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ABSTRACT

Science communication skills are crucial for science teachers but are often neglected in traditional
inquiry-based learning. This study addresses this gap by revising the inquiry-based learning model to integrate
communication strategies, aiming to promote the science communication skills of pre-service science teachers
in Thailand. The study involved 25 third-year pre-service science teachers enrolled in a science program at
a Rajabhat University in central Thailand. The learning model was developed using a research and
development process. Research instruments included lesson plans, science communication skills tests, and a
science learning achievement test. Data analysis was conducted using percentage, mean, standard deviation,
relative gain score, and a t-test for dependent samples. The redesigned inquiry learning model featured five
steps: engagement, exploration and inference, logical explanation, analytical elaboration, and evaluation.
Results showed that after learning with this model, pre-service teachers achieved the highest mean scores in
summarizing scientific concepts, followed by interpreting data with scientific evidence, and explaining
scientific phenomena. Additionally, the relative gain scores of science communication skills increased
significantly, moving from moderate to very high levels across seven phases. The posttest mean score for
science learning achievement was also significantly higher than the pretest score (¢t = -15.19, p < .001).
This innovative approach demonstrates the potential of combining inquiry-based learning with communication
strategies to effectively enhance science communication skills and overall learning achievements of future

science teachers.
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Introduction

Science communication skills are essential in effectively transferring data, drawing scientific
conclusions, interpreting empirical evidence, and explaining scientific phenomena [1-5]. These skills can be
assessed through communication behavior evaluations using science communication skill assessment forms
[2, 6-7]. They are vital for keeping the public informed about global situations, climate changes, scientific
innovations, and technologies [2, 4, 8]. Additionally, they empower individuals to make informed decisions
based on evidence and reason, such as disease prevention in healthcare [9], adapting to environmental
changes, and making quality food choices [10, 11]. For scientific knowledge senders, particularly science
teachers, these skills are indispensable [12]. Science teachers play a crucial role in developing students’
understanding of scientific concepts [13]. A thorough grasp of scientific principles enables teachers to help
students comprehend scientific content, develop a genuine understanding of science, explain natural
phenomena, and present scientific data effectively [14].

In Thailand, Rajabhat Universities serve as educational institutions with the primary mission of
producing and developing teachers across all disciplines, including science teachers. Their core responsibility
is to prepare students to effectively perform teaching roles in various subjects at schools and to advance in
their professional teaching careers. One of the expected learning outcomes of the science teacher education
program is that graduates must be capable of conducting science instruction at the basic education level with
professionalism.  Additionally, they are expected to possess essential 21st- century skills, including
communication skills specifically, the ability to use both verbal and written communication effectively and
appropriately [15]. Reviewing relevant research studies and documents revealed that pre- service science
teachers undergoing teacher development processes lacked sufficient science communication skills to
effectively transfer scientific knowledge to students [ 16]. To explore this issue further, the researcher
interviewed university supervisors and school advisors at a Rajabhat University in central Thailand. The
findings indicated that while pre- service science teachers generally possessed adequate scientific knowledge
for teaching, they struggled with providing oral and written explanations of complex issues at appropriate
levels for their students. They also faced challenges in connecting scientific concepts to draw conclusions,
reflecting difficulties in summarizing scientific concepts, which is a key component of science communication
skills. Additionally, they struggled to reference sufficient evidence and to select and use empirical scientific
evidence to comprehensively explain data. For example, pre-service science teachers often explained concepts
without scientific justification and provided unclear examples of real- world situations. This corresponds to
issues in two other critical components of science communication skills: interpreting data using scientific
evidence and explaining scientific phenomena [17].

Moreover, based on the researcher's experience in teaching the course " Earth Science, Astronomy,
and Space Science at the school level", which aims to help pre-service science teachers learn and understand
foundational concepts, theories, and principles related to earth science, astronomy, and space science, as well
as to effectively receive and communicate knowledge as part of the learning process, the following
observations were made. This course, offered in the previous academic year as part of the science teacher
education program, revealed that most pre- service science teachers in the class had average academic

performance and exhibited misconceptions. Similarly, Ibrahim, Yusof, Zulkipli, and Dalim (2021) [18] found
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that pre-service teachers in Malaysia held misconceptions in space science, particularly about basic astronomy
concepts such as the formation of the seasons, the causes of day and night, and the galaxy. Likewise, Akcanca
and Ozsevgeg (2020) [19] reported that although Turkish pre-service teachers' misconceptions in Earth and
space science decreased after learning with various teaching methods, some misconceptions persisted. These
misconceptions will likely affect their science communication skills, leading to the incorrect conveyance of
concepts. In presentations, they were unable to select or interpret learning media appropriately. They also
failed to summarize classroom activities effectively or connect classroom knowledge to explain phenomena
or communicate concepts accurately. Therefore, it is crucial for pre-service science teachers to regularly
improve their science communication skills, both in speaking and writing. Additional data showed that some
pre- service teachers held incorrect scientific concepts, which varied depending on their knowledge levels
[20]. These misconceptions could negatively impact their science learning achievements [21]. Consequently,
enhancing pre-service science teachers' science communication skills must also involve improving their overall
science learning achievements [22, 23].

Promoting the science communication skills of pre-service science teachers can be achieved through
activities such as integrating experimental activities and fostering critical thinking [ 16], as well as using
inquiry- based learning combined with communication methods [ 24, 25]. Previous research has identified
various forms of inquiry- based learning. However, the 5Es inquiry- based learning model has been reported
to be used alongside other techniques to specifically promote science communication skills [25]. The 5Es
model supports learners in constructing scientific explanations based on empirical evidence and effectively
communicating those explanations [26]. Moreover, the 5Es inquiry-based learning model has been proposed
as a primary teaching method in Thai science classrooms, emphasizing its importance for all science teachers
to become familiar with. While inquiry-based learning can develop the science communication skills of both
upper secondary school students and science teachers, learners often face challenges in constructing
explanations and linking explored knowledge to scientific concepts. Though inquiry-based learning promotes
the ability to construct scientific explanations and investigate empirical evidence, additional strategies are
necessary to help learners effectively communicate information using reasonable and sufficient evidence [24].

Communication strategies refer to instructional techniques used in language education to help learners
convey information effectively and achieve specific objectives [27]. These strategies can involve both verbal
and nonverbal methods [28-30]. Although previous literature on science teaching and learning has not
extensively explored the use of communication strategies, integrating them with scientific communication can
promote the development of learners' science communication skills. Given that science communication skills
are grounded in effective communication, employing communication strategies can enhance learners' abilities
to transfer and interpret scientific data and phenomena [1, 2, 4, 31].

In this research study, we revised the inquiry-based learning model to integrate communication
strategies aimed at promoting pre- service science teachers' science communication skills and learning
achievements. The model was based on the 5Es of inquiry- based learning [ 26] and incorporated
communication strategies to enhance science communication skills through three specified components: (1)
summarizing scientific concepts, (2) interpreting data using scientific evidence, and (3) explaining scientific

phenomena. The 5Es inquiry- based learning model was utilized, with communication strategies integrated
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into each step. The exploration step focused on concluding the scientific main concepts, the explanation step
involved interpreting information with scientific and empirical evidence, and the elaboration step involved
expanding on scientific phenomena. Modified names for the learning steps were used to clarify the science

learning model and promote both science communication skills and learning achievements.

Literature review

Science Communication Skills

Science communication skills are the ability to transfer scientific knowledge through various modes
of communication, including listening, reading, writing, and speaking [7, 12]. These skills involve conveying
scientific concepts and ideas using accurate terminology, vocabulary, and symbols [14]. In this study, the
focus is on speaking and writing skills because they are closely linked to listening and reading skills [2, 31,
32]. The science communication skills in this study were synthesized based on the components outlined in
the Programme for International Student Assessment (PISA) 2015 science framework, as defined by the
Organisation for Economic Cooperation and Development (OECD) (2015) [33]. Since science was the main
subject assessed in PISA 2015, the framework’s clear definition of scientific literacy and its components
provide a comprehensive and consistent basis for identifying individuals with proficient science
communication skills. Furthermore, the framework is widely recognized and robust, making it highly suitable
for identifying the science communication skills of pre-service science teachers in this study. While the
components remain the same, the criteria have been adjusted to better align with the abilities that pre-service
science teachers should possess. Science teachers, as the primary group in need of development into
scientifically literate individuals, must acquire these skills to accurately and completely convey scientific
knowledge to students. Scientific literacy is crucial for effective science education, as it enables teachers to
communicate scientific and technological knowledge logically and thoroughly, thereby maximizing their
potential in developing these essential skills. The science communication skills in this study are divided into
three components: (1) summarizing scientific concepts, which involves accurately and reasonably speaking
and writing about findings from inquiry processes such as searching, experimenting, and creating products,
as well as creating scientific content, information, and issues; (2) interpreting data using scientific evidence,
which involves using scientific knowledge to clearly and correctly explain information or relationships among
information, figures, formulas, tables, vocabularies, and symbols; and (3) explaining scientific phenomena,
which involves clearly and correctly expressing scientific knowledge, ideas, and concepts in relation to daily
or real situations and phenomena. Science communication skills can be assessed using tests that measure
communication performance, particularly in writing and speaking. These tests include situations where learners
are required to respond to specific questions in writing or speaking. The assessment criteria are clearly defined
for pre-service science teachers, outlining the skills they should possess for teaching future students, with
specified scoring levels and detailed, question-specific responses [34]. This guideline has been adapted to
develop the science communication skills tests used in this research.

The Synthesis of Communication Strategies

Communication strategies are techniques used by language learners to overcome communication

barriers caused by limitations in their linguistic abilities. The synthesis of communication strategies for
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promoting science communication skills involves six strategies: (1) Description task [35, 36], (2)
Exemplification, (3) Superordinate [35], (4) Repetition, (5) Comprehension checking, and (6) Using
representations [37]. Science teachers use communication methods similar to these strategies. These methods
include explaining scientific concepts, using examples to link scientific knowledge to real-world events,
classifying information to help learners analyze and categorize it, repeating information to aid learners in
analyzing and interpreting it, reviewing knowledge and understanding with learners, and using learning
representations.

To synthesize communication strategies that promote science communication skills, we consider the
six aforementioned strategies and essential features extracted from the instructional and learning models
promoting science communication skills including problem-based learning, flipped classroom learning [38],
activity-based learning [16, 39-40], inquiry-based learning [24, 25], and socio-scientific issues-based learning
[41]. Essential features of learning models promoting science communication skills are: (1) promoting learners
to communicate scientific conclusions from their activities through speaking and writing [16, 24, 25, 38-40],
(2) promoting learners to link prior knowledge to new knowledge from findings to explain phenomena or
real-world situations [24, 25, 41], and (3) promoting learner@s to use scientific knowledge to explain
information through figures, formulas, words, scientific symbols, and other representations [16, 24, 25, 38-

40]. Table 1 presents a synthesis of communication strategies for promoting science communication skills.

Table 1 The synthesis of the communication strategies to promote science communication skills
Communication strategies Essential features of the learning model Communication strategies for
in linguistic promoting science communication skills science communication skills
1. Repetition Promoting learners to communicate Scientific inference
2. Comprehension checking  scientific conclusions from their activities

through speaking and writing

3. Description task Promoting learners to link prior knowledge  Analytical lecturing

4. Exemplification to new knowledge from findings to explain

5. Superordinate phenomena or real-world situations

6. Using representations Promoting learners to use scientific Using visual representations

knowledge to explain information through
figures, formulas, words, scientific symbols,

and other representations

The synthesis of communication strategies for promoting science communication skills consists of
three main strategies: scientific inference, analytical lecturing, and using visual representations. Each strategy
is defined based on the essential features of science learning models that promote science communication
skills.

Scientific inference is a strategy that encourages learners to link their knowledge from findings to

prior knowledge, which enables them to acquire new knowledge. This is achieved by presenting knowledge
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in classrooms and concluding scientific issues in activity forms, thereby promoting the science communication
skill of summarizing scientific concepts.

Analytical lecturing is a strategy that encourages learners to connect their scientific knowledge to
prior knowledge, daily situations, and scientific phenomena. This is achieved by presenting knowledge in
classrooms or providing examples to explain scientific principles and reasons in activity forms, thereby
promoting the science communication skill of explaining scientific phenomena.

Using visual representations is a strategy that encourages learners to use empirical, scientific
information and evidence derived from findings to explain the relationships of information in various forms
such as figures, tables, graphs, formulas, words, and scientific symbols. This strategy promotes the science

communication skill of interpreting data using scientific evidence.

Methods

In this research study, a learning model was developed to promote science communication skills for
future science teachers, using a research and development process simplified into four steps as follows:

Step 1: Review relevant documents and fundamental concepts (R,)

The research question, goal, and findings of this step are as follows:

Research question: What educational policies and theoretical foundations are relevant to the
development of a learning model that promotes pre-service science teachers’ science communication skills?

Research goal: To synthesize relevant educational policies, theories, and concepts to design a learning
model for developing pre-service science teachers’ science communication skills.

Research findings: The findings include concepts related to educational policies, science
communication skills, theories of science learning model development, instructional models and methods for
promoting science communication skills, inquiry-based learning, and communication strategies. These findings
provided the foundation for the learning model design.

Step 2: Develop the learning model and research instruments (D,)

This involved creating the learning model based on the knowledge gained from Step 1 and three
research instruments: (1) eight lesson plans for earth science, astronomy, and space science concepts including
1) seasons 2) waxing moon 3) rocks and minerals 4) fuels, fossils and renewable energy 5) Earth’s structure
6) soil 7) atmosphere and 8) humidity, that took three hours per lesson plan, (2) eight science communication
skills tests (including writing and speaking skills), and (3) a learning achievement multiple-choice test with
40 items that were used as both a pre-test and a post-test.

In developing the learning model, the researcher conducted a detailed study of relevant concepts,
including the concept of inquiry-based learning and the concept of learning through communication strategies.
The 5Es inquiry- based learning model [26] can support the development of science communication skills,

particularly through three steps: step 2 (exploration), step 3 (explanation), and step 4 (elaboration). The

researcher synthesized three communication strategies—scientific inference, analytical lecturing, and using
visual representations—and incorporated them into the inquiry-based learning model. Scientific inference was
integrated into step 2 (exploration). Analytical lecturing, a strategy that facilitates students’ communication

of their knowledge, was incorporated into both step 3 (explanation) and step 4 (elaboration). The use of
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visual representations, which involves explaining scientific concepts using various types of symbols, was
added to step 3 (explanation). To ensure that each step effectively promotes the development of science
communication skills in alignment with its components, the names of steps 2, 3, and 4 were revised
accordingly. This comprehensive approach resulted in a learning model that can effectively promote the

development of science communication skills, as shown in Table 2.

Table 2 The development of the learning model to promote science communication skills.

Learning Learners’ behaviors Synthesized Science
model communication communication
strategies skills
1. Engagement - The learners are interested in situations - -

and communication in order to ask

questions based on their observations.

2. Exploration - The learners engage in group activities, Scientific inference Summarizing
and inference ~ make plans, specify steps for data scientific
searching, and take action based on concepts
evidence.
3. Logical - The learners link the collected knowledge - Analytical lecturing - Interpreting
explanation to their prior knowledge to draw new - Using visual the data using
conclusions, and provide explanations representations scientific
based on the information and evidence. evidence
- The learners communicate their knowledge - Explaining
to their classmates and instructors through scientific
clear and correct speaking and writing, phenomena

using scientific concepts and principles.

4. Analytical - The learners link prior knowledge to new  Analytical lecturing Explaining the
elaboration knowledge to explain daily situations and scientific
communicate that knowledge clearly phenomena

according to scientific principles.
5. Evaluation - The learners evaluate their own progress - -
after each lesson.
- The learners ask instructors about any

issues they still have doubts about.

The learning model and eight lesson plans were verified by three experts to check the content and
construct validity evidences. The index of consistency was in the range of 0.67-1.00. Based on the experts'
comments and suggestions, the researchers revised the model and lesson plans. Figure 1 illustrates the science
learning model developed by combining inquiry- based learning with communication strategies to promote

science communication skills.
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Engagement

Exploration

Scientific inference & inference

Analytical lecturing

Logical b -
explanation Using visual
representations
- - Analytical
Analytical lecturing elaboration

Evaluation

Figure 1 Inquiry-based learning model to promote science communication skills

The science communication skills writing test consists of two parts; (1) a situation related to the
scientific content studied and (2) an open-ended question. In speaking skills test, requires students to discuss
the same topic as the written test, recording both video and audio responses. The evaluation uses a five-level
rubric with scores of 5, 4, 3, 2, and 1. The total score is 15, divided into five performance levels: excellent
(13-15 points), good (10-12 points), moderate (7-9 points), fair (4-6 points), and needs improvement (0-
3 points). Example of a situation, a question and the first component of science communication skills criteria

are as follows.

Situation: The weather conditions in two locations on Earth during the same period:
London, England, in December, where the weather is snowy, and Bangkok, Thailand, in
December, where the weather is hot and humid.

Question: Explain why these two countries experience different seasons in December.

Criteria:

Component Level of science communication skills
Excellent (5) Good (4) Moderate (3) Fair (2) Needs
Improvement (1)
1. Summarizing | - Provides a - Provides a - Provides an - Provides an - Provides an
scientific fully accurate | fully accurate | accurate but accurate but inaccurate and
concepts and complete | and complete incomplete incomplete incomplete
explanation explanation explanation explanation that | explanation that
based on based on based on does not fully does not adhere to
scientific scientific scientific adhere to scientific
principles. principles. principles. scientific principles.
- Cites at least | - Cites at least | - Cites at least | principles. - Provides no
two reasons one reason one reason - Cites at least | references to
from findings | from findings | from findings | one reasonnot | reasoning.
in activities. in activities. in activities. derived from
findings in
activities.

Figure 2 Example of science communication skills test and criteria.
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The learning achievement test is a multiple-choice test with four options per question, comprising a
total of 40 questions. Correct answers are awarded one point, while incorrect answers receive zero points.
The test covers eight topics as mentioned earlier.

The science communication skills and learning achievement tests were tried out with 24 pre-service
science teachers to assess the quality of the tests. The reliability of the eight science communication skills
was high, with Cronbach’s alpha coefficients ranging from 0.81-0.95. The difficulty indices of the learning
achievement test ranged from 0.23-0.80, and the discriminant indices were between 0.40-0.67. The KR-20
reliability was 0.64.

Step 3: Pilot (R,) and revise the learning model (D,)

The research questions, goal, and findings of this step are as follows:

Research question: 1) How effective is the initial learning model in promoting science communication
skills and learning achievement? And 2) what improvements can be made to refine the instructional sequence
and learning activities?

Research goal: To evaluate the initial learning model's implementation and effectiveness in a pilot
study, collect feedback, and revise the model for the main study.

Research findings: The model was piloted with 24 pre-service science teachers who were not part of
the main participants. These participants had previously completed coursework in "Earth Science, Astronomy,
and Space Science at the school level". The pilot employed three lesson plans over a total of nine hours to
evaluate the sequence of instruction, learning activities, and problems during implementation. This process
aimed to refine the model before its application in the main study. Since these pre-service teachers had prior
experience in the subject, they could provide valuable feedback on the learning activities, enabling adjustments
to enhance the model’ s effectiveness for the target study group. Data were collected using tests measuring
science communication skills and learning achievement. The learning model was subsequently revised based
on these results and the assessment criteria of the tests.

Step 4: Implement the learning model (R; and D,)

The research question, goal, and findings of this step are as follows:

Research question: How effective is the revised learning model in developing science communication
skills and improving learning achievement among pre-service science teachers?

Research goal: To implement the revised learning model with the participants, assess its effectiveness
in enhancing science communication skills and learning achievement.

Research findings: The revised model was implemented with the participants, consisting of 25 third-
year pre- service science teachers from the Faculty of Education at a Rajabhat University during the second
semester of the 2020 academic year. The participants were selected through purposive sampling as they had
no prior experience to this subject, ensuring the model's effectiveness in developing science communication
skills and learning achievement. A pre-test of learning achievement was conducted for one hour, followed by
implementing the eight lesson plans. After each lesson, students took science communication skills tests, and
the post-test parallel to the pre-test was conducted for one hour.

For data analysis, mean and standard deviation were used to analyze pre- service teachers’ science

communication skills in each lesson plan, focusing separately on writing and speaking skills. Moreover, these
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were used to compare writing and speaking skills across eight lessons. The relative gain scores, frequencies,
and percentages were calculated for writing skills, speaking skills, and overall performance to represent the
development levels of pre-service teachers’ science communication skills. The achievement pre- and post-test

mean scores were compared using a dependent t-test.

Results and Discussion

The effectiveness of the redesigned inquiry- based learning model composed of five steps including
(1) engagement, (2) exploration and inference, (3) logical explanation, (4) analytical elaboration, and (5)
evaluation was examined for learning science in actual contexts. There were several reasons that supported
the effectiveness of the model. Firstly, the model was developed based on the basic concepts of learning,
including inquiry- based learning, and used the 5Es of inquiry- based learning as the basic steps [26]. In
addition, the model synthesized three communication strategies, namely scientific inference, analytical
lecturing, and using visual representations, to promote science communication skills. Secondly, the model
clearly defined and assigned practical roles to instructors and learners in each step of the learning process.
This was consistent with the concept of learning model development proposed by Grau et al. (2021) [42],
Joyce and Weil (1986) [43], and Mueller et al. (2015) [44] which emphasized the importance of clear-cut
steps, methods, and techniques for efficient learning. Moreover, Fadli & Irwanto (2020) [45] and Lehtinen
et al. (2017) [24] found that a learning model with clear and practical roles for related individuals could
improve pre-service science teachers' skills after learning. Finally, the learning model was piloted and
evaluated to ensure the appropriateness of its contents, activities, duration, learning representations, and
evaluations. This is in line with Bahtiar et al.'s (2017) [46] suggestion that the effectiveness of a learning
model could be improved by checking the quality of each component and piloting the model before its actual
implementation. The results obtained from using the science learning model to promote science
communication skills can be summarized in terms of (1) science communication skills and (2) science
learning achievements

Science communication skills

The pre-service science teachers' mean scores in science communication writing skills tended to
increase in each test. In the 1st test, the mean score was 7.60 (S.D. = 2.54), indicating a moderate level of
proficiency. In the 2nd, 3rd, and 4th tests, the mean score improved to 10.60 (S.D. = 1.31), 12.20 (S.D. =
1.22), and 12.20 (S.D. = 1.55), respectively, indicating a good level of proficiency. In the 5th, 6th, 7th, and
8th tests, the mean score further improved to 13.20 (S.D. = 1.37), 13.52 (S.D. = 1.08), 13.24 (S.D. = 1.19),
and 13.44 (S.D. = 1.70), respectively, indicating a very good level of proficiency. The mean scores for each
of the three writing skill components; (1) summarizing scientific concepts, (2) interpreting data using scientific
evidence, and (3) explaining scientific phenomena were analyzed for the eight tests, and their trends are

presented in Figure 3.
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Figure 3 The mean score of the writing skill in each component from the eight tests.

In each science communication speaking skills test, the pre-service science teachers' mean scores
demonstrated a trend of improvement. The initial mean score for the 1st test was 8.08 (S.D. = 2.83) at the
moderate level. The mean score then increased for the 2nd, 3rd, and 4th tests, with a mean score of 11.40
(S.D. =1.47), 11.96 (S.D. = 1.58), and 13.48 (S.D. = 1.31) respectively, at the good level. For the 5th, 6th,
7th, and 8th tests, the mean score further improved to 13.48 (S.D. = 1.27), 14.12 (S.D. = 0.98), 13.40 (S.D.
= 1.30), and 14.04 (S.D. = 1.07), respectively, at the very good level. The mean scores of the speaking skills
were analyzed for the three components across the eight tests, and the trends of development are shown in

Figure 4.
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Figure 4 The mean score of the speaking skill in each component from the eight tests.

Based on the situation and question in the previous section (Step 2: Develop the learning model and
research instruments), the following are examples of responses at excellent and fair levels for the first
component of science communication skills in both writing and speaking:

Example of a response with an excellent level

"London, England, experiences snowfall, indicating winter. Winter occurs because the

Earth's axis in the Northern Hemisphere tilts away from the Sun, receiving oblique

sunlight, which leads to the lowest temperatures. Conversely, Bangkok, Thailand,

experiences hot and humid weather, indicating summer. Summer occurs when the Earth's
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axis in the Southern Hemisphere tilts toward the Sun, receiving direct sunlight, resulting
in the highest temperatures. Therefore, despite being in the same month of December,
differences in the angle of sunlight between the Northern and Southern Hemispheres lead

to varying temperatures and seasonal differences." (Pre-service science teacher A)

For the component 1 summarizing scientific concepts,” this response accurately and presents
information derived from the activity, supported by at least two reasons; (1) winter occurs due to the Earth's
axis in the Northern Hemisphere tilting away from the Sun, receiving oblique sunlight, and (2) oblique
sunlight results in significantly lower temperatures. This response received 5 points according to the criteria.

Example of a response with a fair level

"Snow begins to form when atmospheric temperatures drop below freezing. If the

temperature remains below freezing all the way to the ground, snow will form. Areas

where snow falls must be located above 23. 5° latitude, either north or south, mostly in

Europe and North America, leading to snowfall in winter. Bangkok, Thailand, is located

at 13°N latitude, below 23. 5°N, in a tropical region with a hot and rainy climate year-

round, unsuitable for snow formation. In contrast, London, England, is at 31°N latitude,

above 23.5°N, in a temperate zone leaning toward a cold climate, making snowfall

possible in winter." (Pre-service science teacher B)

For the component 1 summarizing scientific concepts," this response provides only one reason, citing
the latitude difference between the two locations as the cause of differing climates. However, this reason
does not derive from the activity findings and is not entirely accurate or clear. This response received 2
points according to the criteria.

The pre- service science teachers' science communication skills were evaluated through eight tests,
including writing and speaking tasks. Overall, their mean scores tended to increase throughout the study. The
analysis of the three components of science communication skills, summarizing scientific concepts,
interpreting data using scientific evidence, and explaining scientific phenomena, showed that the pre- service
science teachers had the highest mean scores in the first component for both writing and speaking skills. In
class, the pre- service science teachers were divided into eight groups, three people per group. They always
had to write and speak in order to communicate scientific knowledge. During the first lesson plan, it was
found that many pre-service science teachers struggled to draw precise scientific conclusions and select
appropriate representations to convey their findings. As a result, the communicated information lacked well-
arranged content [39, 41, 47]. As the pre-service science teachers progressed through the second and third
lesson plans, their science communication skills improved due to their understanding of the learning processes
and activities such as experiments, observations, virtual experiments, and online media [16]. The instructors
facilitated the students' ability to brainstorm, discuss and share knowledge in their groups, and provided
guidelines to prepare for presentations and record experimental results [24]. By the 4th to 8th lesson plans,
the pre-service science teachers' skills had reached a very good level due to the clear learning processes and

continuous support from instructors. However, the mean scores in tests 4-8 varied due to differences in
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students' skills and interests in topics [20]. Levy et al. (2009) [8] found that students with different scientific
knowledge would have opportunities to apply science communication skills in different contexts.

In comparing writing and speaking skills across eight lessons, it was found that Pre- service science
teachers' average speaking scores exceeded their writing scores in seven lessons (Lessons 1, 2, 4, 5, 6, 7,
and 8). Only in lesson plan 3, focused on "Fossil fuels and renewable energy," were the writing scores
higher. During the implementation of lesson plan 3, observations revealed that they spent more time on the
activities than in other lessons. Many of them asked questions for clarification, with some struggling to
communicate their points effectively. Several of them remarked that the topic was particularly difficult to
understand. The tendency for speaking scores to be higher than writing scores in other lessons may be because
of students completing the writing tasks first. Writing serves as a framework for organizing and clarifying
ideas before specking. This process allows students to review and refine their written answers. Therefore,
when transitioning to the speaking tasks, students effectively communicate the same information in a more
polished form, benefiting from their prior written work. Moreover, if students' written responses were
incomplete or contained errors, they could address these issues during their speaking tasks, leading to more
comprehensive and accurate communication.

The pre- service science teachers' relative gain scores for writing skills, speaking skills, and overall
skills after learning with the developed learning model in eight lesson plans were analyzed. The scores were
obtained from eight tests, and the total score for each test was 15. The relative development levels for writing
skills, speaking skills, and overall skills were classified into seven phases, from the 1st to the 7th phase. The
results showed that students in the 1st phase had an average development percentage of 37.79 at the moderate
level. In the 2nd, 3rd, 4th, 5th, and 6th phases, the average development percentages were 57. 56, 8. 68,
73.16, 75.77, and 73.74, respectively, at the high level. In the 7th phase, the students' average development
percentage was 77.63 at a very high level.

Regarding speaking skills, the students in the 1st phase had an average development percentage of
45.54 at the moderate level. For the 2nd phase, the students' average development percentage was 52.74 at
the high level. For the 3rd, 4th, 5th, 6th, and 7th phases, the students' average development percentages were
78.07, 78.61, 87.19, 71.30, and 84. 90, respectively, at a very high level. For overall development, the
students in the 1st phase had an average development percentage of 41.99 at the moderate level. For the 2nd
and 3rd phases, the students' average development percentages were 55.35 and 68. 16, respectively, at the
high level. For the 4th, bth, 6th, and 7th phases, the students' average development percentages were 75.97,
78.80, 76.63, and 81.39, respectively, at a very high level. The writing skills were divided into five
development groups, and the speaking skills were divided into seven development groups. The overall skills

were also divided into five development groups, as shown in Table 3.



Sci. Ess. J. Vol. 40 No. 2 (2024) 39

Table 3 Number of learners and percentages in each of the relative gain scores levels

Relative gain scores levels Writing skills Speaking skills Overall
Number % Number % Number %
Low - High 5 20.00 3 12.00 3 12.00
Low - Very high 1 4.00 1 4.00 1 4.00
Moderate — Moderate & 12.00 - - - -
Moderate — High 2 8.00 5 20.00 6 24.00
Moderate — Very high 14 56.00 10 40.00 12 48.00
High - High - - 1 4.00 - -
High - Very high - - 4 16.00 3 12.00
Very high — Very high - - 1 4.00 - -

After considering all seven phases of development, it became evident that the mean score and
development scores in each phase significantly increased. This was due to the inquiry-based learning model
based on the 5Es and communication strategies that served as guidelines for students to develop their skills.
Each strategy stimulated the students to communicate scientific knowledge using both speaking and writing
skills. Regarding writing skills, the levels in the 1st and 7th phases could be classified into five development
groups: low- high, low- very high, moderate- moderate, moderate- high, and moderate- very high. Three pre-
service science teachers maintained their moderate level skills, while in phases 2- 6, the remaining students
improved their skills to high and very high levels. The inconsistency in skill levels may have been due to
differences in student knowledge and understanding, as well as attention levels during tests. This is consistent
with Goldberg et al.'s (2021) [48] study, which indicated that student attention during tests affected their
scores. For science communication speaking skills, there were seven development groups, including three
new ones: high-high, high-very high, and very high- very high. Six students initially had high or very high
speaking skills, and four students improved from high to very high levels. One student maintained a very
high level throughout. Overall, the group with basic scores at the high and very high levels in the 1st phase
consisted of only four students, but these students maintained their high levels throughout all eight phases of
learning. A limitation of the developed learning model is that, according to the research findings, it was more
effective in enhancing science communication skills in speaking compared to writing. To address this,
instructors should place greater emphasis on reviewing and verifying students’ written responses during the
learning process. Students should be guided to write accurately and comprehensively before using the
information for verbal communication.

Science learning achievement

The analysis of the pre-test and post-test mean scores for science learning achievement revealed that
the students’ post- test mean scores were significantly higher than their pre-test scores at a 0.05 level of

statistical significance, as presented in Table 4
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Table 4 Comparison of science learning achievement pre-test and post-test mean scores

Tests n Total scores M S.D. t p
Before learning 25 40.00 19.84 2.52 -15.19%* 0.000
After learning 25 40.00 30.88 3.77
*p<.05

The mean scores of science learning achievement for pre- service science teachers who learned with
the science learning model were significantly higher than before learning, at a significance level of .05. This
can be attributed to several factors. Firstly, each step of the learning model was designed to improve learning
achievements. In step 1, engagement, students were required to ask questions, express opinions, and use prior
knowledge to understand new information. In step 2, exploration and inference, students had to communicate
scientific content and issues clearly and reasonably, drawing on inquiry processes and prior knowledge. Step
3, logical explanation, focused on using evidence and data to create scientific explanations, with students
speaking and writing about scientific concepts, using figures, tables, formulas, and scientific symbols. Step
4, analytical elaboration, helped students link new knowledge to prior knowledge and situations, thereby
improving learning outcomes. Finally, step b, evaluation, allowed students to assess themselves and their
peers, while instructors evaluated student performance. Science learning achievement can be promoted by
developing science communication skills, according to previous studies [22, 23]. Aydln (2016) [49] and
Purnomoa and Fauziah (2018) [50] found that students with higher learning achievements usually have good
communication skills, able to speak about scientific conclusions and use effective communication methods to
explain scientific concepts. Secondly, the developed science learning model utilizes inquiry-based learning as
the basis for creating a learning model. Previous studies have confirmed that inquiry-based learning can
improve science learning achievement [21, 42, 51]. By encouraging students to search for answers, practice,
make observations, analyze information, and share knowledge, inquiry- based learning stimulates students to
develop understanding, link knowledge, and gain experience, leading to better learning outcomes [21, 42].

Based on the above evidence, it is clear that this research study has developed a highly beneficial
science learning model for pre-service science teachers. This redesigned inquiry-based learning model
enhances their science communication skills and improves their learning achievement in the classroom,
enabling them to transfer scientific knowledge to their students more efficiently. However, one notable
limitation of this study is the small number of participants. This limitation affects the generalizability of the
results, as the sample may not fully represent diverse educational contexts. Future research should address
this issue by involving larger, more diverse samples across multiple institutions. Doing so would provide a
more comprehensive evaluation of the model's effectiveness and adaptability, ensuring its relevance across

varied educational settings.

Conclusion
This research study presents a redesigned inquiry- based learning model composed of five steps that
was found to be beneficial for enhancing pre-service science teachers’ science communication skills and

learning achievement. The redesign addresses the significant challenge of effectively integrating
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communication strategies within the inquiry-based framework, ensuring that the model not only fosters deep
scientific understanding but also hones the ability to communicate complex concepts clearly and confidently.
The learning model, grounded in both inquiry- based learning and tailored communication strategies, is
versatile and can be applied in both online and on-site classroom contexts. In online learning contexts, it is
recommended that teachers prepare learning materials that include experimental demonstration videos and
virtual classroom programs, and encourage students to interact with classmates to exchange knowledge and
evaluate results of knowledge communication. While the study demonstrates the efficacy of this enhanced
learning model, it also highlights the inherent challenge of maintaining consistent skill development across
different phases. Some students experienced fluctuations in mean scores for each stage of development,
indicating that science communication skills are not always stable throughout the learning process. This
variability underscores the complexity of teaching science communication and the necessity of ongoing
refinement. To gain a more in- depth understanding of students' scientific communication behavior and to

identify potential areas for improvement in the learning model, future qualitative research should be conducted.
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