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ABSTRACT RESEARCH ARTICLE
Critical analysis (CA) skills are crucial in higher education and should be incorporated

into the curriculum at that level. The unique characteristics of abstract biology materials ARTICLE
: . . : N N INFORMATION
and the involvement of prospective Biology teachers (PBTs) in scientific investigation Received:
activities make them highly relevant for teaching CA skills. Inquiry activities require 02.01.2023'
teaching materials or textbooks that explicitly engage science teacher trainees in science Accepted:
process skills (SPS) activities. For effective inquiry-based learning (IBL), appropriate 30.10.2023
textbooks are essential. Therefore, in this study, a Plant Anatomy and Development
textbook based on SPS was utilized as a tool to develop CA skills. The main objective of KEYWORDS:
the study was to assess the impact of SPS-based PADT on PBTs' CA skills in the Plant Textbook, plant

Anatomy and Development (PAD) course. To achieve the research objectives, a quasi- anatomy and

experimental research design with a pretest-posttest control group was implemented. The
research sample consisted of fifty-five prospective teachers who were selected through
purposive sampling. They were divided into two groups: the experimental group (n=28)
and the control group (n=27). To analyze the students' critical analysis skills, twelve valid
and reliable essay items were utilized. The research findings indicated that the
experimental group exhibited a significantly greater cognitive gain (>0.70) compared to
the control group (0.30 <n-gain < 0.70) (p <0.05).
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Introduction

The learning process in higher education places significant emphasis on the active transfer of
information (Hamouda & Tarlochan, 2015; Hincapié Parra et al., 2018) and autonomous cognitive
aspects (Guo & Wang, 2021; Mystakidis et al., 2019) in order to enhance the thinking skills of
prospective teachers (Heijltjes et al, 2015). However, thinking skills cannot be acquired
simultaneously, and they are typically viewed as a byproduct of learning in general (Davies, 2013).
Consequently, specific learning activities targeting thinking skills are necessary (Halpern, 2014).
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Additionally, there is still ongoing debate regarding the most effective approaches for teaching these
skills (Davies & Barnett, 2015; Tiruneh et al., 2014). Critical analysis is considered one of the crucial
thinking skills that need to be cultivated (Fitriani et al., 2019), alongside problem-solving, effective
communication, collaboration, creativity, and innovation (Christian et al., 2021).

The primary objective of the present study is to investigate the efficacy of scientific-inquiry-
oriented learning, specifically when accompanied by teaching materials that actively engage
prospective teachers in scientific investigations (Kruit et al., 2018; Lazonder & Harmsen, 2016).
Additionally, the study aims to address the imperative of enhancing critical thinking (CT) abilities, as
previously discussed. While numerous studies have explored the utilization and effectiveness of
inquiry-based learning (IBL) in fostering CT skills (Davenport Huyer et al., 2020; Pahrudin et al., 2021;
Rusmansyah et al., 2019), there exists a gap in assessing the impact of the Plant Anatomy and
Development Textbook (PADT) and its implementation in IBL for the enhancement of prospective
biology teachers' (PBTs) CT skills.

A number of empirical studies have demonstrated the significance of acquiring critical
analysis skills (Haerazi et al., 2021; Karantzas et al., 2013; Wale & Bishaw, 2020). Unfortunately,
students tend to exhibit limited improvement in their thinking skills (Flores et al., 2012; Pascarella et
al., 2011), particularly in critical analysis (CA) skills (Fitriani et al., 2019a) during their college and
post-college years (McLaughlin et al., 2014). This situation leads to numerous instances of college
graduates facing difficulties in employment due to their lack of thinking skills (Alsaleh, 2020; Arum et
al., 2012), including CA skills. In today's digital era (Klimova, 2013), where the verification of
information is crucial (Haug & Mork, 2021; Knight & Horsley, 2013; Panto & Comas-Quinn, 2013;
Spector & Ma, 2019), CA skills are indispensable. However, several authors argue that the teaching of
CA skills is inconsistent (Sotiriadou & Hill, 2015) due to teachers' or lecturers' limited knowledge
about the subject (Fitriani et al., 2019), the belief that conceptual knowledge alone guarantees success
in employment (Wale & Bishaw, 2020), and the lack of teaching materials explicitly designed to
enhance students' CA skills (Barsoum et al., 2013; Mena, 2019).

The SPS-based PADT utilized in this investigation has been demonstrated to possess validity
and reliability (r=0.77) with regards to its content and construct (Fitriani et al., 2019a). Nevertheless, its
effectiveness in relation to CA skills has not been previously examined. The PAD course possesses
abstract characteristics and tends to be experimental, focusing on the structure and development of
seed plants. The PADT, which was developed based on SPS, encompasses a variety of topics,
including cell structure and development, tissues, and reproductive organs. The objective of this study
is to evaluate the impact of SPS-based PADT on the CA skills of PBTs. In this study, CA skills are
defined as the ability to break down information into smaller components in order to attain a more
comprehensive understanding. This is measured through indicators such as organization, association,
interpretation, evaluation, reflection, and decision-making. The two research questions guiding this
study are: (1) What is the effectiveness of SPS-based PADT in enhancing the critical analysis skills of
prospective Biology teachers? and (2) How does the implementation of SPS-based PADT influence the
development of Critical Analysis (CA) skills among prospective Biology teachers?

Literature Review

Analyzing problems requires cognitive skills to break down information or knowledge into
smaller parts in order to gain a comprehensive understanding (Anderson & Krathwohl, 2001; Muhali
et al., 2021). Critical analysis is developed through cognitive strategies that aim to guide appropriate
decision-making (Ennis, 2018). This is done by considering the strengths and weaknesses of different
alternative strategies and the resulting needs (Facione, 2020; Muhali et al., 2019). Critical analysis
involves organizing information, making connections between the different parts or variables in the
information (association), interpreting data, reflecting on the evaluation process, and making
decisions based on formulated concepts and problem-solving (Fitriani et al., 2019b).
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Critical analysis is related to both critical thinking and problem-solving (Brookhart, 2010;
Karantzas et al., 2013), which are essential for accurately interpreting information (Sotiriadou & Hill,
2015). The connection between critical analysis and the enhancement of cognitive skills and the
facilitation of effective problem-solving is becoming increasingly clear, given the significant role that
critical analysis plays in these areas. Therefore, it is crucial for individuals to actively engage in
extensive educational pursuits that embrace the principles of critical analysis. This will enable them to
acquire the necessary skills to effectively analyze information and make well-informed judgments
(Eggen & Kauchak, 2012; Fisher, 2011; Fitriani et al., 2019b; Woolfolk Hoy et al., 2013).

Critical thinking and problem-solving abilities are essential skills that students must acquire
during their higher education. These skills are crucial for future educators as they help them
comprehend the connection between scientific theory and practical application (Thomas, 2011).
Additionally, these skills equip educators to address novel and ambiguous problems (Caesar et al.,
2016) and promote active communication and collaboration (Heritage et al., 2016; Morris et al., 2013).

While the theoretical foundations of critical thinking (CT), creative thinking (CA), and
problem-solving may seem distinct (Fitriani et al., 2019a), these concepts are intricately intertwined
(Karantzas et al., 2013). Critical thinking involves a range of skills, including interpretation, analysis,
evaluation, inference, explanation, and self-regulation (Facione, 2020). It is used to assess ideas and
problem-solving strategies, leading to decision-making related to strategy selection, refinement, and
practical application (Ennis, 2018; Ruggiero, 2015). The development of critical thinking requires
procedural activities such as organizing, associating, interpreting data, evaluation, reflection, and
decision-making (Fitriani et al., 2019a). These activities are also fundamental components of creative
thinking and problem-solving.

A textbook holds significant importance as a tool for effective learning (Dancy et al., 2016). It
has the potential to enhance learners' competence and effective communication when implementing
learning models or strategies (Hidayatulloh et al., 2020; Knight, 2015). Textbooks play a crucial role as
a source of learning for students (Barsoum et al., 2013; Mena, 2019), particularly in the field of Biology,
where knowledge formation and the development of scientific attitudes are emphasized through
experimental activities (Sormunen & Serdar, 2014). Textbooks that incorporate scientific process skills
(SPS) serve as valuable learning resources and mentors for students, connecting procedural, factual,
conceptual, and metacognitive knowledge (Madsen et al., 2016). SPS is a skill that students should
acquire through active scientific investigation, by posing and answering questions (Asy'ari, Fitriani, et
al., 2019; Lee, 2014). The Plant Anatomy and Development textbook, which is grounded in scientific
process skills (SPS), provides comprehensive instructional materials and guidelines. It effectively
integrates SPS to assist instructors in fostering students' scientific abilities and promoting interactive
and student-centered learning experiences. Additionally, it aids students in comprehending complex
concepts related to plant anatomy and development (Fitriani et al., 2019b).

The integration of SPS in the materials of the Plant Anatomy and Development textbook
assists prospective teachers in conducting simple observations/experiments, discovery, problem
analysis, problem-solving, and communication of new knowledge. Scientific activities are presented in
the form of exploration worksheets, while questions help develop students' critical analysis skills. In
line with this, Holmes et al. (2021) assert that textbooks should incorporate the principle of visible
learning or evidence-based learning to address various aspects of students' learning, such as attention,
memory, and executive control (planning and problem-solving), in order to foster their cognitive skills
and engage in critical analysis.

Learning emphasising SPS is the best way to train thinking skills (Rénnebeck et al., 2016;
Sambudi et al.,, 2023) because it involves prospective teachers directly in scientific reasoning,
compiling experimental procedures, data interpretation, and critical thinking (Schallert et al., 2020;
Wirzal, Halim, et al., 2022). SPS consists of two categories, i.e., basic SPS and integrated SPS (Aktamis
& Yenice, 2010; Bulent, 2015). Basic skills including observation, classification, communication,
measurement, prediction, and inference, while integrated skills including variable identification, data
table preparation, graphing, describing relationships between variables, data acquisition and data
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processing, analytical investigations, hypothesis formulation and variable definition operational
(Asy’ari, et al., 2019). The integrated SPS particularly is necessary to conduct an investigation to solve
problems (Lazonder & Egberink, 2014). However, prospective teachers did not understand SPS clearly
(Asy’ari et al., 2019; Durmaz & Mutlu, 2017) and so it has a low impact on their CA-skills (Fitriani et
al., 2019b).

Methods
Research Design

A quasi-experimental research study was conducted to assess the impact of SPS-based PADT
on the critical analysis skills of PBTs. The study utilized a pretest-posttest control group design, as
described by Fraenkel et al. (2012). The posttest data from both the experimental and control groups
were analyzed to achieve the objectives of the research. The sample underwent six meetings, during
which pretest and posttest data were collected at the beginning and end of each meeting, respectively.
The pretest data of the sample were employed as a covariate to account for any initial variations in the
critical analysis skills of the PBTs who participated in the study. Table 1 provides an illustration of the
research design.

Table 1

Research design

Group Pretest Treatment Posttest
Experimental CAS test Inquiry-based with SPS based-PADT  CAS test
Control CAS test Conventional CAS test

Research Sample

The participants in this study were selected from the biology education programme at
Universitas Pendidikan Mandalika. Specifically, the sample consisted of prospective Biology teachers
who were enrolled in the Plant Anatomy and Development course during the even semester of
2021/2022. The total number of participants was 55, divided into two groups: the experimental group
(n=28, male=11, female= 17, age= 20) and the control group (n=27, male= 12, female= 15, age= 20).

Instrument and Procedure

The critical analysis skills of BPT were evaluated through twelve essay items. The instrument
demonstrated a content validity of 3.83 and a construct validity of 3.87. Moreover, it exhibited high
reliability, with a content reliability of 0.97 and a construct reliability of 0.98 (Cronbach's Alpha: 0.78)
(Fitriani et al., 2019a).

The instruments were utilized to evaluate the initial critical analysis skills of pre-service
biology teachers (PBTs) through a pretest, as well as the impact of the treatment on the critical analysis
skills of PBTs through a posttest. The experimental group received inquiry-based learning with SPS-
based Problem Analysis and Decision-Making Technique (PADT) (refer to Appendix 1), while the
control group received conventional learning in the form of group discussions. Both groups were
taught the same instructional material for a duration of 2 x 45 minutes per session. The integrated
skills, which encompassed variable identification, data table formulation, graph formulation, variable
association, data collection and processing, analysis, hypothesis formulation, and operational
definition of variables (Asy'ari, Fitriani, et al., 2019), were incorporated into PADT in this study by
employing scientific activities in the form of exploration worksheets.

536



Fitriani, Asy'ari, Zubaidah, Mahanal & Samsuri, 2024

Data Analysis

Critical analysis skills were assessed in a descriptive and statistical manner. The improvement
in these skills was reflected by the mean scores obtained by the students for each indicator. The total
score was analyzed using the following formula: n-gain = (posttest score - pretest score) / (maximum
score - pretest score). Subsequently, the scores were divided into three categories: low (score < 0.30),
moderate (0.30 < score < 0.70), and high (score > 0.70) (Hake, 1999). The responses of prospective
teachers were analyzed using a critical analysis marking key, which assigned scores ranging from 1 to
4 (Fitriani et al.,, 2019b). The responses were then categorized based on Finken and Ennis's (1993)
categories (Table 2).

Table 2

BPT critical analysis skills categories

Categories Score
Not yet visible or still underdeveloped 1-2
Start developing or developing well 3-4

The impact of SPS-based PADT on PBTs' critical analysis skills was examined through the
utilization of the analysis of covariance (ANCOVA) test, incorporating the pretest score as a covariate.
Additionally, an independent-sample t-test was performed. Before conducting a parametric statistical
test (t-test), the normality and homogeneity of the research data were assessed using the one-sample
Kolmogorov-Smirnov and Levene's tests. The research data was determined to exhibit normal
distribution with homogenous variance at p > 0.05 (alpha level). The statistical analysis was conducted
using IBM SPSS 23, with a significance level set at 0.05.

Findings

PBTs" CA-skills descriptively improved according to n-gain score obtained both in the
experimental and control group (Table 3). However, the category of PBTs’" CA-skills in the
experimental group obtained better improvement (high category) than the control group (moderate
category). These findings indicate that the SPS-based PADT used as a learning resource and media can
improve PBTs" CA-skills. Inquiry learning using SPS-based PADT facilitates PBTs in conducting
experiments through identifying problems, formulating hypotheses, collecting and analyzing data,
evaluating hypotheses, and generalizing results. In contrast to the control class which was taught
using conventional learning (exploratory learning) without the support of SPS-based PADT, PBTs are
asked to make summaries from various reading sources to identify images or solve problems given
without conducting experiments/inquiry activities.
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Figure 1

PBTs practicum results in the experimental group

Epidermis

Glandular
trichomes

Plant anatomy is a branch of biology that focuses on the microscopic structure of plants. It
involves examining plant structures through incisions and observing them under a microscope.
Including practicum activities in plant anatomy can greatly enhance learning by allowing students to
interact with materials and observe phenomena firsthand. One example of such materials is the
epidermis, which is a protective tissue that prevents water loss, mechanical damage, temperature
fluctuations, and nutrient depletion in plants. Epidermal cells and their derivatives are found
throughout the outer parts of the plant body and form the skin tissue system, which includes the
epidermis itself, stomata, trichomes, lithosis, fan cells, silica cells, and other components. By carefully
observing these materials, students can analyze the different types of epidermal derivatives present.
In the experimental group, the students used a 4x10 magnification to examine the following samples
during the practicum: Corn leaf stomata (Zea mays) (Figure 1a), Peanut leaf stomata (Arachis hypogen)
(Figure 1b), hibiscus leaf trichomes (Hibiscus tiliaceus) (Figure 1c), Durian leaf trichome (Durio
zibethinus) (Figure 1d), and Nettle leaf trichome (Fleurya interrupta) (Figure le).

Table 3

Critical analysis skills improvement

Group Items Indicators
@) A I E R DM
Experimental =~ Pretest 1.64 1.75 1.64 1.54 1.50 1.36
Posttest 3.29 3.46 3.50 3.57 3.36 3.29
n-gain 0.70 0.76 0.79 0.83 0.74 0.73
Control Pretest 1.56 1.59 1.48 1.59 1.59 1.52
Posttest 2.78 2.78 2.56 2.56 2.63 2.52
n-gain 0.50 0.49 0.43 0.40 0.43 0.40

Note. O= Organizing, A= Associations, I= Interpretation, E= Evaluation, R= Reflection, DM= Decision making

The divergent treatments administered to the two groups yield disparate outcomes. The
experimental group exhibited a superior enhancement of PBTs' CA skills, as evidenced by all the
identified indicators in this study, when compared to the control group (Figure 2). These findings
cannot be dissociated from the profound emphasis placed on PBTs in the experimental group,
wherein they were instructed to procure practical resources to accomplish learning objectives aligned

538



Fitriani, Asy'ari, Zubaidah, Mahanal & Samsuri, 2024

with the assigned topic, establish test protocols, interpret outcomes, engage in analytical activities, and
make inferences.

Figure 2

The comparison of experimental and control group improvement

i

Organizing  Assodations Interpretation Ewaluation Reflection Dedision
making

Score
]
=1
=)

[=T )
[=]

Indicators

M Experimental pre-test M Experimental post-test W Experimental n-gain

Control pre-test M Control post-test m Control n-gain

There was a notable disparity in the critical thinking abilities of the participants in the
experimental group and the control group (p < 0.05; experimental mean = 3.4106; control mean =
2.6359). These results suggest that the SPS-based PADT, employed as instructional materials in the
experimental group, substantially enhanced the participants' critical thinking abilities (Table 4).

Table 4

The comparison of SPS-based PADT impact on BPT critical analysis

Group Item N Mean Std. Dev t df p
Experiment 28 3.4106 .25850

Posttest 12.014 3 .
Control osTes 27 26359 21705 0 > 000

The initial knowledge of prospective teachers can be assessed through pretest scores. To
reinforce the assumption that the improvement in PBTs' CA-skills was due to the use of SPS-based
instructions rather than other variables (pretest), an ANCOVA test was conducted, using the pretest
score as a covariate (see Table 5). Although previous research has shown that students' prior
knowledge plays a crucial role in the development of higher-order thinking skills (Martin et al., 2019;
Piekny & Maehler, 2013), in the present study, students' prior knowledge (pretest) did not have a
significant impact on PBTs' CA-skills (p > .05). These findings suggest that APDT based on SPS has a
significant positive effect on enhancing PBTs' CA-skills.

Table 5

The initial knowledge impact on BPT critical analysis

Source Type III Sum of Squares df Mean Square F p
Corrected Model 8.4622 2 4.231 78.113 .000
Intercept 6.519 1 6.519 120.364 .000
Pretest 213 1 213 3.925 .053
Group 8.139 1 8.139 150.268 .000
Error 2.816 52 .054

Total 516.331 55

Corrected Total 11.278 54
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Discussion

This study investigates the impact of utilizing SPS-based PADT on the CA skills of PBTs. The
results indicate that the experimental group, instructed with SPS-based PADT, exhibited a notable
improvement in CA skills compared to the control group. Textbooks have a vital role in science
education, especially in the field of biology (Hultén, 2016). They can enhance learning outcomes and
facilitate effective communication of learning models and strategies (Fitriani et al., 2019a). However,
biology materials, which encompass factual, conceptual, and procedural knowledge, necessitate a
structured presentation rooted in scientific methods (Rofieq et al., 2021). In this context, SPS functions
as the basis for constructing scientific knowledge (Asy'ari et al., 2019; Nur, 2011) and is crucial for
delivering biology teaching materials without introducing bias into the learning process (Dancy et al.,
2016).

The Science Process Skills (SPS)-based Problem Analysis and Design Tool (PADT) was
developed to align with the key features of science as a body of knowledge, the exploration of nature,
critical thinking abilities, and the interplay between nature, technology, and society. These features are
in line with the fundamental principles of science as a process (Molefe & Stears, 2014), which are
typically implemented through the inquiry-based learning model (Ronnebeck et al., 2016), particularly
in the context of science education (Pedaste et al., 2015). Inquiry-based learning places emphasis on
formulating scientific inquiries, developing evidence-based conclusions, and engaging in discussions
about scientific concepts (Furtak et al., 2012). In this study, inquiry-based learning is implemented by
guiding Problem-Based Tasks (PBTs) in (1) formulating experimental procedures, (2) analyzing and
evaluating experimental results, and (3) discussing and communicating the findings (Figure 1). These
learning activities promote the active involvement of PBTs in their learning process, which has been
found to effectively enhance the component of critical thinking and analytical skills when using the
SPS-based PADT. The positive impact of inquiry-based learning on the science learning outcomes of
PBTs has been extensively demonstrated. The findings indicate that 77% of prospective science
teachers provided positive feedback and believed that inquiry-based learning could improve
understanding and academic skills (McLoughlin et al., 2014). In support of the results of this study,
Sotiriou et al. (2020) emphasized that the experience of inquiry-based learning can contribute to a
deeper understanding of scientific concepts.

Based on the perspective of meaningful learning, learners should be provided with
continuous opportunities to develop scientific knowledge and skills (Mtshali & Msimango, 2023;
Mystakidis, 2021; Wirzal, Nordin, et al., 2022) through inquiry-based learning. The process of inquiry-
based learning not only enables students to generate scientific knowledge and develop an
understanding of concepts related to the learning materials (Muhali et al., 2021), but also assists
students in engaging in scientific practices (Alhendal et al., 2016) to cultivate critical thinking and
analytical (CA) skills through activities such as observation, questioning, evaluation and management
of information, data analysis, interpretation, explanation, and cognitive regulation (Asy'ari et al., 2019;
Mubhali et al., 2019). The enhancement of PBTs' CA skills in inquiry-based learning with the SPS-based
PADT is further supported by practical activities that promote scientific behavior, application of prior
knowledge, and construction of new knowledge. This is evidenced by the substantial increase in the n-
gain score of PBTs' CA skills in the experimental group, which falls within the high category (n-gain >
0.70) for each indicator (Figure 3). In contrast, the CA skills of PBTs in the control group also exhibited
improvement, but it was in the moderate category (0.30 < n-gain < 0.70). We need some indication as
to why BOTH groups benefited. Although research findings suggest that hands-on activities may not
always be effective in improving students' conceptual understanding (Pfaff & Weinberg, 2017;
Septaria & Rismayanti, 2022), there are still many students who lack confidence, and the
implementation of inquiry-based learning can assist them in achieving positive learning outcomes
(Ebrahim, 2012). Moreover, the results of other empirical studies have also demonstrated similar
findings to this study, where learning that incorporates hands-on activities increases students'
scientific behavior (Kilic et al., 2011; Prokop & Fancovic¢ova, 2017), performance, motivation, and
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participation in science learning (Erickson et al., 2020; McDonald et al., 2017). However, it is worth
mentioning that these studies were conducted with primary and middle school students and did not
explicitly focus on PBTs' CA skills, as was done in this study.

Inquiry-based learning using SPS-based PADT demonstrated a significant impact (p < 0.05) on
the critical thinking (CA) skills of prospective biology teachers (PBTs) (Table 5). The experimental
group exhibited a higher mean score for CA skills (mean = 3.4106) compared to the control group
(mean = 2.6359). The results indicated that the CA skills of the experimental group were categorized as
either starting to develop or developing well (score = 3-4), while those of the control group were
categorized as not yet visible or still underdeveloped (score = 1-2). The effectiveness of SPS-based
PADT was further supported by the ANCOVA test, where the PBTs' pretest scores were used as a
covariate (Table 6). The results revealed that the PBTs' prior knowledge (pretest) did not have a
significant effect (p > 0.05) on their CA skills. These findings suggest that SPS-based PADT in the
experimental group was the primary factor contributing to the improvement of PBTs' CA skills. The
integration of SPS features in experimental activities, thinking skills, and conceptual contextualization
within SPS-based PADT, along with a conducive learning environment, enhanced PBTs' motivation to
learn. Consequently, this had a positive impact on the improvement of their CA skills. Our findings
align with the research of Ekmekci and Gulacar (2015), who found that learning through experimental
activities resulted in increased student engagement, motivation, collaboration, and communication.
Furthermore, other studies evaluating the impact of inquiry-based learning (Prayogi et al., 2018),
collaborative learning, and problem-based learning (Karantzas et al., 2013) share theoretical features
relevant to the SPS-based PADT employed in our study. Our study contributes to the body of
knowledge by demonstrating a positive impact of the implemented treatment on the development of
critical thinking skills and CA skills among prospective teachers.

On the other hand, previous studies have found that inquiry-based learning is not more
effective in improving critical thinking dispositions (Arsal, 2017) and the construction of scientific
explanations (Jantrasee, 2022) compared to learning in the control group. It has also been negatively
correlated with learning outcomes (Cairns & Areepattamannil, 2019). Students taught using intensive
or frequent investigation-based learning tend to have a negative impact on science learning outcomes
(Teig et al., 2018). These results contradict another study that demonstrated a significant impact of
inquiry-based learning on PBTs' CA-skills (p< 0.05) and showed better learning outcomes compared to
conventional learning in the control group. These different results may be attributed to differences in
the context and methodologies used (Kwan & Wong, 2015; Qing et al., 2010). In this study, IBL was
supported by the use of SPS-based PADT to enhance PBTs' CA-skills. Consistent with the findings of
this study, Sari et al. (2020) discovered that the IBL environment has a positive effect on the
development of scientific process skills and STEM awareness. SPS in this study assists PBTs in
organizing the process of investigation and knowledge construction in science learning (Kruit et al.,
2018). Furthermore, PBTs' skills in interpreting, analyzing, evaluating (Asy'ari et al., 2019), and
learning autonomy (Constantinou et al., 2018; Kacar & Balim, 2021; Yildiz-Feyzioglu & Demirci, 2021)
can be improved.

Conclusion and Implications

The findings of this study suggest that inquiry-based learning (IBL) with Self-Regulated
Learning (SRL) Problem Analysis and Decision Making (PADT)has a significant impact on the critical
thinking (CT) skills of prospective teachers. The experimental group demonstrated a greater
improvement in CT skills compared to the control group. The initial knowledge of the prospective
teachers, which was found to be homogeneous, did not significantly affect the development of CT
skills. This strengthens the conclusion that SRL-based PADT effectively enhances the CT skills of
prospective teachers. The results indicate that SRL-based PADT is a valuable teaching tool for
improving CT skills among prospective teachers. To achieve the desired learning outcomes in CT
skills, educators should carefully consider and prepare for the integration of higher-order thinking
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skills (HOTS) and learning models that encourage active learner participation. While this study
focused solely on CT skills, it is worth noting that these skills are closely linked to other thinking skills
such as problem-solving, metacognition, and critical thinking. Therefore, future studies should
explore the impact of learning models such as problem-based learning, cooperative learning, and
cognitive conflict learning, which are believed to have the potential to enhance students' thinking
skills. Furthermore, it is important to investigate the impact of SRL-based PADT on prospective
teachers' CT skills using a wider range of teaching materials beyond those used in this study.
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Appendix 1

Sample of Lesson Plan Procedures

Stage 1: Introduction (10 minutes)

¢ Begin by discussing the importance of plants in our daily lives and their role in ecosystems. For
example, presenting a phenomenon or problem like: “Imagine a world where our understanding
of plant tissues and their derivatives holds the key to addressing critical global challenges. As
prospective biology teachers, you are tasked with exploring the intricate world of plant anatomy
and development, focusing on how plants produce tissues that serve as the building blocks for
an array of essential products. From textiles like cotton to natural rubber, timber for
construction, and even life-saving pharmaceuticals derived from plants, these tissues have a
profound impact on our lives and the environment. But how do plants manufacture these
valuable materials at the microscopic level, and what ecological and economic implications do
these processes carry? To prepare you for your role in teaching the next generation, let's embark
on an inquiry-based journey to understand how plant tissues give rise to these vital derivatives
and the complex web of interactions that make it all possible.”

o Share the lesson objectives with the students.

o Ask students what they already know about plant tissues and derivatives, and record their
responses on the board.

Stage 2: Engage (15 minutes)

e Show images of different plant tissues on the projector.

o Ask students to make observations and discuss what they see.

e Prompt questions like: "What differences do you notice in the tissues?" and "Why do you think
plants have different types of tissues?"

Stage 3: Explore (30 minutes)

e Distribute microscopes and prepared slides of plant tissues.

¢ In small groups, students will examine the plant tissue slides.

e Encourage them to record their observations and make sketches in their lab notebooks.

e Students should try to identify the types of tissues they see (e.g., epidermal tissue, xylem,
phloem, etc.)

Stage 4: Explain (20 minutes)

e Have a class discussion about the different types of plant tissues observed.

e Use the diagrams provided in handouts to explain the functions and roles of various plant
tissues.

e Discuss how these tissues contribute to plant growth and development.

Stage 5: Elaborate (15 minutes)

e Show examples of plant derivatives (e.g., zea mays, Arachis hypogea, Hibiscus tiliaceus).

o Discuss how these derivatives are obtained from different plant tissues.

o Ask students to think about the ecological significance of these derivatives.

e Encourage students to share any personal experiences or knowledge related to plant derivatives.

Stage 6: Evaluate (10 minutes)

e Assign a homework assignment: Have students research and write a short essay on the
importance of plant tissues and derivatives in modern society.

e Review the main concepts discussed in the lesson.

e Answer any questions or concerns the students may have.

Stage 7: Reflection (5 minutes)

e Summarize the key takeaways from the lesson.

e Emphasize the relevance of plant tissues and derivatives in biology education.

e Encourage students to explore more about plants and their applications in their future teaching
careers.
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