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Abstract – Problem-solving skills are an essential 
competency for addressing global challenges. However, 
educators have not fully understood the most effective 
methods for fostering problem-solving skills in students. 
The purpose of this study is to examine the problem-
solving abilities and scientific attitudes of students 
taking the Phanerogams Botany field course at the 
Cibodas Botanical Garden in Indonesia. This research 
was conducted using a descriptive method on 40 third-
semester students from the Biology Education Study 
Program at a private university in Bandung. Data were 
collected through the use of learning implementation 
observation sheets, student worksheets, and an attitude 
scale questionnaire (numerical rating scale). The 
problem-solving ability instrument, which was 
developed for the purposes of this study, consisted of 
five questions. The scientific attitude instrument, which 
was also developed for this study, consisted of four 
indicators, which were translated into 20 questions. The 
findings indicate that the Phanerogamae Botany field 
course has a beneficial effect on students problem-
solving abilities, encompassing the identification stage 
and the evaluation of strategies employed. Furthermore, 
this field study plays a significant role in fostering 
students’ scientific attitudes, including curiosity, 
honesty, open-mindedness, and the capacity to 
collaborate effectively.  
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1. Introduction

The problem-solving skills are among the main 
objectives of the college curriculum as they equip the 
graduates with skills to deal with the complicated 
problems at the workplace. The essence of the 
challenges on the education of science highlights the 
desirability of proper methods and instructing models 
of learning science so as to make contributions on the 
effective implementation of problem-solving skills 
[1]. The teaching strategy should therefore be adjusted 
to encourage other factors like collaboration among 
learners with different levels of experience other than 
problem solving talents [2]. Past experiences indicate 
that different types of problems require varying levels 
of information processing and application of skills, 
which would necessitate the use of varying methods 
of teaching [3]. In addition, problem-solving ability 
requires effective and productive assessment 
strategies to determine the ability in science, 
engineering and teacher education scenarios. Such 
assessment should provide concrete information, 
allow students to make a choice and the combination 
of alternative ways of assessment [4]. In addition, it is 
assumed that the examination of the various strategies 
used by students in solving biological problems of 
different magnitudes would play an important role in 
interpreting the process of problem-solving among 
students [5].  

Being able to find solutions to problems has also 
been proven a very important element in quite a lot of 
research. It teaches that the biggest aspect towards 
success in the professional life is the capability to 
change to difficult circumstances that may be faced. 
To succeed in their work life, students require so many 
skills. These are having the capacity to identify 
problems, think critically and creatively, perform 
duties diligently, assess their own thoughts, manage 
organizations, be flexible, develop solutions and 
analyze outcomes [6].  
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Level of creativity involves developing new 
solutions to certain situations which in turn determines 
the ability to identify and implement solutions to 
complex problems [7]. The key to developing 
problem-solving skills is creating a learning 
environment that will help motivate the students to be 
able to develop their problem-solving skills. An 
example is the effectiveness of introducing ecology 
lessons in the curriculum that has shown to raise 
awareness to the pupils [8]. The academic 
achievement is positively affected strongly by 
student-centered learning and problem-based learning 
[9]. 

And the aim of biology teaching is not in mere 
transferring (in the object-soul zone), but to shape and 
mould in students strong, critical, constructive as well 
as scientific attitudes. There are multiple research 
conclusions on the role of developing a scientific 
attitude in science learning, and these are developing 
curiosity, self-confidence, which makes biological 
knowledge less confusing to the student and allows 
him to use it better [10]. It has also been found that the 
positive attitudes can be raised a great deal by 
laboratory experiences which has proved to be a good 
method of getting the students to form positive 
attitudes towards science [11]. There is a strong 
correlation between positive attitude towards science 
and academic performance among students 
particularly when the topic of study is applicable in 
their day-to-day lives [12]. Other studies show that 
educators are able to influence positive attitude of 
pupils to science not only through the student-centered 
educational experience which can be performed in the 
classroom but also because it can promote scientific 
literacy and its relevance to the realities of the day-to-
day life of the students themselves [13]. 

Field trips help in inculcating the observation 
ability, critical thinking and environment management 
in the learners. Also, the field trips may improve the 
retention, conceptual knowledge, and successful 
practice of students. However, several constraints 
must be considered, including financial constraints, 
large student numbers, and the limited effectiveness of 
the trips [14]. Field studies have the potential to 
enhance students higher-order thinking skills (HOTS). 
When designed effectively, field courses have the 
potential to foster deeper skill development compared 
to what can be achieved through conventional 
teaching methods [15], [16]. Teachers develop the 
confidence to integrate field lectures with biology 
teaching, thereby enhancing the interest and relevance 
of the subject matter for their students [15]. It has been 
demonstrated that students who participate in field 
lectures demonstrate a significantly higher level of 
interest and academic achievement in biology lessons 
than those who do not take part.  

It is therefore recommended that biology teachers 
receive training in order to learn how to best engage 
students during field trips, with the aim of maximizing 
the benefits derived from such activities [17]. 

Field lectures are a pedagogical strategy that 
facilitates direct experiential learning through 
engagement with the subject matter in a natural 
setting, thereby enhancing students understanding. 
The activity was conducted as part of the biology 
education study program at a private university in 
Indonesia. One such course is the Phanerogamae 
Botany course. The preliminary study yielded findings 
indicating that students encountered challenges in 
analyzing and solving problems directly during field 
lectures at the Cibodas Botanical Gardens in 
Indonesia. Students encounter difficulties in 
integrating field experience with the theoretical 
knowledge acquired in the classroom. In light of the 
aforementioned issues, the research project aims to 
investigate the problem-solving abilities and scientific 
attitudes of students enrolled in the Phanerogamae 
Botany field lecture at the Cibodas Indonesia 
Botanical Gardens. 

 
2. Methodology 
 

This section details the research design, research 
participants, research instruments as well as the 
methodology of data analysis to be used in the study. 
A descriptive research design aimed to investigate the 
level of problem - solving skills and science attitude 
of the students who participated in the field lecture of 
Phanerogamae Botany at the Cibodas Botanical 
Gardens in Indonesia [18]. The sampling method 
entailed a purposive sampling in which the classes 
were selected based on their capabilities as they 
became exposed to field studies. The lowest mark of 
75 that was set in the experiment was initially imposed 
on students. Following this, the students were 
occupied with the lecturing process of field trips and 
finally a test was taken. The observations and 
interpretations that were then made later (detailed) 
were done to verify the impact of the field trip lecture 
on the problem-solving capacity and the attitude of the 
students to science.  

The participants in this research were 40 third-
semester students enrolled in the Biology Education 
Study Program at a private university in Bandung. 

The research steps are as follows:  
 

1. Determining research objectives for the 
Phanerogamae Botany field study,  

2. Research planning, 
3. Sampling, 
4. Data collection, 
5. Data analysis, 
6. Interpretation of results, 
7. Reporting of results, 
8. Recommendations, 
9. Evaluation.  
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The categories used to assess problem-solving 
ability were adapted from those proposed by [19]. The 
categories of results for the assessment of problem-
solving ability are presented in Table 1. 

 
Table 1. Categorization of problem-solving ability results 
 

Percentage Category 
90% ≤ A < 100% Very Good 
75% ≤ B < 90% Good 
55% ≤ C < 75% Enough 
40% ≤ D < 55% Less 
0% ≤ E < 40% Very Less 

 
Meanwhile, the assessment of students’ scientific 

attitudes is categorized based on [20], which can be 
seen in Table 2. 

 
Table 2. Categorization of student scientific attitude value 

 

Value Interval (%) Category 
80-100 Very Good 
66-79,9 Good 
56-65,9 Enough 
40- 45,9 Less 

<40 Very Less 
 

The data is presented in percentage form and 
processed based on several stages developed and 
adapted from those described by [18]. These stages 
include: 

 

1. The Student Worksheet Instrument Data from the 
Phanerogamae Botany Field Lecture were 
analyzed based on the assessment criteria. Each 
indicator was assigned an assessment score, and 
the percentages were calculated. The data were 
then categorized. 

2. A descriptive analysis was conducted to ascertain a 
comprehensive overview of student performance 
during field lectures, based on the observational 
field notes. The objective of this analysis was to 
ascertain the learning outcomes of students 
enrolled in Phanerogamae Botany field courses. 
 

The data analysis of the Scientific Attitude Scale 
Instrument encompasses a number of key aspects, 
including curiosity, honesty, open-mindedness, and 
collaboration. Each of these is processed based on the 
score obtained for each question item, which is then 
categorized and analyzed descriptively in order to 
obtain an overview of students’ scientific attitudes.  

 

3. Results 
 
This section reports the findings derived from the 

analysis of students’ problem-solving skills and 
scientific attitudes developed during the 
Phanerogamae Botany field course. 

 
3.1. Student Problem-Solving Ability  

 
The results related to students’ problem-solving skills 

observed throughout the field lecture activities are 
outlined. Their abilities were evaluated during the 
Phanerogamae Botany field lecture conducted at the 
Cibodas Botanical Gardens, and the outcomes are 
presented in Figure 1. 

 

 
 

Figure 1. Percentage of students problem-solving ability for each indicator in the Phanerogamae Botany field lecture 
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As illustrated in Figure 2, the mean value of students 
problem-solving abilities for each indicator falls within the 
“good” and “very good” categories.  

The highest mean value is observed in the indicator that 
evaluates the strategy utilized. In light of these findings, it 
can be concluded that the Phanerogamae Botany field 
lecture activities at the Cibodas Botanical Gardens were 
effective in fostering students capacity to evaluate the 
strategies employed.   

In addition, the indicators for identifying problems, 
asking questions, explaining multiple strategies, and 
providing rationale for the strategies employed exhibited a 
value range of 79-83%, thereby indicating that these 
indicators fall within the “good” category. 

 
 

 

 
(a)  

 
(b) 

 
(c) 

 
(d) 

 

Figure 2. Phanerogamae Botanical field lecture activities at the Cibodas Botanical Gardens (a) Direction of students by 
the supervisor; (b) Exposure by the supervisor to plants found in the field; (c) Discussion between the supervisor and 

students in the field 
 
Prior to the commencement of the field lecture 

activities, the Phanerogamae Botany field lecture activities 
commence with a briefing delivered by the supervisor to 
the students’. These activities include explanations of the 
procedures to be followed by students during observations, 
the completion of student worksheets, and the activities 
that are prohibited during the observation period. 
Additionally, other technical matters are addressed. 
Subsequently, the supervisor provided an elucidation of 
the diverse array of plant species observed, encompassing 
an in-depth analysis of their classification, evolutionary 
relationships, and distinctive morphological 
characteristics. This was followed by a detailed 
examination of the Gymnospermae and Angiospermae 
groups, which are of particular interest in this field of study.  

 
 
 
 
 

Finally, the students were directed to undertake further 
observations of additional plant species. Furthermore, the 
supervisor initiated a question-and-answer session to 
facilitate a collective discourse on the subject of plants 
observed in the field, the impact of human activities on 
habitat destruction, and the optimal methods for ecosystem 
protection. This discussion session serves to reinforce the 
knowledge previously acquired in the classroom. In this 
field study activity, students engage in documentation 
sessions, recording and collecting plant samples (if the 
plant population is large and not protected) to facilitate 
more detailed observations conducted in groups. 
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3.2. Student Scientific Attitude 
 
Field lecture activities in the Phanerogamae Botany 

course conducted at the Cibodas Botanical Gardens were 
used to examine students problem-solving abilities.  

The results obtained from these activities provide an 
overview of students problem-solving performance during 
the field lectures, as presented in Figure 3. 

 
 

 

 
 

Figure 3. Assessment of students’ scientific attitudes in field lectures 
 

Figure 3 shows that students scientific attitudes in field 
practicum activities generally range from 87 to 100. This 
illustrates that, based on the category of scientific attitude 
values, the results are in the very good category.  
Nevertheless, the findings of the research indicate that 
there is a correlation between the values of honesty and 
open-mindedness. An honest and open-minded attitude is 
of the greatest value among the scientific attitudes under 
consideration. This is because both are the foundation for 
fieldwork activities, wherein ideas and research results can 
be discussed freely and without prejudice.  

In light of the explanation above, it can be posited that 
field practicum activities have the potential to cultivate 
students’ scientific attitudes. This is evident from the 
classification of scientific attitudes presented in Table 3. 

 
Table 3. Grouping of scientific attitudes among students in 
field practicum activities 
 

Attitude 
Group Sum % Value Average 

High 
Scientific 
Attitude 

25 60.98 81,73 - 88,46 85,10 

Low 
Scientific 
Attitude 

16 39.02 55,77 - 76,92 66,35 

 
As shown in Table3, the proportion of students 

exhibiting high scientific attitudes is greater than the 
proportion of students exhibiting low scientific attitudes. 
This indicates that field practice activities have a positive 
impact on students’ scientific attitudes. This can be 
interpreted as high scientific attitudes being demonstrated 
by the results of field practice activities.  

 
The results of field practice allow students to apply the 

theory they have learned in class to practical situations. 
 

4. Discussion 
 

In this part, findings of the research will be discussed 
concerning the theories and past studies. The results of this 
research article prove that the problem-solving abilities of 
students in the field trips in Phanerogamic Botany efficacy 
have a positive correlation with all the indicators that were 
noted across the entire course. The field trips in 
Phanerogamic Botany can also assist students to acquire 
scientific attitudes. The problems encountered by the 
students in studying in the field provide an opportunity to 
explore innovative problem-solving, in order to seek 
solutions readily and creatively. The steps involved in this 
process are the initial stage of the identification of the 
problem and the final stage of implementation of 
application of the corresponding solutions by the students. 
Being creative and cognitive in problem-solving are 
related closely and mutually supportive of one another. 
Activities based on lectures that include real-life scenarios 
in field lectures, and problem-solving must provoke 
development of new ideas to the students [21]. The 
outcome concurs with the previously conducted 
researches who have established that there is a positive 
correlation between problem solving ability, and 
creative thinking [22]. People with greater problem-
solving skill have been reported to portray more skill 
in creative thinking.   

The fact that the average score of some of the indicators 
in the course of rating the strategy is very high can be 
attributed to some reasons.  
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First, by way of field study, students have been 
inculcated in thinking. Second, students can work well on 
elaborating collaboration and observation skills. Third, the 
students possess a high rate of flexibility and therefore out 
of these three factors, the students can be able to formulate 
the theories they have studied in their classes to the 
situation in the field. This finding is in line with the result 
of [23], students on field trips acquire real life experience 
and develop better understanding. Moreover, there is also 
a chance that field experiences and learning in the field will 
promote the acquisition of some new skills. Such skills are 
communication, analytical thinking, creativity thinking, 
teamwork, and problem-solving ability [24], [25], [26]. 
The Phanerogamae Botany field trip proved to be an 
effective way for students to address emerging issues 
through group discussions and presentations. The 
majority of students were able to identify potential 
risks to the ecosystem at the Cibodas Botanical 
Garden, including the impact of human activities on 
ecosystem damage and the necessary steps to protect 
the ecosystem. Modern thinking equips students with 
the ability to effectively face life and professional 
challenges [27], [28]. 

The indicator for identifying the problem shows the 
lowest average value compared to the other indicators. 
This is due to the fact that when identifying problems in the 
field, some students still have some limitations in 
observing. For example, the vastness of the Cibodas 
Botanical Garden makes it difficult for students to observe 
carefully and identify relevant problems. Another cause is 
the limited time available to allow data and information to 
be collected, which forces students to work quickly, 
leading to important details being missed. The findings of 
this study align with [29], which indicate that the 
limitations of fieldwork include restricted time for 
observation, resulting in suboptimal understanding, and 
the need to move between locations, which can disrupt 
students’ concentration and enthusiasm [29]. Even though 
the indicator in question exhibits the lowest average value, 
this percentage is nevertheless included in the “good” 
category. This phenomenon may occur because problems 
are identified in a group setting, facilitating cognitive 
interaction between students. This can lead to more 
efficient utilization of time and knowledge acquisition. 
Group learning activities have several advantages. They 
facilitate the teaching of essential skills such as 
collaboration and effective teamwork. Additionally, they 
encourage students to support and motivate one another, 
which can help them manage stress and boost self-
confidence when confronted with challenges in their 
chosen field [30]. The activity, which is designed to 
identify the problem above, entails presenting students 
with problems regarding changes in the balance of the 
ecosystem and plant diversity in the Cibodas 
Botanical Gardens. As a consequence of the fieldwork 
conducted by the students, they are able to present the 
principal issues that exist in the field.  

This includes the ability to explain the various 
factors that contribute to these issues, such as climatic 
factors or the effects of human activity. 

The ability to carry out identification is related to 
students’ cognitive development, which will help facilitate 
their understanding so that conducting field lectures will 
motivate students to identify problems [31]. In addition, 
the indicator asks questions, explains several 
strategies, and provides reasons for the strategies used 
to have relatively similar average values. These three 
indicators are also included in the good category. In 
the indicator of asking questions, students are able to 
formulate problems found in the field and break them 
down into several questions for which solutions must 
be found so that the balance of the ecosystem is 
maintained properly. The problem formulation for 
each student is very diverse, which of course requires 
a comprehensive answer from the results of the 
student’s thoughts through observations in the field as 
primary documents, supplemented by sources from 
secondary documents related to the problems raised. 
Students who are able to effectively articulate the 
complexities of a given problem are more likely to 
devise novel and ingenious solutions, which can offer 
fresh perspectives within the context of the problem at 
hand [32], [33]. 

The indicators then shed light on several strategies 
that the students can use in a bid to find possible 
solutions to the posed issues. Students also learn how 
to calculate presumptive temporary answers, thus 
making it easier to approach data collection in a more 
intensive manner. The presence of varying conjecture 
or solution options in the nature of these helps students 
to think creatively and critically when they make 
decisions, enhances their ability to solve the problems, 
makes them more active in the learning process, builds 
self-confidence in their ability to make decisions, and 
builds self-confidence in the problem-solving process 
[34], [35]. Finally, the indicator provides justifications 
of the chosen strategy. This is where the students are 
required to conducted field searches according to the 
guideline provided in the student worksheet to obtain 
field observation data. Also, they receive library 
search data in order to reinforce them. Hypotheses 
development, data gathering, and data management 
may be carried out in cooperation with groups, hence 
supporting communication between the members of 
the group. Communication within a group is a very 
important factor. It helps the group members to 
express their thoughts, pass instructions and provide 
encouragement to each other either verbally or in 
writing in a straightforward and efficient way [36], 
[37]. In the activity of a scientist or an academic, 
communication skills are also significant since the 
scientific attitudes will be constructed with the help of 
good communication skills [38]. 
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Practical work is an essential element in 
developing scientific attitudes, students’ confidence in 
the knowledge gained, expanding students’ 
experiences, and strengthening learning outcomes, 
thus ensuring that these results remain in students’ 
memory for a longer period [38], [39]. Field practice 
allows students to interact directly with their 
surroundings, fostering curiosity and a desire to learn 
more deeply [38]. The goal of field practice would be 
to arouse creativity in the students to explore and be 
able to comprehend what was taking place in the 
immediate world around them. This interest makes 
them pose questions and demand answer to them by 
getting direct impressions about them. Further, 
students learn the principles of academic integrity at 
the fieldwork and this makes them encouraged to 
make correct observations and write up the data 
without any manipulations. The teaching goal of this 
is to enhance building of scientific attitudes. Further, 
the work experience in the field could be done in 
groups and this helps in discussion and exchange of 
ideas which could improve the knowledge and 
teaching of the students. Consequently, they are able 
to get different opinions of their friends or other 
people. 

The term “scientific attitude” is multifaceted, 
encompassing two distinct meanings: attitude towards 
science and attitude of science [40]. The initial 
perspective relates to a person’s inclination towards 
scientific fields. The second viewpoint concerns the 
intrinsic perspective that emerges after studying 
science. Individuals who exhibit this attitude tend to 
behave consistently in various situations. The research 
findings indicate no significant differences in values 
related to honest and open-minded scientific attitudes. 
This demonstrates that both emphasize the 
significance of integrity in the scientific process. An 
honest attitude necessitates that researchers report 
findings in an accurate manner, whereas an open 
mindset encourages researchers to accept new facts 
even if they conflict with their initial beliefs. A 
scientific attitude related to honesty can be developed 
through practical activities. This includes compiling 
reports based on actual findings, explaining concepts 
using one’s own understanding, and providing 
relevant examples to support explanations. In 
addition, students are trained to report facts and data 
accurately and to include appropriate evidence when 
drawing conclusions [41].  

An honest scientific attitude, as carried out by 
students in the field, entails the reporting of all 
evidence found in the Botanical Gardens ecosystem in 
Cibodas, even if the results found are contrary to 
hypotheses or expectations. An open-minded 
scientific attitude, on the other hand, means that 
students value the opinions and findings expressed by 
members of other groups.  

Every student has the right to express their ideas 
and receive feedback from their classmates during 
discussions. This admirable attitude of honesty and 
open-mindedness can be developed through field 
practice activities. This is in accordance with the 
findings of [42], which shows that honesty and open-
mindedness can be developed through practical 
activities [42]. As posited by [43], honesty and open-
mindedness are crucial in the context of scientific 
problem-solving [43]. 

Learning about the environment through scientific 
attitude of curiosity means with curiosity, students 
engage their senses in learning about the various flora 
that they will see when they go on a field trip to the 
Cibodas Botanical Garden. As an illustrative example, 
students rely on their vision to look at and view certain 
features of the plants they come across. More so, they 
will listen to the explanation taught by resource 
persons or other lecturers who are relevant using their 
sense of hearing. Also, they are provided with the use 
of smell when analyzing plants, where the pupils will 
smell the flowers or some leaves and participate in 
corresponding discussions on the smell as the 
evidence of the plant species or climate in the 
environment. Also, they may touch the soil and leaves 
in order to determine the variety of textures with the 
help of sense of touch. There are some instances where 
students can even touch a particular part of plants 
especially in field lectures related to medicinal plants 
to give them an idea about the plants.  

Students with a high level of curiosity can also be 
identified by their attention and enthusiasm when 
participating in field activities. Additionally, students 
with high curiosity tend to seek out additional 
information about the species they observe. Students 
use various sources to find information, then reinforce 
their findings with the lecturer. Students who 
demonstrate a high level of curiosity tend to have a 
desire to ask further questions when they encounter 
concepts they do not understand. They are often 
encouraged to seek additional information beyond 
what is provided by their instructors. Furthermore, 
they showed enthusiasm in seeking answers to the 
questions posed by their instructors during the 
explanation [44]. Involving various senses while 
learning can help strengthen memory of the 
information obtained. 

The term “cooperative attitude” as used in this 
study refers to the active participation of each student 
during both field practice and presentations. The 
scientific attitude of cooperation is demonstrated by 
students who collaborate with their group members in 
solving problems and conducting practical activities. 
Furthermore, a cooperative attitude is demonstrated 
by the cohesiveness of each group, which is 
manifested in activities among members.  
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These activities are reflected in discussing, 
offering and accepting opinions, respecting 
colleagues’ opinions, accepting disagreements, or 
distributing group tasks evenly. Students involved in 
collaborative learning processes tend to achieve better 
learning outcomes than those who study 
independently [45]. Collaborative learning can 
facilitate student interaction to improve cooperation 
[45]. The research findings indicate that after 
completing field practice, students demonstrate 
improved scientific attitudes. Students with high 
scientific attitudes tend to have a strong determination 
to succeed and high achievement motivation [41]. 
 
5. Conclusion 
 

 Overall, the results of the current research indicate that 
Phanerogamae Botany field course positively affects the 
students in problem-solving skills, especially the ability to 
recognize and assess the strategies to solve the problem. 
Moreover, involvement in field-based learning activities 
helps in building the scientific disposition of the students 
such as curiosity, honesty, open-mindedness, and 
cooperation. These findings suggest that field courses 
provide meaningful learning experiences that support both 
cognitive and affective aspects of biology education. From 
an educational perspective, these results highlight the 
importance of integrating field-based learning into biology 
courses to enhance student engagement and skill 
development. 

Field lectures enable students to apply theoretical 
knowledge in real-world contexts, encouraging active 
learning, collaboration, and reflective thinking. Therefore, 
biology educators are encouraged to design and implement 
well-structured field activities as part of their routine 
teaching practices to develop problem-solving abilities and 
scientific attitudes. 

Despite these positive findings, this study has several 
limitations. The research was conducted at a single field 
study site with a limited number of participants. Future 
research could explore different field sites, involve a larger 
and more diverse student population, and use diverse 
research instruments or procedural approaches to further 
explore the relationship between field-based learning, 
problem-solving skills, and scientific attitudes. 
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