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Abstract

Genuine botany education extends beyond the four walls of the classroom, requiring students to apply
learned knowledge and skills to real-life contexts. However, limited attention has been given by the Botany
instructors to the application of botanical concepts in gardening activities. Thus, this study examined how the
Central Philippine University (CPU) BS Biology students connect their classroom learning in Botany to
botanical gardening practices. The current study is grounded in constructionism, where students actively build
knowledge of plant growth by integrating lecture concepts with hands-on experiences in the botanical garden. It
is further supported by experiential learning theories of David A. Kolb and John Dewey, emphasizing that
learning develops through experience, reflection, and interaction with the environment. The present study
employed an interpretative phenomenological analysis (IPA) design. Twenty students were randomly selected as
participants, and data were collected through a qualitative survey using validated guide questions. Instrument
validation was conducted through peer and parallel evaluation, and the data were analyzed using thematic
analysis. Findings revealed that students acquired key concepts from general Botany, including molecular and
cellular processes, plant physiology, reproduction and genetics, development, environmental interactions,
evolution, and plant’ uses. These concepts guided them in maintaining plant growth and health through proper
identification of plant needs and understanding of physiological processes. Students also developed practical
skills such as taxonomy, plant maintenance, resource management, landscaping, social interaction, use of
gardening tools, laboratory reporting, and soil preparation. These skills were applied in assessing plant
conditions, controlling diseases, creating suitable environments, and monitoring plant growth. Students were
able to revive plant health through consistent monitoring, pest management, application of farm technology, and
reinforcement of physiological knowledge. Their experiences evoked both positive and negative emotions during
plant deterioration. In this light, the participation in botanical gardening fostered positive attitudes toward plant
care, environmental awareness, and collaboration. The study concludes that integrating botanical gardening into
the Botany curriculum is highly recommended.
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Introduction

Science education does only occur within the four walls of the classroom and laboratory buildings.
There are pieces of scientific information which can be found beyond the four corners of the educational
institutions. Principles and concepts taught via the lecture and discussion which are mainly derived from the
books will be easily gone by the wind unless supported by the scientific practices which are properly
experienced by the learners. Proper scientific knowledge can be acquired once experienced by the students
personally in proper context and perspective. In Botany, one of the best ways to introduce experiential learning is
through maximum students’ engagement in botanical gardening.

A botanical garden refers to the garden with a documented collection of living plants for the purpose of
scientific research, conservation, display, and education. This type of garden is mostly found in the different
universities and scientific organizations around the world. Botanical gardens are commonly run and managed by
universities or other scientific research organizations, and often have associated herbaria and research programs
in plant taxonomy or some other aspect of botanical science because this is associated with the scientific
education and various research endeavors related to botanical studies. In principle, the role of the staff of the
botanical garden is to maintain documented collections of living plants for the purposes of scientific research,
conservation, display, and education, although this will depend on the resources available and the special
interests pursued at each particular garden.

There have been various research activities related to urban botanical gardening. Most of the research
activities found that urban green areas and natural areas have therapeutic effects on human health (Bertram and
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Rehdanz, 2015; Coppel and Wiistemann, 2017). Interaction with green spaces is especially important for the
healthy development of children (Sachs et al., 2020). However, both natural areas and urban green areas are
under the threat of reduction and destruction. The United Nations underlines that urban residential areas will
spread about 1.5 million square kilometers on a global scale by 2030 and this will negatively affect the already-
limited green areas (Coppel and Wiistemann, 2017). While most of the studies on natural and urban green areas
are based on surveys and observations, there are still few experimental studies. Most of the studies on the
contributions of natural and cultural landscape are related to adults (Fleming et al., 2016; Gidlow et al., 2016;
Coppel and Wiistemann, 2017; Sarkar and Webster, 2017; Vujcic et al., 2017). The number of studies on
students is quite limited (Bogeng, 2021; Hodson and Sander, 2017). However, the natural environment and
landscape offer a learning space for students (Yilmaz, 2022). Students witness direct interaction of events and
phenomena with natural elements in nature (Koseoglu et al., 2021).

In the Philippines, almost all universities have botanical gardens. A botanical garden is one of the
requirements under the physical plants and facilities aspect for accreditation of various government and private
accrediting agencies. In spite of this requirement and popularity of the university botanical garden; few studies
on this area have been published recently like the works of Castillo et al. (2023a) and Castillo et al.
(2023Db). Castillo et al. (2023a) studied the seismic-induced landslide hazard analysis of the recreational area of
the Makiling Botanic Gardens, Los Bafios, Philippines while Castillo et al. (2023b) assessed the threatened
Philippine plants in the Makiling Botanic Gardens.

In Iloilo City, there are several existing universities with botanical gardens; however, no studies have
been published at the moment concerning any aspects of university botanical gardens. With this established
research gap, it is imperative to study the Central Philippine University Botanical Garden. Hence, the present
study would like to determine the connection of CPU BS Biology students’ learning from Botany lecture and
laboratory classes to botanical gardening to ensure the growth and development of their plants. Specifically, this
study aimed to 1.) identify key General Botany concepts that enhance understanding of plant growth and
development, 2.) determine how General Botany knowledge influences students’ approaches to maintaining
plant growth and health, 3.) describe practical skills acquired from General Botany laboratory sessions relevant
to plant management in a botanical garden, 4.) examine the application of laboratory-acquired skills in
maintaining plant health in the botanical garden, 5.) assess students’ emotional responses and coping strategies
when plants show signs of deterioration, 6.) identify strategies and interventions used to restore plant growth and
ensure survival, 7.) determine key lessons gained from engagement with the botanical garden and 8.) evaluate
how these lessons are applied to sustain long-term plant health and growth.

Research Methodology
Research Design

The current study utilized an interpretative phenomenological analysis (IPA) because this involves the
lived-experiences of the BS Biology students in the laboratory and botanical garden. This study tackled the
phenomena pertaining to the experiences of the BS Biology students in Botany laboratory class and botanical
gardening. According to Creswell and Poth (2016) and Creswell (2013), IPA approach will investigate the
experiences of human beings while suspending the researchers’ preconceived assumptions about the
phenomenon. The main objective and essence of the IPA approach in a qualitative research study are to explore
the ‘lived experiences’ of the research participants and allow them to narrate the research findings through these
‘lived experiences’ (Alase, 2017).

IPA allows for multiple individuals (participants) who have experienced similar events to tell their
stories without any distortions and/or prosecutions (Alase, 2017). This approach investigates how individuals
make sense of their experiences. It is assumed that people are “self-interpreting beings” which means that they
are actively engaged in interpreting the events, objects, and people. This design draws upon the fundamental
principles of phenomenology, hermeneutics, and idiography (Boadu, 2021).

The IPA approach assumes that people use a universal structure or essence to make sense of their
experience. In this type of design, the participants’ feelings, perceptions, and beliefs will be interpreted to clarify
the essence of the phenomenon under investigation. This design is essential to bracket whatever a priori
assumptions about the experience or phenomena to come up with the robust data for interpretation.

Epistemological and Theoretical Perspective

The epistemological stance of this study is anchored in constructionism. This view states that
knowledge is something learners actively build through engagement with real-world contexts and experiences
rather than simply receiving information (Creswell and Poth, 2016).). Within this framework, BS Biology
students construct their understanding of plant growth and development by integrating theoretical knowledge
from lectures with practical experiences in the botanical garden, allowing meaning to emerge through action and
reflection. This perspective is consistent with interpretative phenomenological analysis, which focuses on how
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individuals interpret and make sense of their lived experiences within specific social and environmental contexts
(Creswell, 2013). Consequently, knowledge in this study is understood as a co-constructed, context-sensitive
process shaped by learners’ interactions, prior understandings, and reflective practices in botanical gardening.

The theoretical framework of this study is anchored in experiential learning, emphasizing that
knowledge is developed through direct experience, reflection, and active engagement in real-world contexts.
First, David A. Kolb’s Experiential Learning Theory explains that learning occurs through a cyclical process
involving concrete experience, reflective observation, abstract conceptualization, and active experimentation,
which is evident as students apply botany concepts in the botanical garden and refine their understanding
through practice (Kolb, 2014). Second, John Dewey’s Theory of Experience highlights that meaningful learning
arises from the interaction between learners and their environment, where continuity and interaction shape
educational experiences, aligning with students’ hands-on engagement in plant cultivation and environmental
interaction (Dewey, 1986). Together, these theories support the idea that botanical gardening serves as a
dynamic learning environment where students integrate theory and practice, leading to deeper and more
sustained scientific understanding.

Research Locale
The study was conducted at Central Philippine University, Lopez Jaena Street, Jaro, Iloilo City,
Philippines. Central Philippine University is one of the largest universities in Panay Island, Philippines.

Participants of the Study

This study involved 20 BS Biology students. It was ensured that the participants should fit in the
following inclusion criteria: (1) have studied at CPU, (2) took botany class in school 2022-2023, (3) submitted
botany laboratory reports, and actively involved in the various activities in the botanical garden.

Purposive sampling was utilized in the selection of the participants. Purposive sampling refers to a
group of non-probability sampling techniques in which units are selected because they have characteristics that
the researcher needs in the sample (Bekele and Ago, 2022; Thomas, 2022).

Research Instrument

The researcher drafted the guide questions to be utilized in the actual survey. These guide questions
were used as a research instrument in the study. The guide questions were drafted in order to address the
objectives of the study. The contents of the guide questions were based on the works of Bacon et al., 2023; Faraji
and Karimi et al., 2022; Klimenko et al., 2022; and Ren et al., 2022.Eight questions were considered in this
study. The questions are given as follows.

1. What key concepts or principles did you learn from your General Botany lecture that you found
particularly useful in understanding plant growth and development?

2. In what specific ways has the knowledge gained from your General Botany lecture influenced your
approach to maintaining the growth and health of your plants? Please provide examples.

3. What practical skills did you acquire during your General Botany laboratory sessions that you believe
have been valuable in your engagement with plants, especially within the botanical garden setting?

4. How did you apply the significant skills you obtained from the General Botany laboratory to ensure
the good health of your plants in the botanical garden?

5. When faced with the prospect of your plants deteriorating in the botanical garden, what emotions or
concerns did you experience? How did you respond to these challenges?

6. Reflecting on occasions when your plants were struggling, what strategies or interventions did you
employ to revive their growth and to ensure their survival?

7. What important lessons have you gained from your engagement with the botanical garden?

8. Based on the important lessons you acquired during your botanical garden exposure, how did you
ensure that your plants would grow healthier over a longer period of time?

The drafted research instrument (guide questions) was validated using self-validation, colleague
validation, and parallel validation. In self-validation, the researcher reviewed the content thrice as to the
construction of the questions, grammar, spelling, and other technical aspects. For the colleague’s validation,
three experts scrutinized the instrument (2 Science Teachers and 1 English language expert). Their suggestions
were collated and incorporated for polishing the research instrument. Parallel validation was performed by
involving ten General Physiology (Plants and Animals) students.

Data Gathering Procedure

The data gathering procedures are divided into three parts: before the survey, during the survey, and
after the survey.

15



Journal of Biology, Agriculture and Healthcare www.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) %irl
Vol.16, No.2, 2026 NS'E

Before the survey proper, the researchers prepare the survey protocols and guide questions. In the
survey protocols, the researchers introduce themselves to the participants with courtesy and kindness. Prior to
survey proper the researchers explained the purpose and utilization of the data that were obtained from the
survey and the methods on how the research data will be protected with confidentiality through a cover letter and
informed consent. The things that should be done and the things that should be refrain from doing during the
survey were clearly put in the protocols (Josselson, 2013). All ethical aspects were laid down in the protocols.

As part of the protocol informed consent was provided to the participants. In the consent, it was
explained that the participation of the participants in the study is voluntary. Whatever pieces of information that
were gathered should be treated with utmost confidentiality as a compliant to Republic Act 10173 or also known
as “Data Privacy Act of 2012” (Republic of the Philippines, 2012).

The survey via messenger was done to gather the data needed to address the objectives of the study.
This was accomplished by using the guide questions. During the survey, the researcher/interviewer was expected
to adhere to the protocols described or agreed upon by the researchers and the participants as described above.
The survey was done individually among the participants to protect their identities and to respect their privacy
and the confidentiality of the data that was disclosed. While conducting the survey, the researchers practiced
epoch or bracketing techniques. This technique eliminated the judgment of the participants and set aside their
own experiences and/or assumptions regarding the phenomena involved in the survey. The researchers tried to
describe those experiences with a fresh perspective by treating those experiences as if for the first time (Stahl
and King, 2020).

After the conduct of the survey, the form was retrieved and the data were collated. After collation of the
data, these were analyzed using thematic analysis. Thematic analysis is a method for analyzing qualitative data
that involves reading through a set of data and looking for patterns in the meaning of the data to find themes
(Mortari, 2017; Mortari, 2019). Its detailed processes will be described in the data analysis part. Major themes
and sub themes will be generated after the analysis and they will be presented in diagram or concept map form.
The diagrams and concept maps are described in detail in the results part.

Upon finalizing the surveyed data, the findings of the study were shared to all participants of the study
in a process called member checking. Member checking is a qualitative technique used to establish the tenet of
credibility in trustworthiness (Candela, 2019). Credibility involves establishing the truth of the research study’s
findings to show that the findings are accurate and honest.

Data Analyses

The data taken from twenty participants using survey form were transcribed properly. The answers to
the guide questions were noted carefully. The written data were read by the researchers several times for
familiarization. Once the data were not understood, the authors clarified the participants’ answers via chat
messaging or video call through the participant’s messenger account. The details of the conversation were
strictly observed.

The written data were analyzed using thematic analysis. Thematic analysis is a method for analyzing
qualitative data that involves reading through a set of data and looking for patterns in the meaning of the data to
find themes (Nowell et al., 2017). It is an active process of reflexivity in which the researcher's subjective
experience is at the center of making sense of the data (Braun and Clarke, 2022).

To make the analysis more prolific and meaningful, six steps in the thematic analysis were strictly
followed. These steps include (1) familiarizing the data intensively, (2) generating the initial codes, (3)
searching for the themes, (4) reviewing the themes, (5) defining and naming the themes, and (6) producing the
report (Dawadi, 2020).

In the first step of the analysis, the researchers read and re-read the transcripts to make themselves
familiar with the collected data. The written extracts were examined meticulously (Dawadi, 2020; Maguire and
Delahunt, 2017).

In the second step, the researchers initially observed the pattern that captures something significant or
interesting about the data and/or research question. Coding was done by highlighting sections of the text —
usually phrases or sentences — and coming up with shorthand labels or “codes” to describe their content. In the
extracts, the researchers made highlights in various phrases in different colors corresponding to the different
codes. Each code described the idea expressed in this part of the text (Dawadi, 2020; Maguire and Delahunt,
2017).

In the third step, the researcher looked over the codes that were created, identified patterns among them,
and started coming up with themes. In this stage, since themes were generally broader than codes, the
researchers combined several codes into a single theme (Dawadi, 2020; Caulfield, 2022).

In the fourth stage, the preliminary themes made in step 3 were reviewed, modified, and developed to
make these themes more sensible. The researchers gathered together all the data that are relevant to each theme
(Dawadi, 2020; Caulfield, 2022).
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In the fifth step, the researchers named and defined each of them. Defining themes involves formulating
exactly what is meant by each theme and figuring out how it helps us understand the data while naming themes
involves coming up with a succinct and easily understandable name for each theme (Dawadi, 2020; Caulfield,
2022).

In the last step, the researchers made a manuscript for the themes defined and named. In this step, the
themes were elaborated for better understanding of the readers.

Ethical Considerations

The conduct of this study adheres to the major provisions on the rights of the students on data privacy
as stipulated in Republic Act 10173 or also known as the Data Privacy Act of 2012. Informed consent was given
to the respondents explaining that their participation is voluntary. The researchers discouraged the involvement
of any form of intimidation, threat or coercion. Any approval provided by a participant with sound mind and
decision, was considered as voluntary. In any case that the participants found the interview disconcerting, they
were given a freedom to skip the question or to withdraw from the research without any consequence such as
penalty or sanction. In the event that the participant wished to withdraw from the study given that the survey has
already finished, the information provided by him/her was not utilized as part of the research findings. There was
no monetary compensation or reimbursement provided for participating in this study. Participation in this study
did not involve any form of remuneration.

Results and Discussions

Concepts or Principles Learned by BS Biology Students from Botany Lecture

Findings of the study showed that the main concepts or principles that BS Biology students learned
from their general Botany lecture that are useful in understanding plant growth and development include
molecular and cellular processes, physiological processes, plant reproductive and genetic processes, plant
development, plant environmental, interaction and evolution, and uses of plants (Figure 1). The key concepts or
principles under the theme, “molecular and cellular processes are cell division, chemiosmosis, oxidation-
reduction reaction, and enzymatic reaction. The key concepts or principles under the theme, “physiological
processes” are composed of hormonal regulation, photosynthesis, respiration, and water and nutrient intake.
Under the theme, “plant reproductive and genetic processes” the key concepts or principles include the processes
of fertilization, genetic variability, and pollination.
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Figure 1. Key Concepts or Principles that BS Biology Students Learned from their General Botany Lecture that
are Useful in Understanding Plant Growth and Development.
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Figure 2. Ways how General Botany lecture influenced the students to maintain plants’ growth and health

As far as the theme, “plant development” the key concepts or principles learned by the BS Biology
students are composed of seed formation, germination, and life cycle. In terms of the theme, “plant
environmental interaction and evolution” the key concepts or principles learned by the students include plant
tropism, plant ecological relationships, plant-abiotic factor interaction, and evolutionary process. Finally, under
the theme, “uses of plants” students were able to learn lumber and medicine.

Influence of the Knowledge Gained from General Botany Lecture to the Approaches in Maintaining the
Growth and Health of their Plants

Results of the investigation (Figure 2) revealed that the specific ways on how the knowledge gained by
the BS Biology students from general Botany lecture have influenced their approaches to maintain their plants’
growth and health. There are two major themes generated which include proper identification of plant needs and
deep understanding of plant physiology (Figure 2). Under the theme, “proper identification of plant needs”, the
following sub-themes were generated such as where to place the plants, what type of soil to use, and how much
fertilizers and water to apply. For the theme, “deep understanding of plant physiology”, the following sub-
themes were identified such as seasonality of plants, disease diagnostics, water requirements, light requirements,
nutrient requirements, and hormonal regulations.

Practical Skills Acquired by BS Biology Students During Botany Laboratory Sessions

The BS Biology students were able to acquire the practical skills during the General Botany laboratory
sessions that have been valuable in their engagement with plants, particularly in the botanical garden setting.
These skills include skills in taxonomy, plant maintenance, management of resources, landscape designing,
socialization, proper use of gardening tools, laboratory reporting, and soil preparation and cultivation (Figure 3).
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Figure 3. Practical Skills Acquired by BS Biology Students from General Botany Laboratory Sessions Have
Been Valuable in their Engagement with Plants in the botanical garden setting.

Application of Botanical Skills for Ensuring Plant Health

Findings of the study depicted that the BS Biology students were able to apply their significant skills
obtained from General Botany laboratory to ensure the good health of their plants in the botanical garden in the
following aspects- assessing plant needs, controlling plant disease, creating good environment for plants, and
monitoring and maintaining plant growth and development (Figure 4). Students were able to assess the plant
needs by considering the plants’ light needs, nutrients needs and water needs. BS Biology students were able to
control the plant diseases by removal of the insects, pesticides application, and identification of disease
symptoms.

Assessing Plant Controlling Plant

MNeeds Disease

- Light Need - Remowval of Insects

- Nutrients MNeed - Pesticides Application

- Water Need - Identification of
Disease Symptoms

Creating Good Monitoring and
Environment for Maintaining Plant
Plants Growth and
- Proper Application Development
of Fertilizers - Regular Visit

- Proper Soil - Nurturing Seed

Conditioning Aond Seedling

- Proper Watering Development
- Constant Updating of
Plant Growth

Figure 4. Application of the Significant Skills Obtained by BS Biology Students from General
Botany Laboratory to Ensure the Good Health of their Plants in the Botanical Garden

BS Biology students had created good environment for plants by proper application of fertilizers, proper
soil conditioning, and proper watering. These students could monitor and maintain plant growth and
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development by visiting the plants regularly, nurturing the seed and seedling development, and constant updating
of plant growth.

Emotions Experienced by BS Biology Students During Plant Growth Deterioration

Findings of the study demonstrated the emotions experienced by the BS Biology students during their
plant growth deterioration are divided into two types: positive and negative emotions (Table 1). Positive
emotions are composed of calm, concerned, challenged, developed sense of responsibility, and optimism.
Negative emotions include the feeling of anxiety, depression, disappointment, dissatisfaction, distraught, regrets,
frustration and pessimism. Some students felt heart broken, mad, sad, upset, and worried. Other students tend to
blame themselves for the negative fate of their plants.

Table 1. Two Types of Emotions Experienced by the BS Biology Students during Their Plant Growth
Deterioration

Emotions During Plant Deterioration
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Figure 5. Strategies or Interventions Employed by BS Biology Students to Revive Plant Growth and Survival
Interventions Employed by BS Biology Student for Revival of Plant Growth and Survival

Outcome of the investigation revealed that the BS Biology students were able to employ strategies or
interventions in order to revive the plant growth and survival. These strategies or interventions include regular
monitoring of plant condition, pest and disease management, introduction of the farm technology, and revisiting
the needs and physiology of plant species (Figure 5). Regular monitoring of plant condition includes checking of
plant condition, maintaining drainage system, proper watering, removal of dead leaves, removal of insects, soil
quality monitoring. Pest and disease management consists of pest control, putting of nets to prevent the entry of
insects and use of medicine to combat diseases. Introduction of the farm technology includes application of
fertilizers, application of pesticides, and installation of screens to protect the plants. Revisiting the needs and
physiology of plant species are composed of reviewing the light requirements, nutritional needs, soil types, and
water requirements.

Lessons Learned by BS Biology Students from Botanical Garden Engagement

The BS Biology students were able to gain important lessons from their engagement in botanical
garden. These lessons include positive attitudes in planting, proper maintenance of plants, environmental
concerns, understanding plant physiology, and productive social engagement (Figure 6).

BS Biology students’ positive attitudes in planting include appreciation of nature, calmness in dealing
with challenges, patience, persistence, perseverance, and resilience. Proper maintenance of the plants consists of
taking good care of the plants and putting in the proper amount of fertilizers. Environmental concerns include
biodiversity conservation, environmental protection, stewardship of nature and ecosystem interconnectedness.
The sub-themes for the theme, “understanding of plant physiology” include habitat quality, demand for sunlight,
nutritional need, and water requirement. Under the theme, “productive social engagement” students were able to
develop cooperation, enjoyment in group activity, and teamwork.
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Figure 6. Important Lessons that BS Biology Students Gained from their Engagement with the Botanical Garden

BS Biology Students’ Ways of Ensuring Long Term Health of Plants

Based from the important lessons acquired by BS Biology students during their botanical garden
exposure, they were able to ensure that their plants would grow healthier over a longer period of time by proper
checking and monitoring, routine maintenance, knowing plant physiology, performing horticultural practices,
and developing teamwork and cooperation (Figure 7).

In the study, proper checking and monitoring are composed of disease monitoring, pest monitoring, and
soil testing. Routine maintenance consists of the application of fertilizers, trimming of leaves, routine pruning,
and watering of plants. Knowing plant physiology includes the sub themes such as need for sunlight, soil
requirement, and water and nutrient requirements. Knowledge on horticultural practices include irrigation
techniques, integrated pest management, management of plant diseases, and soil preparation strategies.
Developing teamwork and cooperation are composed of sub themes sharing responsibilities, scheduling of tasks,
and effective communication.
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Figure 7. Ways Employed by BS Biology Students to Ensure Plants’ Long-term Growth and Health

Discussions

The principles and concepts of experiential learning were evidently applied in the current study. BS
Biology students were not only confined within the four walls of the lecture room for discussion of the topics
found in the syllabus. Moreover, they were not only allowed to refer to the laboratory manual and textbooks for
the detailed illustrations of the morphology and anatomy of the roots, stems, leaves, fruits, and flowers in the
Botany class. The instructor went beyond what the classroom discussion and laboratory sessions could offer.

Experiential learning in Botany class at the Department of Life Sciences of College of Arts and

Sciences, Central Philippine University has been manifested in the involvement of the BS Biology students in
the University’s Botanical Garden. Students in Botany class were allowed to prepare and condition soil, plant
their favorite vegetables, flowering plants, and ornamental plants, and maintain these species of plants by
watering them regularly, applying appropriate amounts of fertilizers on soil, and preventing the occurrence of
diseases to the plants themselves by removing the parasites and implementing proper crop management
practices. These skills can be allowed to flourish and sharpen once applied in botanical gardening. Their hands-
on activities could provide them the opportunities to apply what they have learned from the lecture classes and
laboratory sessions.
In the process of quest for effective pedagogic approaches in Biology education, experiential learning has been
found as one of the best strategies to allow learners to maximize the acquisition of knowledge from the subject
matter. It has been familiar to most educators that experiential learning is the process of learning by doing. By
engaging students in hands-on experiences and reflection, they are better able to connect theories and knowledge
learned in the classroom to real-world situations. As some educators said, most of the principles and theories
taught in the classroom setting can be easily gone by the wind once they are not applied in the actual activities
and practices.

When students participate in experiential education opportunities, they can obtain many benefits in
contrast to the usual traditional lecture and discussion strategies. First and foremost, experiential learning can
lead students to a better understanding of course materials. It was also found that a broader view of the world and
an appreciation of community can take place among the students once experiential learning is applied. Through
this type of learning insights of the students can be genuinely applied into their own skills, interests, passions,
and values. Furthermore, this type of learning can provide opportunities to collaborate with diverse organizations
and people. Moreover, positive professional practices and skill sets can be manifested among the students once
they have beem allowed to perform things so that they can learn well. They are bodies of knowledge claiming
that experiential learning can boost self-confidence and leadership skills of the students.
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According to the recent development in the scholarly works on experiential learning, the majority of
research articles about outdoor science education focused on informal or extraordinary educational contexts,
such as single-day field trips once a year (Ayotte-Beaudet et al., 2017). In formal settings, many articles have
focused on the main challenges of conducting science activities outdoors (Ayotte-Beaudet et al., 2023).
Recently, an increasing number of articles have been publishing empirical research results on outdoor science
learning initiatives at the K—12 level in schools’ immediate surroundings like the scholarly works of King and
Henderson et al 2018; Mygind et al., 2018. Limited studies are directly linked to the direct effects of experiential
learning to biology education.

In spite of the limited studies of biology education and experiential learning, research in science
education has increasingly documented the benefits of outdoor education for how students learn in school-based
settings. Particular attention has been given to motivational dimensions, which have been recognized to increase
academic achievement (Taylor et al., 2014). Recent articles have highlighted a link between outdoor education
and positive achievement emotions (Fagerstam, 2014), higher levels of interest (Ayotte-Beaudet et al., 2019),
and deeper engagement (Skinner and Chi, 2012). Some studies have even shown that outdoor science education
can provide students with a sense of autonomy (Ayotte-Beaudet, et al., 2019; Dettweiler et al., 2017), which can
encourage them to exhibit self-determined behaviors.

Recent research has also shown that outdoor science learning is often positively correlated with what or
how much content knowledge students learn in school. In an integrative review, Kuo et al. (2019) showed that
outdoor environments offer a ‘supportive context for learning’, especially when learning experiences in natural
environments provide calmer contexts, enhance cooperative relations among students, and increase their
autonomy during activities. Kuo et al. (2019) noted that the ‘relationship between nature and learning holds up
across different research designs and that early studies ‘have begun comparing outcomes for nature-based
instruction (NBI) versus traditional instruction (TI) showing that incorporating nature adds value to the
instruction.

Remaining in the classroom to learn about nature may help students in their surface learning, but it may
be insufficient ‘to develop in-depth conceptual understanding’ (James and Williams, 2017). Researchers suggest
that outdoor environments offer concrete opportunities for students to learn about ecology topics that ‘they
cannot see or sense in other ways’ (Hayes et al., 2017). To support using the outdoors, Giamellaro (2017) offers
the expression ‘learning in context’, which means connecting the content to the context of use through direct
experience. Giamellaro (2014) found a significant association between learning outcomes and learning in context
during ecology classes. According to other researchers, outdoor places can also give students an opportunity to
‘develop the ability to transfer science knowledge to different contexts’ (Glackin, 2016) and make more fluid
transitions when it comes to using scientific learning across contexts (Bellocchi et al., 2016). Fluid transitions, a
metaphor used ‘to describe students’ toing and froing between concepts and context’ (King and Henderson,
2018), are of particular importance in helping students better interpret the environments in which they live their
daily lives.

Interesting to mention that not all the times the knowledge gained by the BS Biology students in
General Botany lecture and skills acquired from the laboratory experiments could be converted into successful
survival and growth of the plants. In some cases, negative emotions were experienced by the students (like
anxiety and self-blaming) during plant deterioration. The occurrence of the productive failure has significant
pedagogical implications. Productive failure serves as an eye opener to the botany teachers to not blame the
students for the uncontrollable poor survival and health of the plants. They should help the students to
investigate the factors which had potentially affected the poor health of the plants and assist them in how to
revive the growth based on the principles of plant physiology and ecology. Teachers should teach the students to
learn from their mistakes in planting and to gain lessons from their negative experiences so that they can deepen
their learning process towards building resilience.

The results reveal that while BS Biology majors could utilize concepts learned in General Botany
within the context of the botanical garden, such did not always lead to the plants' survival success, hence leading
to productive failures along with feelings like anxiety and self-reproach during the plants' deterioration. With
regards to Jean-Philippe Ayotte-Beaudet et al.'s findings in 2017, 2019, and 2023, the current study validates
their claim that contextualized science learning is more engaging and leads to better conceptual understanding
and situational interest but, at the same time, deviates in part from their conclusions in showing how such
authentic contexts can also be sources of emotional stress for unsuccessful biological outcomes. In the same
vein, while Michael P. Kuo et al. (2019) focus on the therapeutic psychological impacts of nature-based
activities through their emphasis on restoration and stress reduction, the results of the current research somewhat
challenge their assertions by suggesting that the stress levels of students engaged in nature-based learning
settings are not necessarily decreased, since they might feel anxious and blame themselves for failing to control
the growth of plants. However, both studies share the idea that exposure to nature triggers significant
psychological responses.
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The findings indicate that the BS Biology students were able to use several Botany lecture concepts
related to molecular and cellular process, physiology, reproduction, plant development, and ecologic
relationships in comprehending plant growth and development. Contrary to Kolb’s theory, wherein the process
involves a smooth progression from experiencing to reflecting and experimenting, the findings suggest that using
the lecture concepts did not ensure the success of the plant growth process because interruptions occurred along
the way as influenced by the realities of biology. Moreover, unlike the emphasis on productive learning through
constant interaction with the environment in Dewey’s Theory of Experience, the current findings demonstrate
that interactions may produce unfavorable situations and emotions, which include feeling anxious and blaming
oneself when the plants deteriorated. Therefore, it can be inferred that the results help develop further Kolb’s and
Dewey’s Theories by demonstrating that while experiential and environmental learning greatly assist concept
comprehension and application, the realities of botany bring about uncertainties and emotions that the theoretical
foundations do not consider.

Conclusions and Recommendations

Considering the major results of the study, eight conclusions were made:
1. The main concepts or principles that BS Biology students learned from their general Botany lecture that have
become useful in understanding plant growth and development are composed of molecular and cellular
processes, physiological processes, plant reproductive and genetic processes, plant development, plant
environmental, interaction and evolution, and uses of plants.
2. The specific ways on how the knowledge gained by BS Biology students from general Botany lecture have
influenced the approach to maintain the growth and health of their plants include proper identification of plant
needs and deep understanding of plant physiology.
3. The practical skills that the BS Biology students were able to acquire during the General Botany laboratory
sessions have been valuable in their engagement with plants include skills in taxonomy, plant maintenance,
management of resources, landscape designing, socialization, proper use of gardening tools, laboratory reporting,
and soil preparation and cultivation.
4. The BS Biology students were able to apply their significant skills obtained from the General Botany
laboratory to ensure the good health of their plants in the botanical garden in the following aspects- assessing
plant needs, controlling plant disease, creating a good environment for plants, and monitoring and maintaining
plant growth and development.
5. The BS Biology students were able to employ strategies or interventions in order to revive the plant growth
and survival such as regular monitoring of plant condition, pest and disease management, introduction of farm
technology, and revisiting the needs and physiology of plant species.
6. The emotions experienced by the BS Biology students during their plant growth deterioration are divided into
two types: positive and negative emotions.
7. The BS Biology students were able to gain important lessons from their engagement in the botanical garden.
These lessons include positive attitudes in planting, proper maintenance of plants, environmental concerns,
understanding plant physiology, and productive social engagement.
8. Based on the important lessons acquired by BS Biology students during their botanical garden exposure, they
were able to ensure that their plants would grow healthier over a longer period of time by proper checking and
monitoring, routine maintenance, knowing plant physiology, performing horticultural practices, and developing
teamwork and cooperation.

Given the conclusions of the study, the following recommendations are suggested in the future research
endeavors.
1. The engagement of the Botany students in the botanical garden should be maximized so that they can
appreciate the science of studying plants and the arts of planting. Field exposure can widen the perspectives of
the students on plants and their interactions with the natural environment.
2. Before allowing the students to propagate various plant species in the botanical garden they should be
properly taught with the different abiotic factors affecting the growth, survival, and development of the plants in
the lecture component of the subject. It should be made clear to the students that how each plant species interacts
with the abiotic factors in the environment is an essential part of their development.
3. Occurrence of the diseases is one of the major reasons for the deterioration of growth and is one of the causes
of death of the plants. BS Biology students should be taught how to investigate the signs and symptoms of the
diseases so that they can properly manage them.
4. Each university should maintain a botanical garden so that the instructors can maximize the learning
opportunities for the students. Botanical gardens can be sources of the specimens for study in the laboratory
setting.
5. The quantitative version of this study can be explored in future research activities.
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6. Other aspects of botanical gardens which were not investigated here can also be explored in the next research
endeavors.
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