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Abstract: Over the past two decades, teachers have adopted several teaching and learning strategies
for motivating students to learn chemistry. Learning chemistry in context enables students to develop
richer crosscutting learning experiences relevant to contributing to solving problems. A qualitative
case study method was adopted to examine student teachers’ experiences in digital inquiry-based
learning. Questionnaires with closed-ended and open-ended questions were used to evaluate student
teachers” motivational orientations and learning strategies during a general chemistry course for
one month. The results show that student teachers utilized varied perspectives such as self-efficacy,
task value, and intrinsic goals to elaborate their learning for knowledge construction and application
when performing collaborative tasks. The approach enables students to receive maximum support
and feedback from instructors who use pedagogical styles to self-direct them during class discussions,
which enhances their active participation in learning with the learning materials. The findings provide
a practical insight into instructional strategies in delivering chemistry concepts when students are
motivated to use and adopt varied learning strategies.

Keywords: context-based teaching; inquiry-based learning; student teachers; motivation; digital
learning; chemistry education

1. Introduction

One growing challenge in chemistry education has been the issue of students usually
perceiving organic chemistry concepts as challenging [1-3]. This negative perception and
attitude is attributed to ineffective approaches, such as teachers’ didactic approaches to
deliver chemistry concepts [4,5]. Studies show teaching chemistry concepts with teacher-led
approaches leads to students learning in isolation [4], resulting in weaker understanding of
concepts due to low self-concept and critical thinking [6,7]. As a result, there are concerns
that teachers do not utilize effective instructional approaches or learning strategies that
help students develop critical thinking skills.

Focusing on the current crucial component of chemistry education research, learning
chemistry is critical in helping students develop logical thinking and problem-solving
skills [8] that allow students to make career decisions [9]. Researchers have identified
effective instructional approaches and classroom teaching interventions to address this
challenge to enhance students’ critical thinking development [10-12] to prepare them
for future employment. Recent science transformations have seen teachers shift from
traditional chemistry teaching to active learning practices with relevant context-based
approaches [13]. Delivering chemistry concepts in context enables students to connect their
learning experiences to foster scientific literacy [14].
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Current studies show that teaching chemistry concepts with context-based approaches
improves students’ attitudes towards chemistry [15] and makes them attain deep learning
to “think critically, solve a problem, and transfer ideas, knowledge, and skills in new situa-
tions” [16-18]. Teaching chemistry in context-based approaches focuses on connecting the
content to real-world situations so that students can understand the concept of phenomena
or situations [19]. Further, King [20] reported that context-based learning enhances the
development of understanding, enabling students to gain crosscutting learning experiences
and relate them to real-life contexts.

One teaching approach that follows context-based learning experiences is inquiry-
based learning [21]. Inquiry-based learning (IBL) is a multifaceted student-centered, self-
directed teaching approach in which instructors guide learners to partake in a series of
activities to take learning responsibilities [22] to construct knowledge from problem-solving
activities. According to Lee et al. [23], IBL involves a series of techniques instructors use
to promote students’ active learning through problem identification, investigations, and
solution generation. Through inquiry learning, students undergo scientific activities by
observing, questioning, reviewing, gathering, analyzing, interpreting data, predicting, and
drawing conclusions [24]. The IBL is reported to enhance students’ conceptual understand-
ing, leading to the development of new skills for knowledge acquisition of the nature of
science [25,26]. Schwartz et al. [26] argue that an IBL approach emphasizes not entirely
transferring knowledge but fostering inquiry skills and understanding the nature of science.
A study by Orosz et al. [27] found that a guided inquiry-based approach helps students
develop scientific skills as they scaffold through science learning activities. Due to the
efficacy of the approach, several studies have been conducted to highlight several ways in
which certain factors such as motivation and learning styles enhance students’ learning
success in IBL environments.

Students’ Motivation and Learning Strategies in IBL

Several studies have investigated students’ motivation to use learning strategies in
IBL. A literature body has acknowledged the importance and value of motivation, goals,
abilities, and learning styles in the IBL environment [28-30]. However, enhancing these
motivational beliefs and learning strategies is facilitated by educators when designing their
IBL lessons [31]. Research has shown that educators’ role as facilitators in IBL empowers
students to take responsibility for the learning process [32,33]. Educators guide students by
creating opportunities that motivate students to learn and improve their scientific skills [34].
In the IBL, educators also provide resources and appropriate feedback that facilitates
students learning progress to self-direct and elaborate their learning [22,35,36].

Studies show that students” motivation positively impacts their academic performance
in science [37,38]. Oskarsson and Karlsson [39] argue that less motivated students see
school science as less engaging, making them lose interest and see no relevance or connec-
tions of science learning to future jobs. Han [40] found that students’ genuine interest in
learning science involves activating and maintaining their affective enjoyment and cogni-
tive engagement which enhances their motivation to learn. This shows motivation is vital
in determining students’ interests, scientific competence, and future science career choices.
Addressing this challenge, teachers have adopted varied strategies to engage and motivate
learners in their courses. Teachers use strategies such as collaborative learning to interact
and explore information to construct knowledge [41]. In a collaborative learning environ-
ment such as IBL, teachers instruct and guide students to use prior knowledge to construct
and apply new knowledge [42]. Researchers recommend that in thriving IBL environment
requires collaboration and interaction among students and instructors to foster idea-sharing
through discussions [43,44]. Studies show that students who self-regulate their learning can
create learning goals and expectations to learn a task [29,30] and change their motivation
and learning strategies to achieve such goals [45,46]. Researchers have argued that highly
motivated students put much more effort into learning new tasks through self-efficacy and
elaborating strategies compared with less motivated students [28,47]. Because demotivated
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students cannot concentrate on staying focused, they try to skip challenging tasks and
finally give up, potentially affecting their learning. As such, instructors set up learning
activities in a way that motivate students to seek information by interacting with peers
to generate answers to problems [48]. Through IBL, students engage with peers in active
learning that enhances their application of the knowledge to develop critical thinking skills
for problem-solving [49]. Students in active learning environments are self-confident and
usually seek solutions to problems to work out more complex tasks [17]. This indicates the
importance of active learning environment enabling teachers to create opportunities for
students to learn using different learning strategies.

A body of knowledge has emphasized the importance of motivation and learning
strategies in learning [28,29,50]. These studies have hinted that motivational beliefs and
learning strategies enable students to understand concepts that lead to learning success.
How students use these motivational orientations and learning strategies in learning chem-
istry remains unknown. Therefore, this study explores how student teachers’ motivational
and learning strategies foster their organic chemistry learning. This study sought answers
to the following research questions:

1.  What are student teachers’ dispositions towards motivation and learning strategies
towards chemistry learning?
2. What are student teachers’ views in learning chemistry in IBL classrooms?

2. Research Methodology

This study employed qualitative case study methods involving an in-depth inquiry of
student teachers’ experiences in digital inquiry-based learning. The design was appropriate
as it enabled the researchers to collect in-depth data on implementing blended learning.
Questionnaires with closed-ended and open-ended questions were used to collect data
from the participants.

2.1. Participants and Sampling

During the pandemic, instructors faced many challenges, including engaging students
to learn and learn specific subject matter. As such, the researchers aimed to recruit teacher
educators using IBL to support students” digital learning practices. Convenient sampling
was used to identify three classrooms of 143 student teachers from colleges of education
enrolled in a general chemistry course. These student teachers were selected because
of easy access and the availability of course instructors to participate in this study. The
course content follows a blended learning approach (face-to-face lecture instructions and
out-of-class online learning) to explore different chemistry concepts. The student teachers
comprised 46 males and 97 females, aged 16 years to 30 years. The participants were
enrolled in the Bachelor of Education programs, offering different major subjects with
different study backgrounds and focusing on primary education, home economics, and
early childhood streams.

2.2. Teaching and Learning Process

We adopted the 5E conceptual framework to design and plan the learning activities in
an instructional sequence [51]. Through the framework, students were taken through the
five phases, engage, explore, explain, elaborate, and evaluate, as shown in Table 1.

Table 1. Teaching and learning processes and activities in the 5E phases.

Phases of IBL Teaching and Learning Activities

Students introduced organic chemistry concepts through questioning,
Engage scenarios, or problem-based to arouse their interest, e.g., classification of
organic compounds, e.g., what are organic compounds and their uses
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Table 1. Cont.

Phases of IBL Teaching and Learning Activities

Educators guide students to construct their understanding of the naming of
organic compounds by reflecting on guiding questions and principles, e.g.,
students follow and reflect on writing chemical formulas and naming of
hydrocarbons and alcohols using the guiding rules

Explore

Students articulate their views on subject matter, e.g., share understanding
Explain during group discussions, e.g., participate in group discussions with peers on
given tasks on naming, properties, hydrocarbons, alcohol, etc.

Educators review the lesson and provide more information through class
discussions to brainstorm to build students” understanding of the subject
matter, e.g., practice more examples of naming, reactions of hydrocarbons and
alcohols, carboxylic acids, and aldehydes

Elaborate

Students complete individual and group tasks, and educators provide
Evaluate feedback, e.g., students take quizzes and conduct group presentations on
naming organic compounds

2.3. Data Collection

The data were collected over a regular class session for four weeks through ques-
tionnaires. The purposely developed closed-ended questionnaire was adopted from the
Motivated Strategies for Learning Questionnaire (MSLQ) developed by Pintrich and De
Groot [52]. The MSLQ test contained 81 multiple-choice items. To suit the purpose of this
study, three factors (intrinsic goal orientation, task value, and self-efficacy) were selected
from the motivation scales. In the learning strategies, critical thinking abilities, elaboration,
and peer learning were selected. According to Pintrich and De Groot [52], defining intrinsic
goal orientation in the MSLQ as a student’s perception of participating in a course/task
challenges them to enhance curiosity and a mastery of learning. Task value refers to stu-
dents” assessment of their interest, the importance, and the usefulness of the tasks, leading
to more participation in the learning. Self-efficacy is a self-assessment of a student’s ability
to master a task. Elaboration strategies help learners to keep “information into long-term
memory through the building of interconnections to integrate and connect new information
with prior knowledge”. Help seeking refers to students learning how to manage their learn-
ing by seeking assistance from peers and instructors. Peer learning refers to collaborating
with peers to dialogue to clarify course material and reach insights that one may not have
attained on their own. The questionnaire was based on a Likert scale scored on a level of 1
as “Strongly disagree, SD” to 5 as “Strongly agree, SA” and open-ended questions. The
open-ended questions enabled the researchers to collect varied views, perspectives, and
understandings to supplement the information gathered from the questionnaire. According
to the research questions, the questionnaire and focus group items were categorized to
solicit views and experiences of the motivation, learning strategies, and general perceptions
of their IBL. In validating the questionnaire, two experts from the colleges of education and
the University of Cape Coast agreed on the content validity after adding some questions.
The instrument was shared with participants via WhatsApp, and some parts were offered
to be completed on paper to enhance a high response rate. In total, 125 (response rate of
87%) student teachers completed and returned the questionnaires.

2.4. Data Analysis

Responses to the questionnaire were analyzed using SPSS. Descriptive statistics were
used, and the results of the findings and student teachers’ views and experiences with
IBL were presented in frequencies and percentages for easy visualization. The responses
were scaled down by combining Strongly Disagree (SD) and Disagree (D) as disagree and
Strongly Agree and Agree into agree. The Neutral (N) was not included in the analysis as it
shows the students” indecision to either agree or disagree. The open-ended responses were
analyzed manually using qualitative content analysis [53]. The responses were extracted,
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transcribed, defined, and emerged themes identified. The themes were coded and revised
to remove any overlaps.

3. Results and Findings
3.1. Research Question 1: What Are Student Teachers’ Dispositions Towards Motivational
Orientations and Learning Strategies of Chemistry Learning in IBL Settings?

This research question sought to find out which motivational dimensions and learning
strategies enhance chemistry learning.

3.1.1. Motivational Orientations

The perceptions of student teachers’ disposition towards motivation and learning
strategies in IBL chemistry are shown in Table 2. The table was constructed to present the
frequencies and percentages facilitating the participants’ perceptions regarding motiva-
tional orientations and learning strategies in the context of chemistry education.

Table 2. Student teachers’ dispositions towards learning strategies.

Item Responses n (%)

SA (%) A (%) N (%) D (%) SD (%)
Intrinsic goal orientation 51 (35.7) 41 (28.7) 24 (16.8) 14 (9.8) 13 (9.1)
Task value 49 (34.5) 33 (23.2) 37 (26.1) 17 (12.0) 6(4.2)
Self-efficacy 67 (46.9) 25 (17.5) 30 (21.0) 8 (5.6) 13 (9.1)
Critical thinking 72 (50.3) 27 (18.9) 17 (11.9) 11(7.7) 16 (11.2)
Elaboration 74 (51.8) 24 (16.8) 18 (12.6) 11(7.7) 16 (11.2)

Peer learning and help seeking 49 (34.3) 39 (27.3) 30 (21.0) 13 (9.1) 12 (8.4)
Key: Strongly Disagree, SD; Disagree D; Neutral, N; Agree, A; Strongly Agree, SA.

Results from Table 2 show that 89 (62%) student teachers agreed to all the motivational
orientations, indicating a positive disposition of motivation in learning chemistry, while 24
(17%) did not have stronger motivational beliefs. In comparing the individual motivational
orientations, respondents” assessment of task value showed that 82 (58%) agreed that the
learning materials, activities, and tasks were interesting, important, and useful to their
learning. In contrast, 23 respondents (16%) disagreed that the learning activities were to the
statement. Similarly, for respondents” opinions on intrinsic motivation, 92 (64%) responded
that they believed the approach was more engaging and enhanced their curiosity to become
active learners, while 27 (19%) disagreed with that statement. When asked how they
used their self-efficacy, 92 (64%) agreed that the IBL approach enabled them to develop
abilities, skills, and confidence to learn, understand, perform, and master the learning
tasks including tests and assignments. In comparison, 21 (15%) disagreed that self-efficacy
enhanced their learning.

3.1.2. Learning Strategies

Results from Table 2 show that 95 (64%) of the respondents agreed with most of the
learning strategies orientations, indicating a stronger positive disposition towards the use
of varied learning strategies, while 26 (18%) disagreed that they had stronger learning
strategies beliefs. Respondents” assessment of peer learning and help seeking showed 88
(62%) of respondents agreed that collaborating with peers and seeking assistance enhanced
their understanding of the subject matter, while 25 (18%) disagreed that peer learning and
seeking was essential to their learning of chemistry. While 98 (69%) of the respondents
believed their ability to retain “information into long-term memory through the building
of interconnections to integrate and connect new information with prior knowledge”,
27 (19%) respondents did not believe that the approach helped them to integrate and
connect new information with prior knowledge to learn. When asked about how they
used their critical thinking, 99 (69%) of the student teachers agreed they used their prior
knowledge to link new situations to solve problems, while approximately 27 (19%) of
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the participants disagree with the statement, “Students could apply previous knowledge
to new situations to solve problems”. In facilitating a clear visualization of participants’
perceptions regarding motivational orientations and learning strategies in the context of
chemistry education, a graphical representation was used as shown in Figure 1.

Student teachers' motivation and learning strategy perspectives

80
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& 40

s 20

ct, W O | | | |

% Task value Intrinsic goal Self-efficacy  Critical Elaboration Peer learning

~ thinking and Help
seeking

_ Perspectives
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Figure 1. Percentages of student teachers’ dispositions towards motivation and learning strategies.

3.2. What Are Student Teachers” General Views on Learning Chemistry in the IBL Classroom?

Participants were asked their views on the question: What did you like/not like most
about learning in the online IBL environment? Their positive views about the approach
were grouped into four themes, namely:

Category 1: Teachers’ support

Regarding educators’ support, 10 (8%) student teachers responded that they liked the
presence of the tutors during the learning. They felt the presence of the tutors supported
them during the class discussions and the out-of-class sessions. Most students agreed
that the approach helped build good teacher—student relationships when interacting and
communicating through the Google Docs platform. Through the learning platform, they
could ask questions and receive feedback from tutors that enhanced their understanding of
the subject matter. To strengthen this finding, one student stated,

The discussions and interactions with the tutor make the approach promotes learning
support from the teacher-learner relationship.

Another student added,

“.. .the tutors identified students with learning needs and provided them with the support
that motivated them to learn more.”

On the other hand, some (3%) student teachers could not utilize the platforms as

regularly as expected, thus missing essential discussions and interactions with the tutors.
One participant stated

there was a lack of effective communication and interaction since you can’t ask questions
when you don't understand, and the educator wasn’t always available.

Category 2: Collaboration and peer learning

Regarding students’ collaboration and peer learning, 10 (8%) student teachers noted
the approach was effective as they could interact and communicate with peers during the
group learning activities. The student teachers felt they collaborated on work with peers,
which helped establish a good rapport. Some comments from participants include,

I have a face-to-face interaction with colleagues, which helps me remember things that
were taught.
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Doing the tasks as group work was good because we get help from our friends if you do
not understand something.

Category 3: Use of the learning materials

Students (6%) had positive views and attitudes towards the video lectures. Findings
from the survey showed that student teachers found the video lectures very helpful in
enhancing their learning. One participant wrote that

...by watching the videos, a basic understanding of the subject matter was established
and developed further, which helped students to review for examination.

In addition, the student teachers indicated that the materials, e.g., videos, were exciting
and motivating, enhancing their learning. They explained that the video content was more
prosperous. One student teacher indicated,

I believe there was more understanding in the video lessons, and it broadened my scope of
learning I also got to know more examples vividly using this approach.

On the other hand, some students (4%) indicated that the video lectures were not
helpful. They complained that some of the video activities were complicated and that,

Sometimes the videos were difficult, and unable to understand the concept of the lesson.

Besides students (2%) being unable to comprehend the video’s content, the video
quality was not appealing to some participants. One student teacher wrote,

The voice in videos was unclear, making it boring to watch and sometimes confusing me
the most.

Category 4: Independent and active engagements for learning

The student teachers reported that learning was more engaging and made them active
learners. Regarding their class engagement, 7 (6%) student teachers indicated that IBL
enabled them to practice the learning content by reflecting on the learning materials. Stu-
dent teachers believed that having more time to practice the content outside the classroom
positively enhanced their active participation and confidence to learn. For instance, one
participant argued,

I am more engaged and gain a deeper understanding of content instead of primarily
memorizing and recalling facts and ideas.

Another student teacher said,

Learning chemistry in a blended learning environment increased my motivation to
participate and engage in the class. We were encouraged to read the materials, ask probing
questions, and discuss with peers to share ideas instead of having the tutor give us the
facts.

Further, 6 (5%) student teachers also indicated how the learning activities were de-
signed to allow them to decide what and how to learn. They argued that by having access
to digital tools, they could review the learning materials and practice the learning tasks
ahead of regular class time. This accessibility option enabled students to learn and practice
more of the assigned tasks. Excerpts from their responses read,

Inquiry learning allows students to learn on their own time so you can have more time to
read and practice the assigned tasks.

I feel comfortable learning in the inquiry settings because the learning activities in the
videos were captivating which enabled me to prepare better for the topic.

4. Discussion

This study examines student teachers’” perspectives on motivational orientations and
learning strategies in a digital IBL chemistry course. Data on student perceptions of the
IBL approach were collected through closed and open questionnaires. Findings from the
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data showed student teachers were motivated and used different learning strategies in the
online IBL environment. This shows that the level of motivation students obtain determines
the amount of effort placed into the learning.

Motivated students go into the classroom with a well-prepared mind, stay focused
on the task, take responsibility for their learning, perform tasks on time, and deal with
challenges. Some studies have argued that inquiry-based learning enhances students’
learning efficiency, motivation, and interest in chemistry concepts [54]. Findings from
this study showed that student teachers’ higher task value beliefs see the subject matter
as very meaningful and helpful. Student teachers” evaluation of the learning activities
and tasks was measured by their interest, importance, and usefulness for their learning.
They recognized that the learning materials and activities were helpful for their learning
because they facilitated their understanding of the content. Most of the student teachers
agreed that the video lessons and lectures were very helpful as they enhanced opportunities
for individualized learning after reviewing them many times [17]. Similar findings are
reported in the literature on how beneficial task value aids students’ chemistry learning
outcomes [29].

Research shows that students with higher intrinsic goal orientation place more impor-
tance on understanding learning tasks [30,55], changing attitudes towards their learning.
Students’ teachers believed their attitudes towards science learning and their intrinsic goal
orientation enhanced their usage of blended learning. Similar findings have reported [40,56]
that students’ interest in learning science increases when they activate their active partici-
pation and maintain their affective enjoyment and cognitive engagement, which enhances
their motivation to learn. Evidence shows that students’ interest in learning is focused
on capturing the cognitive attention that helps them to master science content taught in
the classroom [40]. Students’ ability to self-regulate their learning activities enables them
to progress in their learning. These self-regulatory efforts develop into critical skills that
enhanced students learning success [57]. It is therefore important for teachers to help
students identify learning goals, needs, and materials and choose appropriate learning
strategies to succeed. This indicates that ideas of active learning facilitate and improve a
student’s motivation to perform better.

Another interesting finding is the way student teachers use their self-efficacy abilities
to master the tasks. The student teachers felt that their confidence in their abilities played a
significant role in their learning and that they judiciously used the learning technologies
and materials. One of the ideas of constructivist learning is for the learner to actively
engage and participate in developing independent thinking in the learning process by
coherently organizing facts and knowledge. The student teachers’ positive thinking on
their capabilities of learning the content and achieving success on the tasks enhanced
their understanding of the subject matter. They believed that their self-efficacy influenced
active participation and engagement, which helped them learn from their peers. Through
their higher self-efficacies, they could accept challenging tasks, disregard distractions,
control anxieties, and persist until goals were met for successive learning outcomes [58].
A critical characteristic of IBL is allowing students to self-account, make decisions, and
feel responsible. This finding is consistent with prior research [59], that giving students
such freedom of learning enables them to use their self-efficacy to utilize, set goals for
themselves, and learn tasks successfully. This shows that the students improved their
self-efficacies by using varied learning activities to manage their anxieties and change
challenging situations.

Studies show that thrives in IBL environment through learning collaboration and
interactions and discussions with peers and instructors to foster idea-sharing [43,44]. Peer
learning and collaboration among students and teachers is supposed to develop when
groups are exposed to problem-based learning. An interesting finding is that some students
indicated that they could collaborate well with peers when discussing ideas systematically
or managing aspects of their group work that interfered with the scientific content. Through
active collaborative learning strategies, student teachers discussed problem-solving activi-



Educ. Sci. 2024, 14,1233

90of 13

ties involving analyzing, synthesizing, and drawing conclusions. The findings show that
digital integration in IBL enabled students to collaborate, interact, and explore information
for knowledge construction and application [41]. Through the learning activities, student
teachers were more engaged in activities to dialogue and brainstorm and clarify course
materials. They felt that through the collaborative learning discourse with peers and some-
times teachers, they were enabled to reach insights that they may not have attained on their
own. These situations enhanced their learning and thinking skills from the kind of support
given by peers and instructors [17]. Again, students engaging in active learning activities
were motivated to seek and understand new knowledge through learning collaborations to
find solutions [23,49] and integrate new knowledge [60]. This shows that students” motiva-
tion promotes their active engagement to use varied learning styles when participating in
an IBL class.

Another interesting finding in this study was students’ ability to use cognitive and
metacognitive strategies such as elaboration to construct new knowledge. Lynch [61]
emphasized that individuals’ beliefs in their abilities to elaborate and organize their tasks
with peers for support enhances the development of critical thinking to be able to succeed in
a course. Students’ prior knowledge helped manage ideas by enabling them to connect prior
knowledge and previous experiences to build new knowledge which served as the basis for
subsequent learning. Since the student teachers came to class with some knowledge from
the pre-class activities, they had opportunities to participate in discussions. This finding
indicate that students had an opportunity to engage in individualized learning at their own
pace and review pre-learning materials [17]. Studies show that when learners are engaged in
inquiry-based activities several times, their reasoning about scientific phenomena changes
through an inductive learning process [44]. This indicates that students’ prior knowledge
of a subject is critical and that instructors should identify and build on it to enhance the
construction of new knowledge. Therefore, educators are encouraged to provide students
with high-quality pre-class learning materials to support their learning sufficiently.

Learning science through inquiry is different in that it demands high active partic-
ipation, intellectual effort, and personal responsibility from students to self-direct their
learning [34,36,62]. Inquiry learning allow students to ask questions that have the potential
to direct the learning for knowledge construction either through debate or discussion to
help evaluate their understanding [63]. Miller et al. [64] assert that when students inves-
tigate and organize knowledge themselves, they better understand the knowledge built
around them. This indicates that students higher cognitive questioning ability are essential
in developing their critical thinking and problem solving since they can be used to diagnose
students” understanding of the subject matter, which can be an improvement for future
instructions. The choice of instructional pedagogical practice is motivated by specific intent.
Using inquiry-based instructional approaches enables teachers to meet the diverse needs of
students based on their cognitive levels [23,60]. Within an inquiry classroom, students ask
questions, design investigations, collect data, and draw conclusions based on their investi-
gation. In this study, the teacher facilitated the learning process by instructing students to
use prior knowledge to construct new knowledge leading to the development of thinking
skills. This suggests that to orient students towards inquiry, teachers need to guide students
to develop the required skills to engage in scientific inquiry [42]. Therefore, the teacher
becomes a facilitator, creating the necessary opportunities for students to learn effectively.

Educators use varied teaching strategies and aids in engaging students to learn as a
way of motivating them. Teachers use motivation and engagement to help students learn
science to improve their scientific skills. In the IBL environment, teachers guide students in
organizing information and facts, assemble experiment results, and make reasonable claims
and conclusions based on the data collected. Some studies have acknowledged that educa-
tors engaging in students’ learning activities, technological tools, and interactions enhance
students’ success [65]. It is argued that teachers’ active role in supporting students in using
technology and participating in the classroom empowers and makes students develop
positive attitudes by taking responsibility towards learning [32,33]. Similarly, other studies
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have reported that teachers’ presence in an online learning environment motivates and
provides intensive guidance and feedback to students to learn and accomplish tasks [35].
Student teachers felt that receiving positive feedback from educators when they experi-
enced challenging situations helped them use their skills and capabilities to manage and
overcome their anxieties. Similar findings were found [22,35,36] explaining that the vital
role of teachers’ provision of appropriate feedback facilitates students’ learning progress to
self-direct and elaborate their learning.

In addition, students’ active engagement and learning occur when they develop knowl-
edge through concept building and reflections on the discourse positively impacts their
learning [66]. Positive learning engagements provide a good connection between students’
prior knowledge, interests, and science learning experiences. Student teachers felt the
flexible learning opportunities provided a strong foundation for students and teachers to
participate in meaningful class discussions. By so doing, they could ask questions that
connected what they learned and how to apply it. The student teachers had the opportunity
to watch the videos more than once, provided many contributed to their understanding
of the content as they could pause and reflect on their ideas. Aidoo et al. [17] argues
that engaging students with digital inquiry learning provides opportunities of learning
flexibilities which makes them active learners as they can take control of their learning at
their own convenience. With flexible learning allowances, learners’ can review learning
activities and generate high-level factual questions from their prior knowledge. Conse-
quently, teachers should provide opportunities for students to activate prior knowledge
from learning experiences to make relevant connections with new information [33]. These
findings are based on previous studies emphasizing the usefulness of high-quality prior
learning activities and materials, e.g., videos for students’ learning success [66,67]. This
suggests that the effective use of an inquiry-based approach by students requires adequate
knowledge and experience.

5. Conclusions and Recommendation

In conclusion, this study has indicated the importance of using different motivational
and learning strategies to support students’ chemistry learning in the IBL context. The
descriptive analysis of this study shows the benefits of IBL in chemistry education and
teacher training. This study has limitations in that it was conducted in only three sites,
and the sample size does not represent most of the teacher education institutions in Ghana.
Therefore, further research is recommended to investigate the effects of motivation and
learning styles on students’ chemistry learning. Such findings could provide comprehensive
information on how motivational orientation and learning strategies influence students’
chemistry learning.

Author Contributions: Conceptualization: B.A., A.C. and A.O.G.; methodology: B.A. and ]J.T,;
investigation: B.A. and A.O.G,; supervision: ].T., EQ. and A.O.G.; writing—original draft preparation,
B.A.; writing—review and editing, B.A., ].T., A.C., EQ. and A.O.G. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.



Educ. Sci. 2024, 14,1233 11 of 13

References

1. Childs, PE.; Sheehan, M. What's difficult about chemistry? An Irish perspective. Chem. Educ. Res. Pract. 2009, 10, 204-218.
[CrossRef]

2. O’Dwyer, A.; Childs, P.E. Who says organic chemistry is difficult? Exploring perspectives and perceptions. Eurasia |. Math. Sci.
Technol. Educ. 2017, 13, 3599-3620.

3. Johnstone, A.H. You can’t get there from here. J. Chem. Educ. 2010, 87, 22-29. [CrossRef]

4. Graulich, N. The tip of the iceberg in organic chemistry classes: How do students deal with the invisible? Chem. Educ. Res. Pract.
2015, 16, 9-21. [CrossRef]

5. Sevian, H.; Talanquer, V. Rethinking chemistry: A learning progression on chemical thinking. Chem. Educ. Res. Pract. 2014, 15,
10-23. [CrossRef]

6.  Akkuzu, N.; Uyulgan, M.A. An epistemological inquiry into organic chemistry education: Exploration of undergraduate students’
conceptual understanding of functional groups. Chem. Educ. Res. Pract. 2016, 17, 36-57. [CrossRef]

7. Anim-Eduful, B.; Adu-Gyamfi, K. Chemistry Students’ Conceptual Understanding of Organic Qualitative Analysis. Pedagog. Res.
2022, 7, em0132. [CrossRef]

8. Domin, D.S.; Al-Masum, M.; Mensah, J. Students’ categorizations of organic compounds. Chem. Educ. Res. Pract. 2008, 9, 114-121.
[CrossRef]

9. Vos, WD.; Bulte, A,; Pilot, A. Chemistry curricula for general education: Analysis and elements of a design. In Chemical Education:
Towards Research-Based Practice; Springer: Dordrecht, The Netherlands, 2002; pp. 101-124.

10. Bezanilla, M.].; Fernandez-Nogueira, D.; Poblete, M.; Galindo-Dominguez, H. Methodologies for teaching-learning critical
thinking in higher education: The teacher’s view. Think. Ski. Creat. 2019, 33, 100584. [CrossRef]

11.  Jamil, M.; Bokhari, T.B.; Zia, Q. Qualitative content analysis for critical thinking and skill development: A case of chemistry
curriculum. J. Asian Dev. Stud. 2024, 13, 147-155. [CrossRef]

12.  Phillips, V.; Bond, C. Undergraduates” experiences of critical thinking. High. Educ. Res. Dev. 2004, 23, 277-294. [CrossRef]

13.  Eilks, L; Rauch, F; Ralle, B.; Hofstein, A. How to allocate the chemistry curriculum between science and society. In Teaching
Chemistry—A Study Book; Brill: Leiden, The Netherlands, 2013; pp. 1-36.

14. Mahaffy, P. Moving chemistry education into 3D: A tetrahedral metaphor for understanding chemistry. Union Carbide Award for
Chemical Education. J. Chem. Educ. 2006, 83, 49. [CrossRef]

15. Magwilang, E.B. Case-Based Instruction in the Forensic Chemistry Classroom: Effects on Students” Motivation and Achievement.
Int. J. Learn. Teach. Educ. Res. 2022, 21, 396-414. [CrossRef]

16. Chowdhury, P.; Rankhumise, M.P.; Simelane-Mnisi, S.; Mafa-Theledi, O.N. Attitude and Performance: A Universal Co-Relation,
Example from a Chemistry Classroom. . Turk. Sci. Educ. 2020, 17, 603—616. [CrossRef]

17.  Aidoo, B.; Anthony-Krueger, C.; Gyampoh, A.O.G.; Tsyawo, J.; Quansah, F. A mixed-method approach to investigate the effect of
flipped inquiry-based learning on chemistry students learning. Eur. J. Sci. Math. Educ. 2022, 10, 507-518. [CrossRef]

18. Penuel, W.R; Reiser, B.].; McGill, T.A.; Novak, M.; Van Horne, K.; Orwig, A. Connecting student interests and questions with
science learning goals through project-based storylines. Discipl. Interdiscip. Sci. Educ. Res. 2022, 4, 1. [CrossRef]

19. Assi, A.; Cohen, A. Context-based learning in flipped middle school chemistry class. Int. ]. Sci. Educ. 2024, 46, 570-589. [CrossRef]

20. King, D. New perspectives on context-based chemistry education: Using a dialectical sociocultural approach to view teaching
and learning. Stud. Sci. Educ. 2012, 48, 51-87. [CrossRef]

21. Itzek-Greulich, H.; Vollmer, C. Emotional and motivational outcomes of lab work in the secondary intermediate track: The
contribution of a science center outreach lab. J. Res. Sci. Teach. 2017, 54, 3-28. [CrossRef]

22. Spronken-Smith, R.; Walker, R. Can inquiry-based learning strengthen the links between teaching and disciplinary research? Stud.
High. Educ. 2010, 35, 723-740. [CrossRef]

23. Lee, VS, Greene, D.B.; Odom, J.; Schechter, E.; Slatta, R. What is inquiry-guided learning? In Teaching and Learning Through
Inquiry; Routledg: Loudon, UK, 2004; pp. 3-16.

24. National Research Council. Inquiry and the National Science Education Standards: A Guide for Teaching and Learning; National
Academies Press: Washington, DC, USA, 2000.

25.  Ogzgelen, S.; Yilmaz-Tuzun, O.; Hanuscin, D.L. Exploring the development of preservice science teachers’ views on the nature of
science in inquiry-based laboratory instruction. Res. Sci. Educ. 2013, 43, 1551-1570. [CrossRef]

26. Schwartz, R.S.; Lederman, N.G.; Crawford, B.A. Developing views of nature of science in an authentic context: An explicit
approach to bridging the gap between nature of science and scientific inquiry. Sci. Educ. 2004, 88, 610-645. [CrossRef]

27. Orosz, G.; Orosz, G.; Németh, V.; Kovacs, L.; Somogyi, Z.; Korom, E. Guided inquiry-based learning in secondary-school
chemistry classes: A case study. Chem. Educ. Res. Pract. 2023, 24, 50-70. [CrossRef]

28. Feyzioglu, B. The role of inquiry-based self-efficacy, achievement goal orientation, and learning strategies on secondary-school
students’ inquiry skills. Res. Sci. Technol. Educ. 2019, 37, 366-392. [CrossRef]

29. Lynch, D.J.; Trujillo, H. Motivational beliefs and learning strategies in organic chemistry. Int. J. Sci. Math. Educ. 2011, 9, 1351-1365.
[CrossRef]

30. Rotgans, J.; Schmidt, H. Examination of the context-specific nature of self-regulated learning. Educ. Stud. 2009, 35, 239-253.

[CrossRef]


https://doi.org/10.1039/b914499b
https://doi.org/10.1021/ed800026d
https://doi.org/10.1039/C4RP00165F
https://doi.org/10.1039/C3RP00111C
https://doi.org/10.1039/C5RP00128E
https://doi.org/10.29333/pr/12307
https://doi.org/10.1039/B806226A
https://doi.org/10.1016/j.tsc.2019.100584
https://doi.org/10.62345/jads.2024.13.1.12
https://doi.org/10.1080/0729436042000235409
https://doi.org/10.1021/ed083p49
https://doi.org/10.26803/ijlter.21.3.21
https://doi.org/10.36681/tused.2020.48
https://doi.org/10.30935/scimath/12339
https://doi.org/10.1186/s43031-021-00040-z
https://doi.org/10.1080/09500693.2023.2250067
https://doi.org/10.1080/03057267.2012.655037
https://doi.org/10.1002/tea.21334
https://doi.org/10.1080/03075070903315502
https://doi.org/10.1007/s11165-012-9321-2
https://doi.org/10.1002/sce.10128
https://doi.org/10.1039/D2RP00110A
https://doi.org/10.1080/02635143.2019.1579187
https://doi.org/10.1007/s10763-010-9264-x
https://doi.org/10.1080/03055690802648051

Educ. Sci. 2024, 14,1233 12 of 13

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

Zhao, Y.; Wang, L. A case study of student development across project-based learning units in middle school chemistry. Discipl.
Interdiscip. Sci. Educ. Res. 2022, 4, 5. [CrossRef]

Iglesias, P; Tejada, J. Practice as Research through Inquiry-Based Learning: A Pedagogical Intervention with Music Students in
Higher Education. Educ. Sci. 2024, 14, 738. [CrossRef]

Gillies, R.M. Using Cooperative Learning to Enhance Students’ Learning and Engagement during Inquiry-Based Science. Educ.
Sci. 2023, 13, 1242. [CrossRef]

Akcay, B.; Benek, I. Problem-Based Learning in Tiirkiye: A Systematic Literature Review of Research in Science Education. Educ.
Sci. 2024, 14, 330. [CrossRef]

Lenkauskaité, J.; Bubnys, R.; Masiliauskiené, E.; Malinauskiené, D. Participation in the assessment processes in problem-based
learning: Experiences of the students of social sciences in Lithuania. Educ. Sci. 2021, 11, 678. [CrossRef]

Adinda, D.; Mohib, N. Teaching and instructional design approaches to enhance students’ self-directed learning in blended
learning environments. Electron. |. e-Learn. 2020, 18, 162-174. [CrossRef]

Srisawasdi, N. and P. Panjaburee, Implementation of game-transformed inquiry-based learning to promote the understanding of
and motivation to learn chemistry. J. Sci. Educ. Technol. 2019, 28, 152-164. [CrossRef]

Meulenbroeks, R.; van Rijn, R.; Reijerkerk, M. Fostering secondary school science students’ intrinsic motivation by inquiry-based
learning. Res. Sci. Educ. 2024, 54, 339-358. [CrossRef]

Oskarsson, M.; Karlsson, K.G. Health care or Atom bombs? Interest profiles connected to a science career in Sweden. Nord. Stud.
Sci. Educ. 2011, 7, 190-201. [CrossRef]

Han, S. Korean Students” Attitudes toward STEM Project-Based Learning and Major Selection. Educ. Sci. Theory Pract. 2017, 17,
529-548.

Tudor Car, L.; Kyaw, B.M.; Dunleavy, G.; Smart, N.A.; Semwal, M.; Rotgans, ].I.; Low-Beer, N.; Campbell, J. Digital Problem-Based
Learning in Health Professions: Systematic Review and Meta-Analysis by the Digital Health Education Collaboration. J. Med.
Internet Res. 2019, 21, €12945. [CrossRef]

Bell, J. Introducing problem-based learning as a learning strategy for Masters students. Pract. Res. High. Educ. 2012, 6, 3-11.
Schultz, C.; Kim, S. Authentic Problem-Based Collaborative Learning Practices for Professional Development in Teacher Education.
Int. J. Educ. Lead. Prep. 2008, 3, 2.

Ertmer, P.A.; Simons, K.D. Jumping the PBL implementation hurdle: Supporting the efforts of K-12 teachers. Interdiscip. J. Probl.
Based Learn. 2006, 1, 40-54. [CrossRef]

Pintrich, P. The Role of Goal Orientation in Self-Regulated Learning. In Handbook of self-Regulation; Academic: Cambridge, MA,
USA, 2000.

Pintrich, PR. A conceptual framework for assessing motivation and self-regulated learning in college students. Educ. Psychol. Rev.
2004, 16, 385-407. [CrossRef]

Schunk, D.H.; Benedetto, M.K. Self-efficacy and human motivation. In Advances in Motivation Science; Elsevier: Amsterdam, The
Netherlands, 2021; Volume 8, pp. 153-179.

Savery, J.R.; Duffy, T.M. Problem based learning: An instructional model and its constructivist framework. Educ. Technol. 1995, 35,
31-38.

Hmelo-Silver, C.E.; Duncan, R.G.; Chinn, C.A. Scaffolding and achievement in problem-based and inquiry learning: A response
to Kirschner, Sweller, and. Educ. Psychol. 2007, 42, 99-107. [CrossRef]

Lynch, D.]. Motivational factors, learning strategies and resource management as predictors of course grades. Coll. Stud. ]. 2006,
40, 423-429.

Bybee, RW.; Taylor, J.A.; Gardner, A.; Van Scotter, P.; Powell, J.C.; Westbrook, A.; Landes, N. The BSCS 5E Instructional Model:
Origins and Effectiveness; BSCS: Colorado Springs, CO, USA, 2006; Volume 5.

Pintrich, PR.; De Groot, E.V. Motivational and self-regulated learning components of classroom academic performance. J. Educ.
Psych. 1990, 82, 33. [CrossRef]

Mayring, P. Qualitative Content Analysis: Theoretical Background and Procedures. In Approaches to Qualitative Research in
Mathematics Education: Examples of Methodology and Methods; Springer: Dordrecht, The Netherlands, 2015; pp. 365-380.

Tsankov, N.S. Students’” motivation in the process of problem-based education in chemistry and environmental sciences. Int. J.
Human. Soc. Sci. 2012, 2, 155-166.

Chyung, S.Y.; Moll, A.].; Berg, S.A. The role of intrinsic goal orientation, self-efficacy, and e-learning practice in engineering
education. J. Effect. Teach. 2010, 10, 22-37.

Liu, M. The effect of a hypermedia learning environment on middle school students” motivation, attitude, and science knowledge.
In Classroom Integration of Type II Uses of Technology in Education; Routledge: Loudon, UK, 2012; pp. 159-171.

Rimini, M.; Spiezia, V. Skills for a Digital World in 2016 Ministerial Meeting on the Digital Economy; OECD Digital Economy papers;
OECD: Paris, France, 2016.

Eggen, P.; Kauchak, D. Educational Psychology: Windows on Classrooms; Pearson: Upper Saddle River, NJ, USA, 2007.

Van Dinther, M.E. Dochy, and M. Segers, Factors affecting students’ self-efficacy in higher education. Educ. Res. Rev. 2011, 6,
95-108. [CrossRef]

Hmelo-Silver, C.E. Problem-Based Learning: What and How Do Students Learn? Educ. Psychol. Rev. 2004, 16, 235-266. [CrossRef]


https://doi.org/10.1186/s43031-021-00045-8
https://doi.org/10.3390/educsci14070738
https://doi.org/10.3390/educsci13121242
https://doi.org/10.3390/educsci14030330
https://doi.org/10.3390/educsci11110678
https://doi.org/10.34190/EJEL.20.18.2.005
https://doi.org/10.1007/s10956-018-9754-0
https://doi.org/10.1007/s11165-023-10139-0
https://doi.org/10.5617/nordina.242
https://doi.org/10.2196/12945
https://doi.org/10.7771/1541-5015.1005
https://doi.org/10.1007/s10648-004-0006-x
https://doi.org/10.1080/00461520701263368
https://doi.org/10.1037/0022-0663.82.1.33
https://doi.org/10.1016/j.edurev.2010.10.003
https://doi.org/10.1023/B:EDPR.0000034022.16470.f3

Educ. Sci. 2024, 14,1233 13 of 13

61.

62.

63.

64.

65.

66.

67.

Lynch, D.J. “I've studied so hard for this course, but don’t get it!” Differences between student and faculty perceptions. Coll. Stud.
J. 2007, 41, 22-25.

Blumenfeld, P.C.; Soloway, E.; Marx, RW.; Krajcik, J.S.; Guzdial, M.; Palincsar, A. Motivating project-based learning: Sustaining
the doing, supporting the learning. Educ. Psych. 1991, 26, 369-398. [CrossRef]

Chin, C.; Osborne, ]. Students’ questions: A potential resource for teaching and learning science. Stud. Sci. Educ. 2008, 44, 1-39.
[CrossRef]

Miller, H.R.; McNeal, K.S.; Herbert, B.E. Inquiry in the physical geology classroom: Supporting students” conceptual model
development. J. Geog. High. Educ. 2010, 34, 595-615. [CrossRef]

Sansone, N.; Cesareni, D.; Bortolotti, I.; Sarah Buglass, S. Teaching technology-mediated collaborative learning for trainee teachers.
Technol. Pedagog. Educ. 2019, 28, 381-394. [CrossRef]

Lee, J.; Choi, H. Rethinking the flipped learning pre-class: Its influence on the success of flipped learning and related factors. Br. ].
Educ. Technol. 2019, 50, 934-945. [CrossRef]

Ho, H.N.J.; Tsai, M.].; Wang, C.Y.; Tsai, C.C. Prior knowledge and online inquiry-based science reading: Evidence from eye
tracking. Int. |. Sci. Math. Educ. 2014, 12, 525-554. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/00461520.1991.9653139
https://doi.org/10.1080/03057260701828101
https://doi.org/10.1080/03098265.2010.499562
https://doi.org/10.1080/1475939X.2019.1623070
https://doi.org/10.1111/bjet.12618
https://doi.org/10.1007/s10763-013-9489-6

	Introduction 
	Research Methodology 
	Participants and Sampling 
	Teaching and Learning Process 
	Data Collection 
	Data Analysis 

	Results and Findings 
	Research Question 1: What Are Student Teachers’ Dispositions Towards Motivational Orientations and Learning Strategies of Chemistry Learning in IBL Settings? 
	Motivational Orientations 
	Learning Strategies 

	What Are Student Teachers’ General Views on Learning Chemistry in the IBL Classroom? 

	Discussion 
	Conclusions and Recommendation 
	References

