments. They concluded that 

experience-based strategies were identified to be the most effective for delivering 

Environmental Education programs outside the classroom. They proposed the following 

five key elements in experienced-based learning: (1) Learning by doing; (2) Being in the 

environment; (3) Real-life learning; (4) Use of 5 senses in exploration; (5) Local context. 

My gardening program met the requirement of items 1 to 3. For item 4, five senses were 

used to explore the garden, including observing the physical environment and the biotic 

components. When discussing the environmental issue about the low-carbon lifestyle and 

food waste, it was discussed under the local contexts. 
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DATA ANALYSIS 

After the evaluation of the data, I will present the results of academic achievement 

(plant literacy), attitude in learning plant science, and environmental attitude in the 

following sessions. 

Results 

Academic Achievement (Plant Literacy) 

From the results of the Wilcoxon signed-rank test, a significant increase in the test 

score between the pre-and post-test was detected in both the control (N=33; 

p=0.00000043) and treatment groups (N=33; p=0.000002398). Comparing the post-test 

result of the control and treatment groups, the control group scored significantly higher 

than that of the treatment group in the Wilcoxon ranked sum test (p=0.003415). The 

normalized gain of the control group is medium (i.e., 40.3%) while that of the treatment 

group is low (i.e., 22.3%) (Hake, 1998). The Wilcoxon ranked sum test proved that the 

normalized gain of the control group is significantly higher than that of the treatment 

group. As observed from the boxplots, the control group had a higher mean value and 

maximum score (Figure 1). Students in both the control and treatment groups showed 

improvements in almost all questions (Figure 2). The control group showed remarkable 

improvement in all types of questions, while the treatment group did not improve in the 

mastery of knowledge but performed slightly better in comprehension and application. 
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Figure 1. Pre- & Post-test results of the control (N=33) and treatment group (N=33). 

   

Figure 2a. Correct count of different 
questions in the Pre- & Post-test of the 
control group, (N=33). 

Figure 2a. Correct count of different 
questions in the Pre- & Post-test of the 
treatment group, (N=33). 
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After performing the Wilcoxon signed-rank test, both the control 

(p=0.000001283) and treatment groups (p=0.0147561) were found to have a significant 

increase in self-efficacy of learning plant science between the pre-and post-survey. The 

Wilcoxon ranked sum test on the post-survey suggested that the students in the control 

group have a higher self-efficacy than those in the treatment group (p=0.001511). The 

scores of the control group went higher than that of the treatment group from the boxplots 

(Figure 3). Also, the range became much smaller in the control group. 

 

Figure 3. Pre- & Post-survey composite score of self-efficacy in learning plant science 
between the control (N=33) and treatment group (N=33). 

Student interviews were also conducted to evaluate their self-efficacy. The 

students in the control group expressed that the plant science unit was similar to usual 

traditional lessons while a large proportion in the treatment group was surprised to have 

learned more plant science than expected. In general, the students with medium or low 
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grades were uncertain with their answers to the questions in the post-test, while those 

with high grades were confident with their answers. The students with medium or low 

grades said that they could not recall some facts or plant terms without revision, even 

though there were in-class exercises or concept-checking quizzes for consolidation. The 

students were under the impression that they were unable to master the knowledge by 

listening to the teacher’s instruction only once because they lacked good memory. For 

example, one said, “I can’t remember what is taught in class by only listening once.” 

While another said, “I usually do better after revision.” On the other hand, all of the 

higher achievers were quite confident, and the post-test was not difficult for them. One 

explained, “It was quite smooth as I have a good memory to recall what teachers have 

said.” Apart from their good memory, one of the higher achievers in the control group 

suggested that copying the well-organized notes on the whiteboard also helped her to 

learn, while one of the higher achievers in the treatment group thought that she could 

master the knowledge because of her intrinsic interest and her gardening experience in 

the program.  

No matter in the control group or treatment group, the teacher’s explanation 

evidently played an important role, as students often mentioned that the teacher’s 

explanation helped them to learn. Comparing other components that assisted in the 

students’ learning of plant science, the students with medium or low grades suggested 

that authentic experience was often more helpful in the interview. Higher intensity of 

feelings and passion was recorded when students spoke about such authentic experiences. 

One student in the control group said, “I was deeply impressed by touching and 
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observing the seed samples. I never recognized why they have different shapes before.” 

One student in the treatment group mentioned, “I used to think all insects were harmful. I 

was amused that some of them are beneficial to planting during the practical.” The higher 

achievers in both the control and treatment group relied solely on the teacher’s 

explanation. One of them in the control group explained, “I simply paid more attention to 

new knowledge explained by the teacher. It was not related to the method.” Another one 

from the treatment group said, “The gardening experience may somewhat be helpful, but 

I learned new knowledge mainly from the teacher’s instruction in the workshop.” 

A similar pattern of how different components helped the students’ learning of 

plant science was observed when students were being asked what kind of changes they 

would want to see to improve their plant science learning. The students in the control 

group asked for more videos or drawings, while those in the treatment group thought that 

“the gardening provided realistic experience and strengthened our memory towards plant 

science,” and requested more practical experiences. Apart from this, both students in the 

control and treatment group hoped that teachers could repeat the content a few more 

times. But only the treatment group proposed to trim down the content and increase 

interactive activities during the online workshops. A few reported that they could not 

focus in the Zoom workshops, and one suggested that “having more activities would help 

them to focus and learn better.” 

Student reflective journals also provided insight into the effectiveness of learning 

plant science. All of them could accurately recall what they learned that week, while 

some of their entries revealed higher-order thinking. 14.3% of the journal entries about 
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their new findings of plants in the treatment group showed higher-order thinking, which 

was higher than that in the control group (8.1%). The response of the control group was 

limited to the knowledge taught in the textbook, but those from the treatment group were 

more diversified. 42.9% of the students in the treatment group reported discoveries of 

plants from their observations (Figure 4). For example, one was excited to find out that 

“cutting really works. Roots are growing at the cut site of mint.” Another student 

discovered that “after putting the plant in a place with more sunlight the plant grows 

much faster than putting the plants at home”.  

 

Figure 4. Categories of new findings from the control (N=33) and treatment groups 
(N=33). 

About 70% of students in the control group stated that the knowledge itself helped 

them in learning plant science in their journals, but this phenomenon became less 

prominent in the treatment group. Over 40% of students in the treatment group suggested 
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that gardening experience or integration of gardening experience and knowledge was 

effective in enhancing their plant science learning. One explained, “It helps me learn      

more as there are parts that I can participate in. Reading books or watching videos may 

help me understand parts of plants but will not help me know what exactly the use and 

effects of the plant is.” Some students in the treatment group explained how gardening 

motivated them in learning plant science. One said, “I can understand more about the 

needs of plants so that I can take care of them more easily.” 16% of students in the 

control group also mentioned that the application of plant science knowledge into daily 

life would help learn plant science. One thought, “I have managed to understand different 

reproduction of plants and maybe make use of it when planting plants in future.” 

Attitude in Learning Plant Science 

The overall composite scores of the control and treatment groups were presented 

with boxplots (Figure 5). Comparing the pre-and post-survey, the control group had a 

significant improvement in the attitude in learning plants (p=0.00000136) while no 

significant increase was found in the treatment group (p=0.347052). It agreed with the 

observation from the boxplots. Yet, the overall composite score of the pre-survey in the 

treatment group was much higher than that in the control group, suggesting that the 

students that signed up for the gardening program could have a higher initial motivation 

in learning plant science. With the help of the Wilcoxon ranked sum test, no significant 

difference was detected between the post-survey score of the control and treatment 

groups (p=0.7679).   
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Figure 5. Pre- & Post-survey composite score of attitude towards plant science between 
the control (N=33) and treatment group (N=33). 

Students were asked to rank their favorite Biology topics in the survey. As seen 

from the bar chart (Figure 6a), the ranking of plant science in the pre-and post-survey of 

the control group was similar. More students ranked plant science as their third favorite 

Biology topic. The ranking of plant science in the pre-and post-survey of the treatment 

group shifted to a higher position (Figure 6b). 
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Figure 6a. The ranking of plant science in the pre-and post-survey of the control group 
(N=33). 

 

Figure 6b. The ranking of plant science in the pre-and post-survey of the treatment group 
(N=33). 
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Both students from the control and treatment groups showed positive attitude 

towards the plant science unit or gardening program during student interviews. They felt 

“happy to learn new knowledge about plants”. Students in the treatment group also 

expressed satisfaction from the gardening experience. One smiled and said, “I feel that I 

have achieved something when watching the plants grow.” Another student shared 

similar thoughts, “Life became more full when taking up the responsibility of taking care 

of plants.” When students were being asked whether they experienced any changes in 

their attitude in learning about plants, more neutral responses were observed in the 

control group. Only two of them felt happier with an increased understanding of plants. 

In the treatment group, half of the students thought that their attitude in learning about 

plants did not change a lot as they were interested in plants at first, while half of them 

became more interested and their explanations were related to the gardening experience. 

“Even when my mother was showing me about plant growth at home all the time, I didn’t 

have much feeling about them. However, observing my plant growth day by day made 

me more interested in plant science now.” One student from the treatment group 

expressed that the insects that appeared in her plant pots deterred her a bit, though she 

was still interested in plant science.  

70% of students in the control group indicated that learning new knowledge was 

the most engaging component in their reflective journals. One explained, “The part about 

the difference between insect-pollinated plants and wind-pollinated plants engaged me 

the most because I was hoping to make this concept clear for a long time.” Another 

explained, “Plant life cycle engaged me the most because the process is complicated.”  In 
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contrast, only about 30% of students in the treatment group found knowledge itself to be 

the most engaging. Instead, about 60% of students in the treatment group suggested that 

hands-on experiences such as home gardening experiences and the practical experiences 

were the most engaging. Only 9% of students in the control group thought that the hands-

on experience was the most engaging, showing that observing plant samples was not as 

engaging as the gardening experience (Figure 7). Some suggested that taking care of the 

plants engaged them the most because “it was quite a new experience, and it was very 

rewarding to see their seeds germinate” and “seeing the plants grow taller makes them 

feel a sense of accomplishment.” Some liked the practical section the most because they 

can “walk around more and it was fun to see more kinds of plants.” They can also “learn 

more about planting by doing it themselves.” 

 

Figure 7. The most engaging components in the control (N=33) and treatment groups 
(N=33). 
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According to the observation field notes, the examination of real objects had a 

higher average engagement score than other components in the control group (Figure 8a). 

During note taking and working on in-class exercises, students were focused, attentive 

and were absorbed by the task, but they seldom exchanged ideas or showed excitement. 

The responses of students during the visual presentation on screen were mixed. They 

sometimes appeared confused, especially when they could not see the image clearly from 

their seats. Some videos amazed the students. One indicated that “watching the time-

lapse of seed germination was satisfying” in the interview. When examining real objects, 

students exhibited greater interest and excitement and took a more active role in learning. 

Yet, the most hands-on experiences in the treatment group scored over 20, which were 

even higher than examining real objects in the control group (Figure 8b) as students were 

allowed to manipulate the plants by hand. For example, students were very focused when 

performing the soil test and were more willing to express their thoughts. However, the 

reactions of the students were mixed when they encountered nature. Some looked excited 

and took the learning opportunity with great interest, but a few showed hesitation and 

were frightened especially if they had to touch the soil. 
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Figure 8a. Average engagement score of different program components in the control 
group, (N=33). 

 

Figure 8b. Engagement score of different hands-on experience in the treatment group, 
(N=33). 
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Environmental Attitude 

From the Wilcoxon signed-rank test, no significant difference between the pre-

and post-survey in the environmental attitude was found in the control group 

(p=0.463691) while the environmental attitude in the post-survey of the treatment group 

was significantly higher than that in the pre-survey (p=0.0157497). The range of the 

overall composite score in the post-survey of the treatment group becomes much 

narrower and shifts up to a higher position in the boxplot (Figure 9). Comparing the 

environmental attitude of the control and treatment groups in the post-survey results, the 

Wilcoxon rank-sum test indicated that there was no significant difference between the 

control and treatment groups (p=0.876). 

 

Figure 9. Pre- & Post-survey overall composite score of Environmental Attitude between 
the control (N=33) and treatment group (N=33). 



49 
 

In the control group student interview, half of the students could not recall any 

environmental issues they had learned just a week after the plant science unit had ended. 

The remaining ones from the control group did not see the relevance or correlation when 

environmental issues taught in the lessons. All the students in the treatment group 

expressed astonishment when they experienced new findings relating to environmental 

issues. One exclaimed, “I was surprised to know that we have created so much food 

waste every day, in which its mass is equivalent to 300 buses.” One expressed her 

worries for the future, “I felt concerned when I knew that how we plant creates a different 

amount of carbon footprints and they harm the environment. I began to worry for the 

future of our planet.” Many of them mentioned that the game on calculating carbon 

footprints during planting helped them to learn about environmental concepts. One 

suggested, “It was engaging as I can participate, and I want to get higher marks in the 

game.” Another student also appreciated the game, “It is closely related to my daily life, 

making me feel more connected”.  

Comparing the environmental attitude, five students in the control group indicated 

that there was not much difference, while another five students in the treatment group 

found that they became more aware of the environment. One said, “I thought I was doing 

a good job for the environment as I have always been recycling. Indeed, I realized that 

my carbon footprint is even higher than expected after playing the game. I think I can be 

even greener.” However, their reactions did not solely come from the teacher’s 

explanation in the workshops. A few of them pointed out that the practical and gardening 

experience also took an important role. One explained, “I think I don’t have much feeling 
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towards the environment by just listening to the facts delivered in the workshop, but a 

deeper feeling was formed when it resonates with the gardening experience.” Another 

student shared a similar thought, “I used to think that these matters were so distant      

from me, but when I found that I wasted a lot of water during the practical, I was 

shocked, almost guilty to see that I was responsible for the waste.” 

When students were being asked if they have any behavioral change towards the 

environment, most students in the control group answered “no.” A student from the 

control group said, “We are always told to be more environmentally-friendly, but we 

seldom take action. I’m too lazy to do so.” One of them found some help, “I think I’m 

able to explain why we should not waste paper as there will be more deforestation.” On 

the other hand, all of the five students with attitude change in the treatment group 

mentioned specific ways to be more environmentally friendly, such as not using straws, 

reducing waste, and reducing the use of electricity. One recalled, “I began to use less 

water when I brush my teeth. I look up videos related to environmental issues. I take a 

recycled bag with me whenever I go out.” One told me, “I have eaten little recently and 

generated more food waste. I reviewed this practice after the workshop and decided to eat 

everything on my plate.” 

To evaluate how the learning program impacted the students in understanding the 

environmental issues, the responses of the students were sorted into a few categories: “No 

difference”, “Very general feedback”, “Only factual feedback”, “Show higher-order 

thinking”, and “Change in attitude or behavior”. The response of students in the control 

and treatment groups were similar in most categories except for “Change in attitude or 
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behavior” (Figure 10). Compared with the control group, a higher proportion of students 

in the treatment group described their change in attitude or behavior towards the 

environment. Some were inspired by their gardening experience. One said, “I realized 

that it is not easy to keep plants alive, and I admire their vitality.” Some felt more 

connected with nature. For example, one wrote, “With planting, I became closer to plants 

and nature. At least they don’t seem to be ‘none of my business’ anymore.” Some could 

even make a connection between the gardening experience and the environmental issues. 

One made a remarkable reflection, “I found that global warming is becoming more and 

more serious because of humans releasing a lot of carbon footprints from every action 

they take in their daily lives. Gardening can be conducted in a low-carbon way too, as we 

can choose how to plant our plants.” 

 

Figure 10. Response of the students in the understanding of environmental issues in the 
control (N=33) and treatment group (N=33). 
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Regarding the engagement scores, students in the control group were not highly 

engaged when watching the videos and joining the discussion about environmental 

issues. They scored the lowest among all other components in the plant science unit. Only 

a few students gave responses, while most of them were not quite willing to share their 

views. Silent astonishment was observed among a few students occasionally. 

Furthermore, they were not able to make a connection between the environmental issue 

and the plant science concepts that they were learning. They regarded environmental 

issues as an independent topic. In the treatment group, the observation field notes were 

taken during the practical only as the workshops went online. The engagement score of 

the hands-on experience in the practical was almost double the average engaging score in 

the control group. They looked engaged and showed great care in the process of 

manipulating plants such as transplanting. Most of them looked absorbed and exhibited 

curiosity and interest when making observations in the garden. However, a few of them 

looked afraid or even screamed if the required task involved touching the soil. One 

complained, “Yuck! I’m afraid of insects!” The intensity of these negative reactions was 

slightly alleviated in the second visit to the garden. 
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CLAIM, EVIDENCE AND REASONING 

The results of the study will be discussed through the claim, evidence, and 

reasoning (CER) in the following session. Then, I will share the values of this action 

research and its impact on me. 

Claims From the Study 

Effect of Garden-Based Learning on Academic 
Achievement (Plant Literacy) 

It may not be valid to suggest that garden-based learning boosted academic 

achievement in this study due to a few limitations. The gardening program needed more 

modifications if it was to improve academic performance. Statistical results showed that 

there was a significant increase in the test scores and self-efficacy in the treatment group, 

but its improvement was not as high as that in the control group. The student interview 

revealed that students in both the control and treatment groups had similar self-efficacy 

towards learning plant science. Both groups reported accurately what they have learned 

in their journals, but the journal entries of the treatment group consisted of more higher 

order thinking. One reason to explain why the academic performance of the treatment 

was not as high as expected was due to the nature of the learning format. Students in the 

treatment group pointed out that they did not expect to learn so much plant science 

knowledge in an extracurricular activity. Also, the workshops of the gardening program 

could only be conducted online through video meetings in Zoom. Students found that 

they could not stay focused as in normal face-to-face lessons. They were not asked to 

take notes to help them capture what they learned as in the control group. This suggested 
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that because the treatment group was outside a normal lesson setting, the learning of plant 

science content in this group may have been hindered. Furthermore, the gardening 

program covered a wider range of plant science topics than the control group. The 

students requested that the content be trimmed to help them master the knowledge more 

easily. These may explain why the study could not truly reflect the effect of garden-based 

learning on academic achievement from the statistical results. 

Though it was inconclusive to claim that garden-based learning improved 

academic achievement from the statistical results, the gardening experience promoted the 

learning of plant science in different ways. Garden-based learning catered to a wider 

spectrum of learning styles and hands-on experience. This was especially helpful to 

students with medium or low grades who appeared less confident. While the instructional 

methods did not matter to the higher achievers who were mostly auditory learners, the 

lower achievers in both the control and treatment group relied more on realistic 

experiences as they often mentioned in the interviews that it helped them to learn. This 

implied that “learning by doing and experiencing” (Dewey, 1938) was crucial to some 

students. Also, this study showed that the hands-on gardening work fit the visual, tactual, 

and kinesthetic learners (Dunn and Dunn, 1992) and learners with different intelligence, 

such as naturalist and bodily-kinesthetic learners (Gardner, 1999). Garden-based learning 

provides opportunities for learners to learn more completely, as it was geared towards a 

wider range of learners with different learning styles.   

Apart from catering to different learning styles and intelligence, garden-based 

learning accommodated learners who favor emotional stimuli. Students in the treatment 
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group exhibited a higher intensity of positive feelings from the interviews and 

observation field notes. They found excitement in exploring the garden and astonishment 

when discovering a new understanding of plants from observing them. One student 

shared this in her third journal entry of journal, “Garden-visiting (the practical) is still the 

most exciting part for me, as seeing new things is always more interesting than learning 

new things from the textbook.” Lai (2006) pointed out that fieldwork highly encouraged 

effective learning and emotionally engaged learners. As seen from the above evidence, 

the gardening experience created a similar effect as fieldwork. Greenhalgh (1994) argued 

that emotions played a vital role in the development of learning. Therefore garden-based 

learning facilitated the learning of plant science through emotional engagement.  

Besides emotional engagement, garden-based learning also increased the 

motivation in learning plant science. Students were therefore more willing to acquire 

plant knowledge. Students expressed that they were more engaged as garden-based 

learning offered more chances to participate than traditional lessons. Students in the 

treatment group were attracted to the growth of plants at first, but they turned their focus 

to acquiring knowledge later for taking better care of their plants. Instead of being 

motivated by extrinsic factors such as examination, students in the treatment group 

regarded planting as their goal to be achieved and were eager to learn the biological 

principles relevant to planting. One student also mentioned in his journal, “When I see 

any problems on my plant, I start thinking about what I can do in a biological way rather 

than a random method from the 5-minute craft.” This revealed that students were not just 

motivated by curiosity, and took it for fun, but their mindset in nurturing plants had 
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changed and they became more willing to understand plant science. The review of 

various garden-based learning programs conducted by Williams and Dixon (2013) also 

showed that garden-based learning enhanced motivation in learning plant science.  

In addition, garden-based learning aided retention of knowledge. Instead of 

relying on the teacher’s instruction, the new findings recorded in student reflective 

journals often came from their observations. Their observation even reinforced what was 

taught in the textbook. This indicated that the hands-on experience left a deeper 

impression on students. Constructivism suggested that knowledge is constructed when we 

interact with the environment (Piaget, 1977; Vygotsky, 1978; Rorty, 1991; 

vonGlasersfeld, 1989). Students often encountered new observations from their 

gardening experience, and this created a cognitive conflict or puzzlement that led to a 

shift in cognition. Hence, garden-based learning could facilitate the recalling of facts and 

mastery of knowledge as suggested by Priscilla Logan (Sealy, 2001). This could be 

especially helpful for the lower achievers whose memory is not as good as the higher 

achievers. 

Furthermore, garden-based learning may promote higher-order thinking and 

enhance plant literacy through observation. Students in the treatment group exhibited 

more higher-order thinking than those in the control group as gardening offered 

opportunities to apply the plant science knowledge in the real-life, making it more 

transferrable. Also, students in the treatment group recorded many new findings of plants 

from their observation. They acquired more knowledge that is outside the textbook while 

the learning of plant science in the control group was confined by the textbook. This 
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provided evidence that gardening experience could enhance plant literacy. However, 

these findings were seldom mentioned in the literature related to garden-based learning. 

More study is needed to come up with a sound conclusion. 

Effect of Garden-Based Learning on the Attitude in 
Learning Plant Science 

Overall, garden-based learning had a positive influence on the attitude in learning 

plant science. No significant improvement in the attitude in learning plant science was 

detected after the treatment. Also, the attitude in learning plant science between the 

control and treatment groups was the same from the statistical analysis. It might be 

explained by the initial higher level of commitment and proactiveness towards learning 

plant science among the students in the treatment group as they signed up for the program 

voluntarily and their interest in plant science was higher in general. However, the ranking 

of plant science among different biology topics in the treatment group shifted higher than 

that in the control group. This indicated that garden-based learning may stimulate 

students’ commitment towards learning plant science more than the traditional 

instructional method. 

Garden-based learning enhanced student engagement in learning plant science. 

Among the different components in the plant science unit, learning new knowledge was 

the most engaging one in the control group. However, students in the treatment group 

found that hands-on experience was more engaging than knowledge. The engagement 

score of hands-on experience recorded in the observation field notes was always higher 

than other components such as note-taking, in-class exercise, and watching videos in both 

the control and treatment groups. This illustrated that hands-on experience such as 
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gardening and the practical were an essential element in engaging students in learning 

plant science. Walking around and making observations in the garden made learning      

plant science more interesting for the students when compared with direct teaching. It 

was well-supported by their reactions and reflections and documented in the qualitative 

data. Also, the hands-on experience in planting was stimulating as it was new to the 

students and allowed students to manipulate the objects, thereby increasing the students’ 

engagement. The socio-ecological model from Moore and Young (1978) supports that the 

freedom to explore in the garden was often more attractive than being confined in an 

indoor setting, resulting in higher engagement in learning. The review of school 

gardening programs by Lieberman and Hoody (1998) also documented that school 

gardens created a positive learning environment and increased enthusiasm for learning. It 

was consistent with the findings in this action research.  

Apart from interest and engagement, achievement in planting caused a positive 

impact on students’ attitudes in learning plant science. Students in the treatment group 

often mentioned that they gained more from witnessing the plant growth under their care. 

And, they noticed that they developed a greater sense of ownership and responsibility in 

taking care of the plants. Lieberman and Hoody (1998) also described that greater pride 

and ownership of accomplishments were observed in garden-based learning programs. 

Lieberman and Hoody (1998) also described that greater pride and ownership of 

accomplishments were observed in garden-based learning programs.  
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Effect of Garden-Based Learning on the Environmental 
Attitude 

Garden-based learning elicited a positive change in students’ environmental 

attitudes. Although the control and treatment groups had no significant difference in the 

environmental attitude, the attitude towards the environment of the treatment group 

improved significantly as shown from the statistical analysis. In addition, evidence from 

the qualitative data supported that the environmental attitude of the treatment group was 

higher than that of the control group after the learning program. Many students in the 

control group could not recall the environmental issues after a week. It revealed that the 

retention of environmental knowledge lasted longer in the students of the treatment 

group. More positive feelings towards the environment were documented in the treatment 

group, while more students in the control group remained neutral. More students in the 

treatment group indicated that they became more aware of the environment and could 

even name their specific behavioral changes to protect the environment. The engagement 

score of the treatment group during the practical was far higher than that of the control 

group during the discussion of environmental issues in class. To sum up, garden-based 

learning promoted the environmental attitude better than traditional instructional 

methods. 

Gardening experience and the practical elements contributed a lot to enhancement 

of the environmental attitude in the treatment group. Gardening fostered the transfer of 

abstract knowledge to real-life experience. For example, students began to appreciate 

food and reduce food waste when they found that it was not easy to plant one from their 

gardening experience. Students tried to reduce the carbon footprint in gardening as high 
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carbon emission harms other plants outside. Hence, greater passion towards the 

environment emerged among the students in the treatment group. It proved that fieldwork 

effectively promoted real-life learning and aided the development of environmental 

values (Lai, 2006). Apart from the gardening experience, games were employed in the 

treatment group to help the understanding of environmental issues. Its effect was far 

better than using videos in the control group, as students thought games were more 

engaging and related to daily life. Hence, reflective learning activities such as games also 

engage students through the affective domain (feelings, attitudes, and emotions). They 

felt more connected to nature and thought that the gardening experience brought them 

closer to nature. Through gardening, environmental sensitivity, which was an entry-level 

variable suggested in the Environmental Behavior Model of Hungerford and Volk (1990), 

was enhanced. In addition, a sense of responsibility to the environment was developed. 

This sense of ownership came from personal investment in gardening (Hungerford and 

Volk, 1990).  

Garden-based learning designed with environmental education components from 

the literature was more effective in motivating behavior changes. “Laziness hindered our 

motivation in doing a better job for the environment,” as said by a student in the control 

group. The teacher’s instructions alone were not strong enough to push students for a 

behavioral change, but the gardening experience successfully made students more willing 

to take action. The behavioral changes in the treatment group were not limited to what 

was mentioned in the lesson like the control group. Instead, their actions were more 

diverse and creative. The plant science unit in the control group only consisted of 



61 
 
education about the environment in the three-fold environmental education approaches 

proposed by Tilbury (1995). The gardening program for the treatment group did not only 

educate students about the environment but also in and for the environment. A complete 

environmental education approach strengthened the effect of garden-based learning on 

the environmental attitude. The gardening program also adopted the experience-based 

strategies proposed by Ballantyne and Packer (2006). Its five key elements provided an 

excellent framework for designing the program, making garden-based learning more 

effective in developing environment values.  

Despite the numerous benefits of garden-based learning in enhancing the 

environmental attitude, some students were probably be deterred by the fear of close 

contact with nature such as touching insects. The negative feelings were alleviated with 

the increased exposure to nature and time spent in the garden. Two students used to 

scream whenever they saw insects in the garden. They told me they changed when I 

showed them the organisms in the garden during the last practical. “I think I feel less 

afraid of insects after this gardening program.” This indicated that students needed time 

to adapt to nature. However, this garden-based learning program consisted of only three 

20-minute practical sessions in the garden. Time was crucial to garden-based learning in 

order to produce a positive influence on students. 

With the opportunities for students to become activists in environmental 

protection, garden-based learning may boost their environmental attitude to a higher 

level. Apart from the passive and active engagement in the gardening program, student 

involvement, the third tier of engagement (Wolsey & Lapp, 2014), was included in the 
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gardening program. Student involvement meant that students worked on a project and 

contributed to the environment at the school or community level. An exhibition was held 

to share students’ outcomes in the gardening program. It was launched after the data 

collection was completed. 28 out of 33 students in the treatment group joined the 

preparation of the exhibition voluntarily. They enjoyed making videos and 3D visual 

displays to introduce plants and spread green messages in school. Their products were of 

high quality, reflecting that they had a good mastery of plant science knowledge and 

understanding of environmental issues. On the open day of the garden, all of them came 

to lead guided tours in the garden or help at the reception counter. Students’ active 

participation and satisfactory performance in the exhibition could also illustrate how the 

gardening program has further intensified their environmental attitudes. Hungerford and 

Volk (1990) suggested that the empowerment variables could bring better environmental 

education results. The exhibition acted as an empowerment variable that further 

encouraged the growth of environmental attitude. 

Value of the Study and Consideration for Future Research 

The effect of garden-based learning on academic achievement was hindered by 

several factors such as the online teaching mode in the treatment group, hence, 

improvement could not be reflected from the test score or survey on self-efficacy. Yet, 

the gardening experience helped students with medium or low grades to learn by doing 

and experiencing as they relied more on visual, tactual, and kinesthetic stimulations. 

Garden-based learning catered to a wider range of learning styles.  
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Garden-based learning had a few more benefits on improving plant literacy. 

Garden-based learning strengthened students’ impression of plant science knowledge 

through realistic hands-on experience. It also promoted students’ motivation in learning, 

as gardening enabled them to participate more, and learning plant science helped them to 

accomplish the planting task more successfully. Furthermore, garden-based learning 

enhanced plant literacy and fostered higher-order thinking. Lastly, the gardening 

experience often triggered stronger positive emotions in students, therefore garden-based 

learning promoted affective learning. 

Though the statistical results did not support an attitude change towards learning 

plant science in the treatment group, plant science was ranked higher among other 

biology topics. The change in the attitude of learning plant science may largely be due to 

the gardening experience. Garden-based learning gave students a greater sense of 

accomplishment, ownership, and responsibility, and students were more motivated to 

learn. Garden-based learning increased the students’ interest and engagement through 

realistic hands-on experience. A few students could have been deterred by unappealing      

components such as insects, but the negative feelings likely faded with increased time 

spent in the garden. Students used to think plant science is not interesting. Garden-based 

learning brought students closer to plants and helped them become familiar with the 

subject that they needed to learn. This increased students’ motivation in learning plant 

science. 

Garden-based learning can help promote environmental education in school. The 

environmental attitude of the treatment group was significantly higher than that before 
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the gardening program. Students in the treatment group were more emotionally connected 

with the environment and exhibited a higher awareness and engagement towards the 

environment. More behavioral changes for the environment were also recorded. The 

gardening experience was the key factor that promoted the environmental attitude. 

Through real-life experience, garden-based learning developed deeper feelings towards 

the environment in students and enhanced their understanding of the environmental 

issues. Garden-based learning helped create a bridge to nature physically and 

emotionally, and students developed a greater sense of responsibility in protecting the 

environment and were more willing to become environmentally friendly. The 

government or schools in Hong Kong may consider introducing the gardening program, 

to help develop positive environmental attitudes at an early stage. The gardening program 

in this action research study may serve as a template or reference in developing a school-

based garden and plant science learning program in Hong Kong. In addition to the 

conventional environmental education programs which only educated about the 

environment, this gardening program educated students in and for the environment. This 

may facilitate the implementation of gardening practices and better utilize green spaces in 

schools. 

The treatment group was an extracurricular activity. Modification is needed if 

teachers would like to incorporate it into biology classes for teaching plant science. The 

traditional instructional method has merits in guaranteeing academic achievement in 

learning plant science. Face-to-face lessons in the control group were more effective than 

the online workshops in the treatment group. Normal lessons promoted a more serious 
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learning atmosphere than workshops in extracurricular activities. Note-taking or drawing 

also assisted some students to learn plant science, so missing these elements may weaken 

the mastery of knowledge in the treatment group. The effect of garden-based learning 

might be elevated to conduct in an in-personal mode on normal biology lessons with the 

note-taking part. However, the realistic hands-on experience from garden-based learning 

effectively improved plant literacy and attitude in learning plant science, which the 

traditional instructional method could not have achieved. Therefore, it is highly 

recommended to incorporate garden-based learning in teaching plant science. 

The hands-on experience was offered through home gardening and practical   

assignments in the gardening program. Home gardening allowed students to take care of 

their plants conveniently and to build a close relationship with them. Yet, some students 

encountered frustration as the environmental condition of their home was not suitable for 

planting, for example, the daylight was not strong enough. Three students could not keep 

their plants alive. Though they did not drop out of the program, they reported that they 

felt disengaged when I checked their learning progress. Also, pests appeared, and their 

parents complained about it. Perhaps students will only be required to take one plant 

home and leave others at school to minimize the problems mentioned above. The plants 

chosen facilitated the learning of different plant science knowledge such as cutting, 

vegetative propagation, and the process of flowering to fruiting. However, cherry radish 

and okra appeared to not grow very well at home. It might be more appropriate to grow 

them plants in the school garden. The practical assignment was another highlight that 

students enjoyed a lot. These allowed students to make observations and manipulate the 
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plants. More group work could be incorporated to promote social interactions. However, 

the practical assignment was time-consuming. Teachers may not have enough lesson time 

to let students immerse and learn in the garden. Teachers may consider using recess time 

or after-school time so that students could stay longer in the garden and be more familiar 

with nature. The location of gardening, type of plants, design of the practical 

assignments, and the time constraints have to be taken into account more carefully when 

teachers plan to start such a garden-based learning program in the future. 

Apart from the COVID-19 situation, I encountered some difficulties in the 

development of the gardening program. First, lacking comprehensive local resources 

placed a hurdle in building the garden-based learning program. Tremendous effort was 

invested to construct a plant science gardening program from various web resources. I 

even signed up for a 2-month online organic gardening program from an overseas 

university to gain inspiration in developing the gardening program for my action research 

study. Second, biology teachers were not well-trained for gardening. Local green groups 

such as the Hong Kong Organic Resource Centre and Produce Green Foundation aim at 

promoting gardening at school. They were instrumental in offering more gardening 

resources or training to school teachers. The post-graduate diploma for biology teachers 

could also provide more exposure and experience in gardening in order to prepare      

teachers to use garden-based learning in teaching plant science. Third, many schools in 

Hong Kong have not established a garden for teaching plant science or gardening. I spent 

about one year constructing the school garden for my action research study. It was not 

easy to gain permission and funding from the school authority. School support is crucial 



67 
 
to the establishment of a garden. Considering the benefits of garden-based learning, I 

hope schools will pay more attention to gardening and make a garden an important 

education tool in the school. 

The gardening program still needs to be optimized. Compared with gardening 

work such as watering, inquiry-based activities such as soil tests provoked more active 

learning and higher engagement. Also, students may benefit more from a more organized 

inquiry-based activity. For instance, students were asked to record the plant growth in 

this gardening program. This task could be expanded into an investigation into different 

factors that affect plant growth, making the garden visit more interesting and inquiry-

based. The development of inquiry-based garden-based learning could be subjected to 

further study. 

Last but not least, authentic learning such as garden-based learning generally does 

not receive much attention in an exam-orientated city like Hong Kong. However, STEM 

education is becoming more popular these years. Collaborating with STEM education 

might be an opportunity to promote garden-based learning in school. Students may learn 

to set up sensors for measuring environmental factors while learning plant science 

through gardening at the same time. I would like to investigate the possibility and effect 

of incorporating STEM elements in gardening in the future. 

Impact of Action Research on the Author 

I am grateful that this action research provided an opportunity for me to make my 

dream come true in my school. I have longed to build a school garden and to let students 

explore nature in it. This action research motivated me to put it into action. In preparation 
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of the garden-based learning program, I went through several plant science reference 

books. I gained a deeper understanding of plant science. I believe that this improved my 

proficiency in teaching plant science. Since I realized that my gardening experience is not 

strong enough, I took an extra course about organic gardening. It equipped me with 

extensive gardening knowledge, and I gained confidence in teaching gardening. 

Before designing the garden-based learning program, a literature review was 

conducted to construct the conceptual framework. It helped me build a gardening 

program that was well-supported by the evidence and theories from research. I learned to 

use qualitative and quantitative measures to collect feedback. After the data analysis, I 

was pleasantly surprised to find that the results were different from my first impression. I 

will keep this good practice for formulating and evaluating new teaching pedagogy in the 

future.  

Most importantly, I can see that my students benefited a lot from the gardening 

program. It was rewarding when you can witness your students becoming more interested 

in plants and aware of environmental issues. I was proud to present an enjoyable plant 

science program to my students. I will modify and apply it in my biology classes. Though 

it was tough to complete the action research during the pandemic, it energized me and 

encouraged me to keep looking for better learning strategies for students.   
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YOUR PARTICIPATION IN THIS STUDY IS COMPLETELY VOLUNTARY AND 
WILL NOT AFFECT YOUR STUDENT’S GRADE IN ANY WAY. 
 
Questions:  
1. Which of the following conditions are necessary for seed germination? (You may 

choose more than one answer.) 
 Water 
 Soil 
 Light 
 Oxygen 
 Warmth 

 
2.  Which of the following descriptions about the function of the flower parts is 

CORRECT? 
 The function of anther is to catch the pollen grains. 
 The function of petal is to produce nectar. 
 The function of ovary is to protect the seeds by developing into the fruit wall. 
 The function of stigma is to produce female gametes. 

 
3. Which of the following features does NOT belong to insect-pollinated flowers? 

(You may choose more than one answer.) 
 Anther and stigma enclosed inside the flower 
 Feathery stigma 
 Large petals 
 Petals that are dull in color 

 
4. The photo below shows the seeds and fruit of a plant. How are these seeds being 

dispersed? (You may choose more than one answer.) 
 By explosion 
 By water 
 By wind 
 Eaten by animals 
 Carried on animal’s fur 

 
5. State the conditions necessary for photosynthesis to take place. 
 __________________________________________________________________ 
 
6. The events in the plant life cycle are listed as below: 

Seed germination >> plant growth >> flowering >> pollination >> (?) >> 
Formation of seeds inside fruit >> Seed dispersal 
What is the missing step? 

 __________________________________________________________________ 
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7. Strawberry runners and potato tubers are examples of the asexual reproduction of 

plants. Give TWO other examples of plants that can reproduce asexually in your 

daily life. 

 __________________________________________________________________ 
 

8. How can you distinguish the pollen grains of the wind-pollinated flowers from 

that of the insect-pollinated flowers? Suggest ONE way. 

 __________________________________________________________________ 
 

9. Suggest ONE reason why gardeners or farmers may prefer growing plants by 

asexual reproduction instead of sexual reproduction. 

 __________________________________________________________________ 
 

10. An ecosphere is a close system containing water plants and shrimp. Explain why 

shrimp could stay alive in the ecosphere. 

 __________________________________________________________________ 
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PRE- & POST-SURVEY FOR SELF-EFFICACY IN LEARNING PLANT SCIENCE 
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YOUR PARTICIPATION IN THIS STUDY IS COMPLETELY VOLUNTARY AND 
WILL NOT AFFECT YOUR STUDENT’S GRADE IN ANY WAY. 
 
Questions:  
I am confident in…… 
  Strongly 

disagree 
Disagree Neutral Agree 

Strongly 

agree 

1. Recalling the structure of a flower. 1 2 3 4 5 

2. Recalling the needs in germination. 1 2 3 4 5 

3. Distinguishing the difference between sexual and 

asexual reproduction of plants. 
1 2 3 4 5 

4. Explaining the process of pollination and 

fertilization in plants to produce fruit. 
1 2 3 4 5 

5. Explaining how a plant produces food and uses 

energy. 
1 2 3 4 5 

6. Writing a summary of the main points after 

reading an article about plant science. 
1 2 3 4 5 

7. Understanding the basic concepts taught in this 

plant science course. 
1 2 3 4 5 

8. Understanding the most complex material 

presented by the instructor in this plant science 

course. 

1 2 3 4 5 

9. Performing well in this plant science course. 1 2 3 4 5 

10. Doing an excellent job on the assignments or 

tests in this plant science course. 
1 2 3 4 5 

Note: Questions 1-6 = Task related; Questions 7-10 = In general 
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PRE- & POST-SURVEY FOR ATTITUE IN LEARNING PLANT SCIENCE 
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YOUR PARTICIPATION IN THIS STUDY IS COMPLETELY VOLUNTARY AND 
WILL NOT AFFECT YOUR STUDENT’S GRADE IN ANY WAY. 

Questions:  
  Strongly 

disagree 
Disagree Neutral Agree 

Strongly 

agree 

1. I think plant science is interesting. 1 2 3 4 5 

2. I am NOT curious in knowing more about plants. 

(R) 
1 2 3 4 5 

3. Plant science is NOT as interesting as other areas 

of Biology. (R) 
1 2 3 4 5 

4. I wish we had more time to learn plant science. 1 2 3 4 5 

5. I seldom lose my concentration in learning plant 

science. 
1 2 3 4 5 

6. I enjoy learning plant science. 1 2 3 4 5 

7. Plant science is too difficult to understand. (R) 1 2 3 4 5 

8. I am NOT willing to put effort into learning plant 

science. (R) 
1 2 3 4 5 

9. I am amazed by the achievements of plant 

science. 
1 2 3 4 5 

10. We should learn more about the importance of 

plants in school. 
1 2 3 4 5 

11. Learning plant science is a waste of time. (R) 1 2 3 4 5 

12. Plant science is NOT relevant to my daily life. 

(R) 
1 2 3 4 5 

13. I am delighted when I learn new things about 

plants. 
1 2 3 4 5 

14. Plant science makes me feel uncomfortable and 

impatient. (R) 
1 2 3 4 5 

15. I approach plant science with a feeling of 

hesitation. (R) 
1 2 3 4 5 
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16. In general, I have a good feeling towards plant 

science. 
1 2 3 4 5 

Note: Questions 1-4 = Intrinsic motivation; Questions 5-8 = Engagement;  
Questions 9-12 = Task value; Questions 13-16 = Emotional experience;  
R = Reverse-scored 
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PRE- & POST-SURVEY FOR ENVIRONMENTAL ATTITUDE 
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YOUR PARTICIPATION IN THIS STUDY IS COMPLETELY VOLUNTARY AND 
WILL NOT AFFECT YOUR STUDENT’S GRADE IN ANY WAY. 

Questions:  
  Strongly 

disagree 
Disagree Neutral Agree 

Strongly 

agree 

1. I would rather spend my weekend in the city than 

in wilderness areas. (R) 
1 2 3 4 5 

2. I enjoy spending time in natural settings just for 

the sake of being out in nature. 
1 2 3 4 5 

3. I have a sense of well-being in the silence of 

nature. 
1 2 3 4 5 

4. I find it more interesting in a shopping mall than 

out in the forest looking at trees and birds. (R) 
1 2 3 4 5 

5. I think spending time in nature is boring. (R) 1 2 3 4 5 

6. If things continue on their present course, we will 

soon experience a major ecological catastrophe. 
1 2 3 4 5 

7. The earth is like a spaceship with very limited 

room and resources. 
1 2 3 4 5 

8. Humans are severely abusing the environment. 1 2 3 4 5 

9. The idea that the balance of nature is terribly 

delicate and easily upset is much too pessimistic. 

(R) 

1 2 3 4 5 

10. People who say that the unrelenting exploitation 

of nature has driven us to the brink of ecological 

collapse are wrong. (R) 

1 2 3 4 5 

11. It’s fine to discard the food leftover in my 

lunchbox.  
1 2 3 4 5 

12. I always separate waste materials at my house for 

recycling. 
1 2 3 4 5 

13. In my daily life, I try to find ways to reduce food 

waste. 
1 2 3 4 5 



87 
 
14. Whenever possible, I try to save natural 

resources. 
1 2 3 4 5 

15. Even if public transportation was more efficient 

than it is, I would prefer to take a ride in a private 

car. 

1 2 3 4 5 

16. The idea that nature is valuable for its own sake 

is naive and wrong. (R)  
1 2 3 4 5 

17. One of the worst things about overpopulation is 

that many natural areas are getting destroyed. 
1 2 3 4 5 

18. I do not believe adopting a low-carbon lifestyle 

is an important issue. (R) 
1 2 3 4 5 

19. Despite our special abilities, humans are still 

subject to the laws of nature. 
1 2 3 4 5 

20. It makes me sad to see forests cleared for 

agriculture. (R) 
1 2 3 4 5 

21. The worst thing about the loss of the rain forest 

is that it will restrict the development of new 

medicines. 

1 2 3 4 5 

22. Nature is important because of what it can 

contribute to the pleasure and welfare of humans. 
1 2 3 4 5 

23. We should protect the environment for the well-

being of plants and animals rather than for the 

welfare of humans. (R) 

1 2 3 4 5 

24. Conservation is important even if it lowers 

peoples’ standard of living. (R) 
1 2 3 4 5 

25. We need to keep rivers and lakes clean in order 

to protect the environment, and NOT as places 

for people to enjoy water sports. (R) 

1 2 3 4 5 
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26. The idea that natural areas should be maintained 

exactly as they are is silly, wasteful, and wrong.  
1 2 3 4 5 

27. I’d prefer a garden that is wild and natural to a 

well-groomed and ordered one. (R) 
1 2 3 4 5 

28. When nature is uncomfortable and inconvenient 

for humans we have every right to change and 

remake it to suit ourselves. 

1 2 3 4 5 

29. Turning new unused land over to cultivation and 

agricultural development is positive and should 

be supported. 

1 2 3 4 5 

30. I oppose any removal of wilderness areas no 

matter how economically beneficial their 

development may be. (R) 

1 2 3 4 5 

31. Human beings were created or evolved to 

dominate the rest of nature. 
1 2 3 4 5 

32. Plants and animals exist primarily to be used by 

humans. 
1 2 3 4 5 

33. Humans are as much a part of the ecosystem as 

other animals. (R) 
1 2 3 4 5 

34. Nature in all its forms and manifestations should 

be controlled by humans. 
1 2 3 4 5 

35. Humans are no more important than any other 

species. (R) 
1 2 3 4 5 

36. Humans do NOT have the right to damage the 

environment just to get greater economic growth. 

(R) 

1 2 3 4 5 

37. People have been giving far too little attention to 

how human progress has been damaging the 

environment. (R) 

1 2 3 4 5 
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38. Protecting the environment is more important 

than protecting peoples’ jobs. (R) 
1 2 3 4 5 

39. The question of the environment is secondary to 

economic growth. 
1 2 3 4 5 

40. The benefits of modern consumer products are 

more important than the pollution that results 

from their production and use. 

1 2 3 4 5 

Note: 

Preservation of the environment 

1. Enjoyment of nature (Questions 1-5) 

6. Environmental threat (Questions 6-10) 

8. Personal conservation behavior (Questions 11-15) 

11. Ecocentric concern (Questions 16-20) 

Utilization of the environment 

4. Conservation motivated by anthropocentric concern (Questions 21-25) 

7. Altering nature (Questions 26-30) 

9. Human dominance over nature (Questions 31-35) 

10. Human utilization of nature (Questions 36-40) 

R = Reverse-scored 
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