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This research aims to investigate the use of an artificial intelligence-based mobile
application with plants and plant identification techniques (AImPLANT) with
prospective science teachers in outdoor activities. The goals of the study are: i) to
develop an Al-based mobile application from scratch based customized for
education ii) to enhance knowledge about common plants iii) to increase
awareness of plants, animals, and the natural environment, offering solutions to
reduce plant blindness iv) to support outdoor activities to observe, identify and
taxonomically determine specific characteristics of plants (endemic, economic,
health, aesthetic etc.) v) guide students creating an individual virtual herbarium.
The research will achieve the expected goals by coding an original “Al-Based
Mobile Application” using ChatGPT and PlantNet APIs through technologies like
Flutter, Firebase, Firestore, involving approximately 3200 lines of code. The
mobile application includes components such as an “Plant collection (herbarium)
project module”, “Al-based chatbot", "Al-based plant identification module”, "Al-
based student assessment module”, and a "Student assistance section". The
application provides guidance in creating virtual plant collections (herbariums).
Additionally, aids by the “help module” and “chatbot”. Furthermore, an Al-based
“self-assessment module” evaluates like a teacher based on the answers. The
research question and sub problems were based on prospective science teachers'
knowledge about plant identification and taxonomy, plant blindness, and opinions
on studying with artificial intelligence outdoors with common plant species. The
research, once again showed that artificial intelligence facilitates teaching biology,
increases academic success, has positive contributions to eliminating plant
blindness, and reduces teacher candidates' concerns about artificial intelligence
and affects their opinions positively.

Introduction

Artificial intelligence (Al) is a commonly used general term to describe computers and other intelligent machines

simulating cognitive functions attributed to the human mind, like learning and problem-solving (Russell & Norvig,

1995). Al can be conceptualized as bestowing human capabilities such as thinking, interpreting, analyzing, and
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decision-making on systems like computers, robots, or programs (Asan et al., 2020). Al includes a great diversity
of the cognitive domain, like learning, reasoning, planning, problem-solving, perception, natural language
processing, deep learning, expert systems, image processing, sentiment analysis, and speech recognition (Asan et
al., 2020). Al learns through large data processing with the help of its data analysis and machine-learning
techniques and gains more intelligence with the integration of new information (Gur & Ayden, 2019; Holmes,
2020; M. I. Jordan & Mitchell, 2015; LeCun et al., 2015). Over the last decades, the role of Al in the education,
usually referred to as Artificial Intelligence in Education (AIED), has been quite significant (Chen et al., 2020).

According to Chen, Chen, and Lin, in the last years, the online and simple web materials that the students used to
research and to get high grades with adaptable, web-based intelligent tools. Chassignol et al. (2018) states that
AIE is used to improve the learning process of students, afford teachers more potent teaching strategies, and
morph schools into more potent learning institutions. With the students having options that are suited to their
individual learning style and interest, AIE makes it possible to be pointed towards processes in which one can
learn at their own speed, thus making the learning process more effective for them, and affording them the ability

to manage their own learning (Brown et al., 2020).

AIE isn't only used for learning content personalization, but it also serves the purpose of tracking and evaluating
the students' academic and pedagogical development. For instance, supporting teachers in identifying students'
areas of weakness and giving personalized feedback to them increases the performance of the students (Brown et
al., 2020). Furthermore, with the monitoring of performance, the recognition of the student's learning problem is
done with the help of Al (Siemens & Baker, 2012). It can also be used to monitor the intellectual and social
development of the students by identifying the weak and stronger points and offering personalized feedback to
them (Koedinger & Corbett, 2005). Al would even be helpful in the development of virtual teachers who would
automatically answer questions from the students (Brown et al., 2020; Holmes et al., 2023). These virtual teachers
can engage with students interpersonally and interactively, helping them understand the learning materials and

making learning more enjoyable (Brown et al., 2020).

Furthermore, Al will be able to give teachers options for better methods of teaching. It can ready teaching
materials, plans for learning, and assignments based on the educational level and learning needs of the students.
This allows teachers to be more responsive to the needs of students and control learning processes to be more
productive (Koedinger & Corbett, 2005). AIE is changing the learning and teaching environment by providing
personalization and productivity other than those of traditional education. The introduction of Al in learning
environments enhances the increase of educational systems because it unlocks the change of education with
growing smart technologies (Coskun & Gtlleroglu, 2021). Al is able to simulate human intelligence tasks, for
example, thinking and learning; it has made the work of educators better in schools and classrooms. Through
AIED students are provided with the chance to learn at their own pace; in fact, there are alternatives presented for
any student depending on his personal style of learning and his interests, a fact that makes the learning process
more effective and the students able to be responsible for their learning processes, as mentioned by the study of
Brown et al. (2020).
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iNaturalist

One of the commonly used Al platforms in science education research is "iNaturalist," which is a mobile
application and website for exploring and documenting nature by nature enthusiasts. Through a community for
species identification of animals, plants, fungi, and other organisms from photos, video, and sound recordings,
users share their observations of flora and fauna that they encounter in nature. iNaturalist will enable students to
be more knowledgeable about wildlife, document their findings, and participate in the research needed for

conservation through the availed data that provides information on biodiversity.

The use of iNaturalist in education has been documented to enhance students' engagement in environmental
citizenship activities and increase natural environmental knowledge and enhanced levels of environmental literacy
(Caruso et al., 2016; Forrester et al., 2017; R. C. Jordan et al., 2012). It increases interest in nature, self-efficacy
for carrying out environmental actions, and scientific self-efficacy among students (Smith et al., 2021).
Furthermore, such tools, including by iNaturalist, in an activity like BioBlitz, have positive results for students in
enhancing their knowledge and awareness of biodiversity and ecosystems and fostering the participation of
students in biodiversity conservation activities (Gass et al., 2021). Al-based plant recognition projects, too,
constitute an important integral part of making the experience quick and effective for both the students and

researchers involved because they can identify accurately and rapidly (Barbosa et al., 2022).

Ickert-Bond & Kaden (2022) evaluated an adaptation of a traditional ‘flora class' curriculum at the University of
Alaska Fairbanks (UAF) remotely in collaboration with iNaturalist, as a targeting tool, for students in rural
locations. Keeping in mind the assumed access limitations, especially for such students, the class was conducted
through inexpensive, wide-angle macro lenses to allow students to document the plants in detail and upload their
pictures into iNaturalist as a means to participate in this social network of plant enthusiasts from around the world.
The other researchers shared the courses they have developed and what problems they have found with the
implementation; these were STEM methodologies integrated with Al platforms at a faculty of education. This
model enabled students to study local flora in greater detail, improve their plant-identification abilities, add to
plant-diversity data, and share this with other, geographically isolated students in other parts of Alaska. For
students, based on the Al-driven evaluation and feedback they got about online course delivery, this model
appeared to be a success. This is a big step toward enabling quality education for students from rural and

geographically isolated areas and also boosting the quality of delivery of such courses.

Smith et al. (2021) assigned a research project to students at universities for their "Environment and Ecology"
activities during the spring semester. The students signed up at SciStarter.org and iNaturalist, and made at least
one observation of indoor arthropods using iNaturalist for the "Never Home Alone" project. In the fall semester,
students collected structured outdoor explorations with the Seek app; identified invasive plants with iNaturalist;
used wasp observations to relate biodiversity to studies of invasive species; and learned about pollinators and
ecosystem services at the local, regional, and global scales. Lastly, students measured positive and negative
perceptions of indoor arthropod diversity, self-perceptions, and societal perceptions of indoor insects. The pre-

test mean score of students for interest in nature, self-efficacy for environmental action, interest in science, science
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learning, and scientific self-efficacy were found to be greater than the post-test mean score.

Gass et al. (2021) tested the enhancement of biodiversity education using BioBlitz events. BioBlitz is an event
that aims to identify and conduct the inventory of every living species in an area at a given time, continuously
done through iNaturalist and other similar platforms. Students made and posted their observations using the
iNaturalist mobile application. The aims of the activities were to sensitize students in relation to biodiversity and
ecosystems and engage them in the development of biodiversity conservation. Based on these findings, the study
concludes that ecology-based outdoor activities, such as a BioBlitz, can truly be effective instruments in driving

the knowledge and awareness of students concerning biodiversity and ecosystemic topics.

ChatGPT

The incorporation of the use of ChatGPT in science education offers a great way to optimize learning experiences.
Indeed, some studies have already shown the potential benefits of using chatbots in educational contexts, more
specifically within STEM: Science, Technology, Engineering, and Mathematics (Clark, 2023). Chatbots help in
giving real-time responses, increasing students' engagement, and further exploring learning through interaction;
thus, it becomes a great classroom instrument for teachers (Clark, 2023). It has also been shown that ChatGPT
may be used to support the designing of science units, quizzes, and rubrics for this reason, it has much flexibility
of meeting a wide range of pedagogical needs (Cooper, 2023). But the use of ChatGPT in education has many
positives, hence the many positives’ educators need to look at the pros and cons in the use of this technology (Sun
& Hoelscher, 2023). Faculty members should design some assignments for developing a critical view of problems
to encourage problem-solving and active learning in the learning situation through ChatGPT (Sun & Hoelscher,
2023). In addition, ChatGPT users should have a good command of the subject area to design good questions and

analyze the generated response (Araljo, 2024).

More recently, ChatGPT is applied to science education to provide promising results in the provision of both
academic answers and support for undergraduate medical education. Besides, ChatGPT is well placed to provide
a personalized learning experience, tailored feedback, and realistic simulations of different phenomena to enhance
student learning outcomes. However, there will be ethical concerns with the use of ChatGPT and thus require
formal design in policy and in training programs in its adoption into education responsibly (Tsang, 2023). After
all, integrating ChatGPT into science education will totally transform teaching practices, increase the engagement
of the students, and the learning experiences will be personalized. Educators and students both derive much benefit
from the properties which interactive, responsive chatbots such as ChatGPT bring to the table to produce a more

effective and capable learning space.

Plant Identification and Plant Blindness

Plant identification and plant blindness are crucial topics in science education. Plant blindness, defined as the

tendency to overlook plants, has significant implications for conservation efforts (Balding & Williams, 2016).

Despite the vital role plants play in sustaining life on Earth, many individuals fail to notice them to the same extent
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as animals, leading to a lack of awareness about the significance of plants (Nyberg et al., 2019). This phenomenon
has been observed across various studies in plant biology, psychology, and education (Balding & Williams, 2016).
Education plays a pivotal role in addressing plant blindness and promoting plant awareness. Overcoming plant
blindness necessitates valuing and respecting the essence of plants, which is essential for creating a sustainable
future (Thomas et al., 2021). Efforts to combat plant blindness involve enhancing plant science education to raise
awareness about the importance of plants in the ecosystem (Jose et al., 2019). Teachers need to possess knowledge
of plant species and identification skills to effectively teach about biodiversity and sustainability (Palmberg et al.,
2019). Research indicates that differences in visual processing between plants and animals may contribute to plant
blindness (Nyberg et al., 2019). To tackle this issue, educators should focus on designing instructional strategies
that help students compensate for their perceptual limitations and overcome plant blindness (Balas & Momsen,
2014). Initiatives such as outdoor education programs and experiential learning can significantly contribute to
increasing plant awareness among students (Lima, 2020; Wu, 2023). The lack of attention towards plants, as
evident in plant blindness, poses a significant challenge in biology education (Ahi et al., 2018). To address this,
there is a need to integrate plant-focused curriculum content and botanical education initiatives to spark interest
in plants among students (Daniel et al., 2023). By enhancing plant awareness and knowledge, individuals can
develop a deeper understanding of the ecological functions of plants and contribute to conservation efforts
(Sanders et al., 2021).

Recent scholarly investigations in botanical education underline a critical pedagogical shift toward an experiential
and technology-integrated learning approach. Borsos et al. (2023) have shown by the study with preservice
teachers that the contact with natural conditions when identifying the plant species diversified can help in making
a big contribution to the ability of identifying nontraditional groups of plants, such as medicinal and spice plants,
which can potentially enrich botanical education in the future. This is reinforced by the findings of Pedrera et al.
(2023), declaring the problem of plant blindness and calling for reduction in the curriculum regarding broader
biological concepts. In the light of this, botanical education approaches taken a step further with the integration
of technology, as seen in the example of Barbosa et al. (2022) where they implement artificial intelligence for
plant species recognition, thus opening a promising way of using advanced tools for biological understandings in

an entirely new and enhanced way.

All these studies taken together point to multifaceted approaches in botanical education, combining hands-on
natural experiences with cutting-edge technological application to increase the effectiveness and engagement of
botanical sciences. Pedrera et al. (2023) found out that science teaching should aim at enhancing the student
knowledge concerning biodiversity and plant biology and at the same time give the students the ability to be aware
and find value in plants. They also pointed out that science education should be able to empower students to make
decisions informed by biodiversity and plant biology since both will be of high significance when meeting
challenges in life. CONTIU et al. (2021) discussed that the virtual projects are more effective than the traditional
physical herbarium project in all dimensions. Research indicates that experiences in natural settings enable
prospective science teachers to identify a wider diversity of plant species more capably, thereby providing an
indispensable opportunity in the effective teaching of botanical knowledge to their future students (Ickert-Bond
& Kaden, 2022; Smith et al., 2021)
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Method

Application Development Process

AIMPLANT is developed mobile-based by using Flutter framework, Dart programming language, Firebase
development platform, and Firestore database, enhanced by Avrtificial Intelligence technologies using APIs. The
application name is obtained from a combination of two words: "Al" and "I'm Plant," representing a combination
of technology and botanical science. The prime functions carried out by the application are facilitated with the
help of APIs, thus making it easy for users to find botanical information.

Application Functions and User Interface
The main interface of the application consists of welcome screens, user login, and registration, in addition to the

home page. The homepage directs the user to take pictures, create plant collections, interact with a smart chatbot,
take quizzes, and ask questions.

Welcome [ AImPLANT

a Take a Photo
[T My Plant Collection

Al Reviews

Powered by )
‘\“’ Pl@nt How To Create a Collection

0] =

Plant Chat

Figure 1. AIMPLANT Welcome and Home Screen

Photo Capture and Identification

Users can take photographs of the plants directly from the application, which can be then used to identify with the
use of PlantNet and ChatGPT APIs. Identified photos are added to the user's collection.
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Figure 3. AIMPLANT "Photo List", "ldentification Results" & "Plant Collection" Screens

Multilingual Support

AIMPLANT has interfaces in English and Turkish. This paper elaborates on the Turkish language support, user

experience, and the interface effectiveness as tested in this language.

674



International Journal of Technology in Education and Science (IJTES)

Map Creation Feature

One of the research activities completed with the application was the visualization of geographic locations for
plants collected by users, done on a digital map. This mapping functionality facilitates a user's analysis of diversity

and distribution of botanical materials collected during field studies.

0 9 9
o g
9 Q VG o N §

e oule®. ¢ 0 0 i

.9 e 9
o B S0 fie.

Google

Figure 4. Pre-service Science Teachers Plant Locations in University Campus

The map link used in this research:
https://www.google.com/maps/d/viewer?mid=1HUFSTVVJhWBTjOXxOmn3yQPL920ukY8

Enhanced Test Module Integration

The testing module will be an important development in the redefined methodology for the AIMPLANT mobile
application. Educators should be able to provide a testing module through an administrative panel pertaining to
educational content in the form of tests. This will allow for the testing of the botanical knowledge of participants,
which should be conducted within the application itself. This module will automatically score student responses

and provide instant feedback with educational insights, run by Al evaluation.

Integration of ChatGPT-Powered Botanical Chatbot

This is supplemented with enhancement to the AIMPLANT mobile application's performance—an inbuilt,
specially designed chatbot powered by ChatGPT acting as an interactive assistant for botanical information. This
way, users are more engaged in conversational, real-time access to a lot of plant knowledge.

Integration of the ""Help' Section in AIMPLANT

The "Help" section in the AIMPLANT application serves as a collaborative, supportive platform for users to reach

out for help either anonymously from teachers or from other classmates. This provision is meant to allow an
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environment of community-driven help with learning and problem-solving in the subject of Botany.

Purposes of the Research

The primary objectives of this research are to investigate the impact of a designed artificial intelligence (Al)-based
mobile application, called AIMPLANT, on the plant blindness, knowledge levels, and the opinions of the
participants toward the use of Al in outdoor activities. Al-Based Mobile Application Development: The project
aims to develop an Al-based mobile application that is adapted for extracurricular teaching activities for pre-
service teachers.Plant Blindness Identification and Mitigation: Research directed toward the identification and
suggestion of ways to mitigate plant blindness through preservice teachers' increased awareness of plants, animals,

and the natural environment, especially in urban settings.

Knowledge Acquisition about Plants: This study aimed to enrich and raise levels of knowledge of the participants
concerning plants through instructional materials and activities given by the mobile application. This app allows
the pre-service teachers to observe plants outside of school, identify and catalogue plants with the developed
mobile application, and make a virtual plant collection where practical applications in carrying out scientific
research about the plants (tree, bush, herb) are made.Perception of the Preservice Teacher Toward the Mobile
Application: Their opinion about the specially developed Al-based mobile application shall play a critical role in
drawing the possible impact that this application could bring for educational technologies. This process will be
framed with a view to examining the frequency of use, ease of accessibility to this technology, problems faced,
and the level of satisfaction with the application. This present research is, therefore, an attempt to understand the
potential of Al-based mobile technology in science education, and it is part of those important social objectives:

enhancing the environmental awareness of pre-service teachers and reducing the degree of plant blindness.

Research Design

In this research a quasi-experimental design was employed on a single group based on pre-test post-test model.
The research group consisted of 2nd, 3rd, and 4th prospective science teachers from the Mathematics & Science
Department in Education Faculty of Education at Mugla Sitki Kogman University, totaling 24 participants. In
research design, the effects of the experimental study were assessed within a single group through activities
conducted and evaluated by pre and posttests. The pre-service teachers worked individually in a group of two to
four and created a virtual collection of their plants in Mugla Sitki Kogman University campus with the
AIMPLANT application. A significant difference between the pre-test scores and post-test score averages would

indicate the effectiveness of the study method.

Table 1. Research Design

Group Pre-test Intervention and Activities Post-test
G T, T Al-based mobile application in outdoor activities T1, To, T3
(n=24) “AImPLANT”

G1: Experimental group; T1: Academic Achievement Test; T2: Plant Awareness Survey; T3: Mobile Application Feedback Form
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In this research, AIMPLANT was implemented over the Spring Semester of 2023-2024 academic year in the
Department of Mathematics and Science Education, with a voluntary sample of 24 prospective science teachers
from 2nd, 3rd, and 4th grades.The empirical study involved five weeks of outdoor activities using the mobile
application, in which participants developed "Virtual Plant Collections”. The evaluation of levels of plant
blindness, academic performance, and attitude towards using AIMPLANT was observed in this study. The

outcome of this process is aimed to display the effectiveness of AIMPLANT in enhancing science education.

Data Collection

Academic Achievement Test

The total number of questions posed in the academic performance test was 35, arranged under six categories:
"Plant Ecology and Diversity,” "Plant Morphology and Anatomy,” "Monocotyledonous and Dicotyledonous
Plants,” "Herbarium Techniques,” "Plant Taxonomy," and "Ecosystem Knowledge." The questions designed
under each category were constructed to test recall and comprehension of participants or their analytical skills. It
is a great test for comprehensive evaluation of participants' knowledge about the basic concepts in botany and for
applying the knowledge. As to the validity and reliability of the academic achievement test, this test was
administered to 74 participants, and through the Kuder-Richardson formula, the analyses indicated that the test is
highly reliable (KR2=0.817, KR2:=0.758). Evaluations in Cronbach's Alpha show that the test is very strong in
internal consistency (0=0.814). We used Google Forms, which helped us in collecting data in an efficient and

effective manner and processing it for easier review of the responses of participants.

Plant Awareness Test

Plant awareness test extracted from Iri & Cil (2020) research. The inquiry posed to prospective science teachers
aimed to elucidate their awareness of plant varieties prior to and following an educational intervention. The plant
awareness survey consists of two parts. For this assessment, participants were requested to spontaneously list ten
living organisms that came to mind. This exercise served as both a pre-test and a post-test, enabling an analysis
of shifts in their cognitive frameworks concerning plant life, potentially influenced by the intervening educational
content. Following this, they were shown a slideshow consisting of 28 images, each displayed for 3 seconds,
depicting various living organisms. Upon completion of the slideshow, participants were instructed to list the
names of the living organisms they could recall. Subsequently, a post-test was administered to gauge any shifts in
plant awareness compared to the pre-test results. This research design aims to elucidate the impact of visual stimuli
on the recognition and retention of plant life within the context of science education. These data were collected in

a classroom environment face to face with paper and pencil.
Mobile Application Feedback Form
In the scope of this study, several aspects of the user experience associated with the AIMPLANT application were

investigated. The participants were asked to express their opinions related to the menu and interface design of the

application. Their answers were subject to categorizing and analyzing. Then, their opinions and perceptions
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related to the speed and functioning of the application were sought, and corresponding data underwent similar
procedures of categorizing and analyzing. Lastly, the participants were asked to identify the core issues and
problems they had encountered while using the application. The issues were similarly categorized and analyzed
within corresponding categories. This three-stage approach was viewed as a reasonable way to provide a
multidimensional overview of the user experience elements of the application. The data collected in this process
was analyzed in detail to assess the extent to which AImMPLANT is user-friendly and to identify some potential
improvements. To facilitate the process of data collection and analysis, we used Google Forms, which facilitated

the process of data collection and streamlines the process of evaluating participant responses.

AIMPLANT Outdoor Activity Process

The participants are first given an initial assessment regarding their knowledge level in the first week of the
activity. Then, orientation with the mobile application and experimental procedure is thoroughly presented to the
teacher candidates. In this discussion, the presentation on how herbaria should be prepared and applied is also
presented. Also explained are the advantages and disadvantages of the virtual plant herbaria. Then, instructional
focus is given on the functional aspect of the mobile application where step-by-step procedures on how to create
an account, how to identify plants using the features of the mobile application, chatbot integration, access to the

plant library, and making a virtual herbarium are thoroughly elaborated.

Week two is about the flora of the campus environment. Characteristics, species, and locations of campus plants
are identified and described. Basic principles of plant taxonomy are introduced, and their use within the mobile
app modules are explored. Participants also learn to effectively utilize the search and filtering features within the

mobile application, enhancing their interactive experience with the tool.

The third and the fourth weeks include campus field studies where plants are discovered personally by the
participants and samples are collected. These have been analyzed by use of the mobile application to enable a
thorough examination of its root, stem, leaf, flower, fruit, and seed characteristics together with the habitat and
locational attributes of the plants. In this week the prospective science teachers were asked to record certain
features of the added plants to their collection. Documented quite clearly should be the exact place of collection
of the plant, like Mugla-Kd&tekli or in the garden of the Faculty of Science of Mugla Sitkit Kogman University or
campus. Also include the square number from the Flora of Turkey where the plant is registered and other
taxonomic classification details like species, subspecies, genus, and family. The plant form should be identified
as a tree, shrub, herb, fungus, moss, fern, or algae. It will also be necessary to establish whether the plant is a
monocotyledonous (single-seed leaf) or a dicotyledonous (two-seed leaves) one and also whether the plant is

gymnosperm (open-seeded) or angiosperm (enclosed seed).

The life cycle of the plant needs to be examined to determine whether the plant is an annual, biennial, or a perennial
woody plant. Detailed study of habitat characteristics and the ecotone from which the plant was collected is
therefore necessary. That is, in relation to sunlight and shade, attention should be paid to the plant's preference,

the physical and chemical nature of soil, moisture in the soil, the topographical and climatic features of the region
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and other ecological factors. The level of environmental pollution needs to be ascertained, and it should also be
stated whether the pollution is natural or manmade. An assessment should also be made for the elements of water,
soil and air. In addition, the specific traits of the plant should be included, whether it is an endemic, ornamental,
forest plant, or maquis, and whether the plant is vascular (veined). During the study, the presence of organisms,
such as fungi, lichens, mosses, parasites, insects, caterpillars, spider webs, and bird nests, living on the plant, must
be noted. This approach should be a rich source of information for botanical knowledge for prospective science

teachers and, therefore, for their herbarium projects.

The fifth and final week closes with the formal evaluation tests for the participants, which examine the knowledge
and skill imparted over the course of the program. Such evaluations often serve as critical indicators of how far

the participants have gone and, indeed, how effective the training program was.

Results

Academic Achievement Results

In a research study that sought to determine the influence of an educational application called AIMPLANT on
academic achievement as far as the plant is concerned, pre-tests and post-tests were given to the upcoming
teachers. Since the sample is small and does not meet the threshold limit of 30 suggested for the use of large-
sample techniques, we underwent normality checking to justify the use of the statistical treatment. The commonly
used normality check that has the potential of achieving very good results is the Shapiro-Wilk test. The results
showed that pre-test and post-test has normality distribution (Wpe=0.93, Ppre=0.12, Wy05:=0.92, Pposi=0.05).

Table 2. Academic Achievement Test Pre-test and Post-test Statistics

Tests N X SD df t p
Pre-Test 24 16.71 5.64 23 -6.63 <0.0001
Post-Test 24 21.54 4.87

Since the pre-test and post-test groups were paired, a "paired sample t-test" was carried out. The calculated t-
statistic = -6.63; p-value = <0.0001 was determined and is very significant to reject the null hypothesis. This
means that the probability for observed difference between groups to occur randomly is very low, signifying that
the difference is statistically significant. These results very much support the fact that the AImMPLANT outdoor
activities have been efficient in a way such that it has shown an enhancement in participant performance in the

post-test.

Plant Awareness Test Results

Plant Awareness Test First Question

For this assessment, participants were requested to spontaneously list ten living organisms that came to mind. This
exercise served as both a pre-test and a post-test, enabling an analysis of shifts in their cognitive frameworks

concerning plant life, potentially influenced by the intervening educational content.
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Table 3. Plant Awareness Test First Question Frequency Results

Pre-test Post-test McNemar
Category f % f % P
Plant 68 28.33 136 56.66 <0.001
Animal 163 67.92 99 41.25 <0.001
Others 9 3.75 5 2.08 0.20
Total 240 100 240 100

Table 4 shows the results of McNemar's test on shifts in the categorization of living organisms from the pre-test
to post-test. In essence, the percentage of those identifying as 'Plant’ significantly increased from 28.33% in the
pre-test to 56.66% in the post-test (p < 0.001). On the other hand, the percentage of 'Animal’ answers significantly
decreased from 67.92% to 41.25% (p < 0.001). The percentage of answers in the category 'Others' presented a
percentage which does not present significant modification (p = 0.20). This means that important changes in the
awareness took place in relation to plant life because of the AIMPLANT treatment, concerning greater importance
given to plants in the hierarchy of living beings.

The Shapiro-Wilk test, a widely used test for assessing the normality of data distribution, was utilized. The results
showed that pre-test and post-test has normality distribution (Wpe=0.93, Ppre=0.12, W0s=0.92, Pposi=0.05).

Table 4. Plant Awareness Test First Question Pre-test and Post-test Statistics

Test N X SD df t-value  p-value  Difference
Pre-Test 24 2.83 1.86 23 -4.84 <0.0001  Significant
Post-Test 24 5.58 2.17 23 Difference

As shown in Table 5, the computed t-value of -4.84 indicates that the pre-test and post-test scores are significantly
different from each other, thereby suggesting that, in the post-test, the respondents provided more answers related
to plants than they did in the pre-test. The t-value is negative, representing a great increase in terms of specific
responses after the intervention. The p-value is <0.0001, which indicates the difference observed is not a product
of random variation; hence, confident findings on the evidence presented are highly assured. All these results
firmly confirm the increased effectiveness of the outdoor AIMPLANT activities and the improved performance

of participants on the post-test to a significant level.

Plant Awareness Test Second Question

A slideshow consisting of 28 images, each displayed for 3 seconds, depicting various living organisms. Upon
completion of the slideshow, participants were instructed to list the names of the living organisms they could
recall. Table 6 demonstrates that the result of the McNemar test revealed statistically significant changes in the
categorization of living organisms between the pre-test and post-test. There is a notable increase in the proportion
of responses identifying 'Plant’, rising from 36.13% in the pre-test to 45.93% in the post-test. Conversely, the
proportion of 'Animal’ responses decreased significantly from 63.87% to 54.07%. These findings indicate a
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significant shift in awareness towards plant life following the AIMPLANT intervention, suggesting enhanced

recognition and prioritization of plants within the broader context of living organisms.

Table 5. Plant Awareness Test Second Question Frequency Results

Pre-test Post-test McNemar
Category f % f % P
Plant 112 36.13 152 45.93 0.0063
Animal 198 63.87 179 54.07
Total 310 100 331 100

The Shapiro-Wilk test, a widely used test for assessing the normality of data distribution, was utilized. The results
showed that pre-test and post-test has normality distribution (Wpe=0.93, Ppre=0.11, W;0st=0.95, Pposi=0.24).

Table 6. Plant Awareness Test Second Question Pre-test and Post-test Statistics

Test N X SD df t-value  p-value Difference
Pre-Test 24 4.71 1.83 23 -3.22 0.0038  Significant
Post-Test 24 6.21 2.04 23 Difference

As shown in Table 7, the computed t-value is -3.22, suggesting that respondents' answers to the pre-test and post-
test significantly differed; therefore, it can be inferred that the respondents answered more items on plants in the
post-test than in the pre-test. A negative t-value, such as this, suggests that the specific answers significantly rose
after the intervention. The computed p-value of 0.0038, on the other hand, showed that the difference is not
brought about by random sampling; this is, in fact, at a very high level of statistical significance. The results very
well confirmed the improvement in post-test performances of the respondents in outdoor activities using the
AIMPLANT.

Opinions About the AIMPLANT Application

This research analyzed various user experience aspects regarding the AIMPLANT app. Initially, participants were
asked to share their thoughts on the design of the menu and the interface, with their responses being categorized
and analyzed. They were also requested to provide their opinions on the speed and functioning of the app, and
this data was similarly categorized and analyzed. Finally, participants described the major challenges they faced
while using the app, and these issues were also categorized and reviewed. This three-stage system was designed
to give a comprehensive analysis of the user experience with the app. The data collected were meticulously

analyzed to determine if AImMPLANT is user-friendly and to identify potential areas for improvement.

Menu and Interface Design of the AIMPLANT Application

Participants were asked, "How did you find the menu and interface design of the AImMPLANT application?" The

responses have been categorized.
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Table 7. Categorized Answers for Menu and Interface Design

Categories Frequency Percentage (%)
Positive Answers 18 75.00
Improvement Suggestions 3 12.50
Other 3 12.50
Total 24 100

According to Table 8 results, in the first category, "Positive Responses™ are featured. Prospective science teachers
generally expressed satisfaction with the application's interface, using phrases such as "It was very beautiful,"
"Quite attractive and beautiful,” and "It had a handy and modern interface." Such comments really prove the
application to be user-friendly and presentable, thereby functionally satisfying. The feedback further demonstrates
that users have a positive perception of the design of the application, affirming that it facilitates ease of use.In the
second category, "Improvement Suggestions" are present. Here, prospective science teachers have indicated that
some aspects of the application need enhancement. For example, one user emphasized the need for smoother
navigation by stating, "It can be cumbersome to be taken back to the home tab each time I press the back button.”
Another user highlighted the need for further development with remarks like "It needs better development" and
"It's nice but needs improvement in some areas," pointing out that certain features of the application could be

further improved.
Speed and Performance of the AIMPLANT Application
Participants were asked about their opinions on the speed and performance of the AIMPLANT application.

Responses were categorized to assess the functionality and user experience of the application. This information

has been utilized to analyze the overall performance of the application and identify potential areas for

improvement.
Table 8. Categorized Answers for Speed and Performance
Categories Frequency Percentage (%)
Positive Answers 16 66.67
Improvement Suggestions 6 25.00
Other 2 8.33
Total 24 100

Participants generally expressed satisfaction with the speed and performance of the application. Responses
included statements like "There was no problem with speed,” and "It was fast, and responses were quick,"
indicating that the application operates smoothly and efficiently. Users highlighted that they did not encounter
any difficulties in accessing information or performing functions within the application, noting that it served them
promptly and generally provided accurate results.However, participants did mention some issues with the speed
of certain features of the application, particularly with uploading photos and the slow loading of some images.

These feedbacks point to the need for performance improvements in specific functionalities of the application.
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Additionally, it was noted that speed reductions could occur when the application was used outdoors, suggesting
that work on connection stability and application optimization is required.Some participants also commented on
external elements unrelated to the application, though these remarks were in the minority in the overall analysis.

Issues of the AIMPLANT Application

Participants were asked the question, "What are the main issues you encounter while using the AImMPLANT

application?" Responses have been categorized and analyzed accordingly.

Table 9. Categorized Answers for Issues

Categories Frequency Percentage (%)
Technical Issues 8 33.33
Learning Phase Challenges 2 8.33
Internet Connection Issues 2 8.33
User Interface Issues 5 20.83
No Problems Encountered 7 29.17
Total 24 100

Participants experienced more issues in the categories of "Technical Problems" and "User Interface Issues," as
expected for a prototype application being tested for the first time. Specifically, participants encountered various
technical difficulties, particularly with the Android operating system, such as the app not functioning, challenges
during photo uploads, response errors, and occasional recognition errors. Additionally, issues like the application
freezing and causing the phone to become unresponsive were also reported. Such problems indicate the need for
further work on operating system compatibility and stability, which are common issues in the initial release of
software.Some participants mentioned difficulties during the learning phase of the application but noted that they
became accustomed to using the app over time. This suggests that while the user experience may initially appear
complex, participants gradually find the interface more comfortable to navigate.Challenges such as difficult in-
app information access, forgetting or misplacing information, highlight the need for a more intuitive and user-
friendly interface. Participants also expressed dissatisfaction with the lengthy processes involved in filling out

forms and the inability to sort images in collections as desired.

Discussion

The results of the study revealed that utilizing the AIMPLANT application significantly enhanced the academic
achievement of prospective science teachers in plant knowledge. The substantial improvement from pre-test to
post-test scores in the Academic Achievement Test emphasizes the efficiency of integrating Al-based mobile
learning tools in educational settings. This confirms existing literature that highlights how Al can tailor learning
experiences to individual needs and improve outcomes across various knowledge domains (Chen et al., 2020;
Holmes, 2020).Moreover, the increase in plant awareness, as evidenced by the Plant Awareness Test results,

underscores a shift toward greater recognition of plant species. This shift is crucial for addressing plant blindness,
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a significant challenge in biological education as documented by Pedrera et al. (2023) and Brownlee et al. (2023).
By offering direct, interactive learning experiences through a mobile platform, AIMPLANT may help bridge the

educational gap, making plant identification more accessible and engaging.

Technological Integration and User Experience

The use of technologies like Flutter, Dart, and Firebase within AIMPLANT underscores the trend toward
employing robust, scalable technologies in educational applications. While feedback on the application's interface
and functionality is generally positive, there are areas noted for improvement. Addressing these points could
further enhance user engagement and learning effectiveness.Challenges, particularly in outdoor settings, indicate
the need for further technical enhancements, such as improving the stability and speed of the application under
various network conditions. These improvements are vital for the usability of mobile learning tools during outdoor

educational activities (Smith et al., 2021).

Implications for Teaching and Learning

The study's findings suggest that AIMPLANT and similar Al-enhanced tools could be beneficial in other areas of
science education, potentially addressing engagement issues in complex subjects like botany or ecology.
Additionally, the application's support for creating virtual herbariums presents a novel learning approach that
merges traditional botanical education with modern technology. This hybrid model could serve as a blueprint for
integrating hands-on and digital learning across various disciplines, optimizing the benefits of both in-person and

digital educational methods.

Conclusion

This research conducted with the prospective science teachers from Mugla Sitki Kogman University through the
application AIMPLANT shows solid proof of means and ways in terms of its effectiveness in integrating artificial
intelligence in the settings and how they will result in improved learning outcomes, more so in the context of plant
identification and environmental awareness. This study proves the potential of Al tools in decreasing plant
blindness and improving botanical knowledge which an educated society with an environmental conscience
need.The participants gained knowledge and awareness of plant life from the application of the AIMPLANT
application, as indicated by the statistical improvements from the pre-test to post-test of the Academic
Achievement Test and the Plant Awareness Test. In these terms, Al-enhanced experiential learning in natural

contexts might bear a great impact on understanding and retention of environmental knowledge by students.

Participants were generally satisfied with the functionalities and design of the AIMPLANT interface, as it is easy
to use and contains enjoyable features, such as the Al-driven chatbot and plant identification tools. In opposition,
areas of development needs have been identified in terms of performance stability and issues with navigation, thus
pointing strongly to the need for continuous development and refining.This further supports the research that

AIMPLANT is a tool for educational and technology-positive attitude objectives in outdoor scientific
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investigations. This enables students to be in actual experience with their environments, with immediate feedback

on Al closing the gap between the theoretical knowledge gained and the practical use of it.

It is thus final that the AIMPLANT project epitomizes how Al would revolutionize practices in education through
the dynamic and interactive learning environment personalized to the individual needs of the students. Therefore,
in that sense, the research adds to the general discussion about the potential role of Al in education, which is
promised to be important because learning in sciences is all about understanding and interacting with the natural
world. Future research should continue to pursue these possible uses, expand the capabilities of the application,

and find more possibilities for its use in other educational settings and in other disciplines.
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