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ARTICLEINFO ABSTRACT

Article history Cognitive learning outcomes (CLO) are the most important part
Received: 17 December 2024 of learning. CLO the basis of students' understanding for further
Revised: 24 January 2025 learning. CLO play an important role in students' readiness to
Accepted: 28 January 2025 face the real world. Therefore, CLO needs to be facilitated in
Keywords: learning. CLO is related to the problem-solving process. This
Cognitive Learning Outcome study aims to produce a problem-solving-based textbook to
Plant Ecology improve conceptual understanding in the Plant Ecology course.
Problem-solving This research and development follow the 4D model consisting of
Textbook define, design, develop, and disseminate. The instruments used in

this study were questionnaires, validation sheets, and problem-
solving-based test instruments in the form of essay questions.
Data  collection techniques used were observation,
questionnaires, and tests. To determine the feasibility of
problem-solving-based test instruments, the data analyzed were
the results of validation by material experts and media experts.
To determine the practicality of problem-solving-based tests, the
data analyzed were the results of lecturer validation and student
responses. The result of problem-solving-based textbook that has
been compiled has met the validity criteria and practicality. In
addition, problem-solving-based textbooks have an effect on CLO.
Therefore, problem-solving-based textbooks are highly
recommended in improving students' CLO. This means that there
is an influence of problem-solving-based textbooks on CLO in the
Plant Ecology course. Therefore, problem-solving based
textbooks are highly recommended in improving students' CLO.
© 2025 Universitas Negeri Jakarta. This is an open-access article under the CC-BY license
(https://creativecommons.org/licenses/by/4.0)
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INTRODUCTION

Problem-solving skills play an important role in everyday life (Widyaningtyas et al., 2024).
Problems that arise in life have varying complexities. Problem solving is a mental process that includes
actions that find, analyze and solve problems. The purpose of problem solving is to eliminate and find
the best solution (Schafer, Reuter, Leuchter, et al., 2024)). In addition, problem solving is said to be
decision making (Wang et al., 2022). Problem solving is a form of high-level thinking (Antonio &
Prudente, 2024). Problem solving is not a separate topic but is integrated into the learning process
(Aydogan & Ozyiirek, 2020). Problem solving is an effective way to explore new ideas (Jannah &
Saifuddin, 2024). Problem solving as an activity that is mechanistic, systematic, and often associated
with an abstract concept (Schéfer, Reuter, Karbach, et al,, 2024). Problem solving is an activity that
requires knowledge of the subject matter and the selection of appropriate cognitive strategies to find a
means to achieve the desired results (Destiansari et al., 2024). Problem solving is an action that has
various mental processes and skills when reaching the correct conclusion. An individual with high
problem-solving skills can effectively use knowledge and can easily solve the problems faced.

The skills to carry out problem solving are not only related to the accuracy of the solution
obtained, but also the skills demonstrated since recognizing the problem, finding alternative solutions,
choosing one alternative as a solution, and evaluating the answers that have been obtained. Problem
solving skills are considered the most complex intellectual function (Surur et al, 2022). Problem
solving skills include thinking and reasoning skills, which also include metacognitive and critical
thinking skills (Leasa & Pelamonia, 2024). In addition, problem solving is closely related to cognitive
abilities. The cognitive abilities in question are logical abilities from remembering to creating (Susanti,
2018). Students who have problem-solving skills will be able to make decisions with careful
consideration. In solving problems, students will involve analytical and creative thinking.

Effective problem solving requires a truly sequential approach. Problem-solving skills, namely
(a) identifying problems, (b) identifying several problem-solving solutions, (c) choosing one solution
from the problem (Greenstein, 2012). Problem solving consists of defining the problem, exploring the
problem, planning a solution, implementing the plan, and evaluating the results (Costley et al., 2024).
Problem solving also involves students' willingness to accept challenges. Accepting challenges in this
context means that students are willing to find the right method to solve the problem (Ashman et al,,
2020). In general, problem solving consists of Understanding the problem, devising a plan, executing
the plan.

Problem solving can be a direction or reference for the learning process, it is included in
procedural abilities (Dulger & Ogan-Bekiroglu, 2024). Through problem solving, students are directed
to understand the concept as a whole (Rini et al., 2024). In understanding the concept, students begin
to remember a concept, understand, apply, apply, evaluate, and create (Anderson & Krathwohl, 2001).
Problem solving contributes to concept mastery (Schafer et al, 2024; Wang et al.,, 2022). Content
mastery is needed for the use of problem-solving strategies. Conversely, problem-solving performance
increases as a form of mastery of specific concepts (Aydogan & Ozyiirek, 2020).

Mastery of concepts in plant ecology courses is needed to train students in solving
environmental problems. Plant ecology is one of the sciences that aims to protect the surrounding
environment. In plant ecology, students are taught to understand the existence of plants in an area,
their roles, symbiosis, and other things that support balanced interactions in the ecosystem. Problem-
solving skills are needed to address current environmental problems wisely. The results of the initial
trial showed that 73% of students were not yet able to recognize environmental problems, and were
not optimal in understanding ecological concepts. Students' CLO is still limited to the cognitive level of
remembering, understanding, and applying. The ability to analyze has not been facilitated properly. In
fact, CLO plays a very important role, to be the basis for application and evaluation in plant ecology.

CLO has not been facilitated properly, because there are no adequate textbooks available. CLO
can be developed through problem solving. Several previous studies have reported that there is a
positive relevance between problem solving and CLO (Ashman et al., 2020; Banawi et al.,, 2024; Hasan
et al, 2019). Through problem solving, students are initiated to analyze causes and find solutions.
Problem solving has the advantage of providing contextual and comprehensive problems. This is very
much in line with the characteristics of Plant Ecology. Thus, the consequences obtained if not using
problem solving are feared that students will have difficulty analyzing a problem and finding the right
solution. The Plant Ecology textbook that was developed contains contextual problems and local
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potentials in the Kalimantan region. So that it gives a different impression from existing Plant Ecology
textbooks. Therefore, this study aims to develop a problem-solving-based textbook to improve
cognitive learning outcomes (CLO) in the Plant Ecology course.

METHODS
Research Design

The research method used is research and development, which refers to the 4D model (define,
design, development, and disseminate) developed by S. Thiagarajan, Dorothy S. Semmel, and Melvyn L.
Semmel in 1974. This research was conducted in the even semester of 2023-2024. The subjects in the
study were students who programmed the Plant Ecology course.

Population and Samples

The population in this study were all biology education students of the Faculty of Teacher
Training and Education, Borneo Tarakan University, totaling 312 students. Sampling was done
purposively. The sample in this study was students taking the Plant Ecology course in the 2023-2024
academic year, totaling 56 students.

Instrument

The instruments used in this study were questionnaires, validation sheets, and problem-
solving-based test instruments in the form of essay questions. The questionnaire used was a student
response questionnaire to the problem-solving-based Plant Ecology textbook. The questionnaire
consists of context, process, and content (Samsu et al, 2020). The validation sheet consists of
validation by material/content experts, learning media experts, and practitioners. The aspects of
material validity consist of the systematic presentation of the material, the relevance of the material to
learning outcomes, the suitability of the material to the level of student ability, the clarity of the
material description, the suitability of the presentation of problems to the material, and the accuracy
of the language structure used (modification from Lutfauziah et al., 2023). The aspects of the validity
of learning media consist of the clarity of the division of material in the textbook, the clarity of the
numbering system, the arrangement of space/layout, the selection of the appropriate font type and
font size, the suitability of the physical size of the book to the user, and the suitability of the images
used to the problems presented (modification from Sabri et al., 2023). The test instrument used was
10 essay question items covering the cognitive abilities of remembering, understanding, applying,
analyzing, evaluating, and creating (Anderson & Krathwohl, 2001). The test instrument used has been
tested for validity of Pearson Product Moment with a value of 0.451. The results of the Cronbach's
Alpha reliability test were 0.342.

Procedure

The procedures in this research and development consist of definition, design, development,
and dissemination (Figure 1). Define stage, a front-end analysis is carried out. An initial diagnosis is
carried out to improve the efficiency and effectiveness of learning. Student character analysis is also
carried out to determine the initial abilities of students. Analysis of concepts and learning objectives is
carried out for the preparation of materials. In the design stage, the preparation of test standards is
carried out by creating a grid for understanding concepts in the plant ecology course. The preparation
of the grid is adjusted to the results of the analysis of students' academic abilities. In addition,
designing teaching materials based on problem-solving that are in accordance with the Plant Ecology
sub-CPMK. In the development stage, the development of teaching materials is then carried out
through expert appraisal and developmental testing. Expert assessment is conducted to assess
teaching materials in terms of construction and content of the material. Valid teaching materials will
be tested with a total of 9 students with different academic abilities. The dissemination stage is
conducted to promote the product resulting from the development of problem-solving-based test
instruments on real targets or objectives. In addition, this stage is carried out to determine the
effectiveness of the product being developed. At the disseminate stage, an effectiveness test was
conducted using a quasi-experimental design. Two classes were used in this study. The experimental
class used the PBL model, while the control class used discussion-lecture.
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Figure 1. Flowchart for developing a problem-solving-based plant ecology textbook

Data Analysis Techniques

The data collection techniques used were questionnaires and tests. To determine the feasibility
of problem-solving-based test instruments, the data analyzed were the results of validation by
material experts and media experts. To determine the practicality of problem-solving-based test
instruments, the data analyzed were the results of lecturer validation and student responses referring
to the criteria of feasibility and practicality (Alwi et al.,, 2020). The effectiveness of problem-solving-
based textbooks was analyzed using ANCOVA to determine the effect of problem-solving-based
textbooks on CLO. Levene's homogeneity test and Kolmogorov-Smirnov normality test are conducted
before the hypothesis test.

RESULTS AND DISCUSSION

The results of the research and development of problem-solving-based textbooks in plant
ecology courses are effective in improving students' mastery of concepts. The following presents the
results of the research and development of problem-solving-based textbooks.

1) Define

The following presents the results of the analysis at the define stage (Table 1). The define stage
is carried out to know the basic needs for carrying out development. At the define stage, front-end
analysis, learner analysis, task analysis, concept analysis, and specifying instructional objectives.
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Table 1
Results of needs analysis at the define stage

No Define Stage Analyze result
1  Front-end Analysis - There are no problem-solving-based textbooks for plant ecology courses
- Students expect learning media that support learning about plant ecology
2 Learner Analysis - Students want real/contextual learning

- Students' CLO is not yet optimal. 73% are not yet able to analyze and evaluate
concepts in plant ecology.
- Students are not yet able to identify the causes and solutions to environmental
problems around them
3  Task Analysis - Students will be directed to carry out problem-solving based learning
- Students will be trained with high-level thinking questions to facilitate
problem-solving and CLO skills
4  Concept Analysis - The concept of plant ecology that will be taught is the principle of plant
ecology; characteristics of plant populations and communities; community
structure and community dynamics; vegetation parameters and analysis; the
concept of adaptation and indicator plants.

5 Specifying - Formulation of learning objectives through problem-solving based learning in
Instructional plant ecology courses enables students to improve their analytical, evaluation
Objectives and creative abilities.

Table 1 shows that the need for problem-solving-based textbooks is an important thing that
needs to be developed in Plant Ecology lectures. The results of the needs analysis show that there are
no problem-solving-based textbooks in plant ecology courses. whereas problem-solving has an
important role in everyday life, especially in environmental problems (Lutfauziah et al., 2023). In
addition, through problem-solving, students can think more critically (Topsakal et al., 2022).

Students also expect books that help them learn by presenting contextual things. Contextual in
learning makes it easier for students to remember and understand a concept (Sarip et al,, 2022).
Students' cognitive abilities also need to be improved in high-order thinking (levels of analysis,
evaluation, and creation). High-order thinking is the main thing that students must have to face the
challenges of the world of work (Dewi et al., 2020). After conducting a needs analysis, the next stage is
the design stage.

2) Design

After defining, the next step is to design a textbook and a grid for the student's conceptual
understanding test. Conceptual understanding consists of remembering, understanding, applying,
analyzing, evaluating, and creating. The conceptual understanding test consists of 10 essay questions.
The design of the textbook is adjusted to the stages in problem solving. The following is the design of a
problem-based textbook (Figure 2).
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Figure 2. Design of problem-solving based textbooks in Plant Ecology

Figure 2 shows that the developed Plant Ecology textbook integrates problem-solving aspects
to help students improve CLO. The plant icons used on the cover and in the sub-chapters use endemic
plants from Kalimantan. This aims to add interesting and contextual elements to the textbook. The use
of contextual images helps in understanding concepts (Ani et al,, 2017). In addition, the structure of
this textbook is made as consistent as possible from the basics of problem-solving skills (Magdalena et
al.,, 2020).

3) Develop
The developed teaching materials were then validated by material experts, media and
practitioners. Categorization follows (Alwi et al., 2020). The validation results are in Table 3.

Table 3
Validity Results of Material and Practitioners
No Validity Percentage (%) Criteria
1 Contents 88.00 Feasible
2 Media 85.00 Feasible
3 Practitioner 90.00 Very Feasible
d
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Table 3 shows that problem-solving-based textbooks have met the eligibility criteria of experts
in terms of learning materials and media. After expert validation, the next trial was conducted with 9
student subjects who had taken plant ecology courses. The results of the trial are in Figure 3.

Contexts 82

Process 85

Content

o
S

Figure 3. Results of the trial of the problem-solving-based Plant Ecology Textbook

Figure 3 shows the results of the practicality trial of problem-solving-based textbooks in the
Plant Ecology course from the context aspect of 82% practical criteria, the process aspect of 85%
practical criteria, and the content of 80% practical criteria. Valid and practical textbooks can then be
continued for effectiveness testing (Nursamsu et al., 2020).

4) Disseminate

This stage is conducted to test the effectiveness of problem-solving-based textbooks on
students' conceptual understanding. The effectiveness of problem-solving-based textbooks is carried
out using a pretest-posttest non-equivalent control group design. The results of descriptive statistics
are in Table 4.

Tabel 4

Descriptive statistics

Cognitive Learning Outcome (CLO) N Minimum Maximum Mean SD

Pretest PBL 27.00 22.00 46.00 37.00 6.51
Postest PBL 27.00 80.00 87.00 83.00 2.74
Pretest konvensional 25.00 32.00 56.00 42.00 5.74
Postest konvensional 25.00 80.00 88.00 82.00 3.56

Table 4. Explains the results of descriptive statistics from the pretest and posttest of the PBL
class and the Conventional class. The standard deviation in the PBL class post-test 2.74 is smaller than
the average value, meaning that the data is well distributed. This also occurs in the Conventional class.
Hypothesis test results Table 5.

Table 5

ANCOVA Results of Concept Mastery

Source Type III Sum of Squares df Mean Square F Sig. F Table
Corrected Model 1321.812 2 1321.81 5.24 .00 2.38
Intercept 26158.22 1 26158.22 450.21 .00

Xcognitive learning 1283.62 1 1283.62 6.21 .00 2.38
outcome 11904.25 1 117.20

Class 13621.11 52

Error 241698.00 50

Total 24712.00 49

Corrected Total

a.R Squared =.233 (Adjusted R Square =.152)
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The results of the study showed that the post-test scores of students in conventional learning
classes and PBL classes were different. This means that there is an influence of problem-solving-based
textbooks on students’ mastery of concepts in the Plant Ecology course. This is in accordance with the
results of research, which explain that problem-based learning can increase CLO (Trihastuti et al,,
2019; Zaidah & Hidayatulloh, 2023).

The development of problem-based textbooks is an appropriate learning medium to improve
students' CLO. This is in accordance with the results of research, which state that to solve problems,
students need to explain in detail and make plans (Miller-Cotto et al., 2022; Riyadi et al., 2021). The
textbooks developed contain worksheets that serve as guides for the learning process and improve
concept mastery. Good worksheets will help students master concepts (Maharani & Marhamah, 2024).

The difference in CLO in the control class and the experimental class occurs because in
learning in the experimental class, students are fully facilitated to solve a problem. In solving
problems, students think systematically from the most basic things. Students are asked to recognize
the problem. The process of recognizing problems starts with recognizing a concept. After recognizing
the problem, students are directed to plan activities to solve the problem. The preparation of a
problem-solving plan is closely related to cognitive components from the lowest to the highest
cognitive levels (Gunawan et al., 2020; Pradestya et al., 2019).

Problem-solving-based textbooks in the Plant Ecology course consist of problem-based
learning steps. The problems contained in this textbook are environmental problems that occur
around. Contextual problems contribute greatly to students' success in understanding concepts
(Hasan et al, 2019). In addition, problem-solving-based textbooks provide additional knowledge
content, which increases students' interest in reading. The images presented in the textbook are also
images that are around. Another advantage provided by problem-solving-based textbooks is that these
books gradually accompany students to practice high-level thinking. The high-level thinking process in
question starts from the cognitive level of analyzing to evaluating (Banawi et al., 2024). Problem-
solving-based textbooks contain a systematic presentation of material and have an attractive visual
design.

Problem-based learning helps students learn to be sensitive to problems that occur (Bariyyah,
2021; Kartini et al., 2021). Through this sensitivity, students are challenged to explore their curiosity.
Then, learn to identify the cause of a problem. Identification is an activity in learning that can help
students explore and apply a concept (Afnan et al., 2023). After identifying the problem, students are
directed to prepare a problem-solving plan. In preparing a problem-solving plan, students collect data,
supporting theories, and relevant facts to solve the problem (Aslan, 2021; Roosyanti & Suryarini,
2024). The next problem-solving process is to carry out the plan that has been prepared. In
formulating a solution, students are asked to note down things that are obstacles. In this case,
obstacles can be technical and financial. Obstacles in implementing the next activity will be reflected in
the evaluation activity. In the final activity, students are asked to present the results of the problem-
solving activity. Each group is required to provide suggestions, questions, or responses. In providing
responses or suggestions to other groups, students have evaluated or formulated a new idea to
overcome the problems faced (Ebrahim & Brown, 2022). This research is limited to the Plant Ecology
course, so for further research, it is necessary to develop problem-solving-based textbooks in other
similar courses. Other similar courses are Conservation, Environmental Education, and Environmental
Ecology.

CONCLUSION

This study concludes that the development of problem-solving-based teaching materials for
Plant Ecology courses is valid and practical, as well as effective in improving students' conceptual
understanding.
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