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Early Diagnostic Analysis of Chemistry Students’ Learning Profiles:
Motivation, Study Habits, and Affective Factors

1. Introduction

Chemistry learning at the university level requires students to integrate conceptual
understanding with procedural skills such as abstract reasoning, problem-solving, and
mathematical representations. For pre-service chemistry teachers, the challenge is intensified
because they must also connect concepts to everyday phenomena and school contexts. In
practice, instructional expectations often diverge from students’ learning realities, which may
include irregular study habits, limited independent study time, unconducive learning
environments, and assessment anxiety that interferes with clear thinking. This discrepancy is
shaped by multiple factors, including the pedagogical content knowledge (PCK) of pre-service
teachers, which is often insufficient to support chemistry learning (Deng et al., 2024; Monch &
Markic, 2024). Moreover, psychological barriers can limit students’ ability to apply conceptual
knowledge; science students, including pre-service chemistry teachers, frequently report
elevated anxiety that impedes learning (Suhaimi et al., 2024) ridge expectations and experiences
(der Merwe, 2022). Addressing psychosocial factors can create learning environments that
foster conceptual and procedural competence (Can-Kucuk et al., 2022).

Research in science education consistently indicates that learning success is not
determined solely by cognitive ability but is also shaped by non-cognitive factors such as
motivation, learning goals, study habits, self-confidence (self-efficacy), academic anxiety, and
learning conditions. These factors influence students’ engagement, persistence when facing
difficulties, and their capacity to regulate learning strategies effectively. Consequently,
understanding students’ learning profiles at the beginning of a course is essential for instructors
to design instruction, learning support, and assessment strategies that are responsive to students’
actual needs rather than relying on uniform instructional approaches. Research has shown that
self-efficacy plays a crucial role in enhancing student engagement and can mitigate anxiety
during challenging academic situations, particularly in science education (Yang et al., 2020).
Furthermore, motivation and learning goals significantly drive students' efforts and persistence,
which impacts their overall success in courses. It is also vital for educators to consider the
diversity of learning conditions that affect student access and engagement, thereby warranting
a tailored approach to teaching and learning (Gelabert et al., 2020). Additionally, studies
underscore the importance of profiling students to better understand their unique learning needs
and designing adaptive instructional methods, which can ultimately improve their academic
experiences and outcomes (Sibanda et al., 2021). By recognizing these non-cognitive factors,
educators can create a more inclusive and effective learning environment that supports all
students in achieving their educational goals.

Despite growing recognition of diagnostic assessments, gaps remain in early-course
profiling research in chemistry education. Many studies examine isolated dimensions such as
motivation or study habits without addressing how cognitive, affective, and contextual factors
interact to shape learning. In addition, diagnostic survey findings are often presented
descriptively without being translated into actionable instructional implications. Evidence
shows that pre-service teachers’ pedagogical content knowledge (PCK) substantially influences
teaching effectiveness, yet research frequently underestimates the complexity of integrating
cognitive and emotional factors in assessment and instruction (Purba et al., 2023). Qualitative
insights into students’ learning processes can add essential context that quantitative data may
miss, but this perspective remains underexplored (Monch & Markic, 2024). Moreover, focusing
on discrete factors such as motivation without examining their interaction with broader
educational contexts may overlook critical determinants of learning outcomes. Therefore, a
more integrated approach to profiling chemistry learners could strengthen teacher education by
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aligning instructional strategies with the lived needs and experiences of pre-service educators
(Lietal., 2022).

To address these gaps, this study presents a comprehensive early diagnostic analysis of
chemistry students’ learning profiles with a clear orientation toward instructional improvement.
The analysis integrates motivation and learning goals, study habits, affective factors (self-
confidence and anxiety), and learning conditions and access within a single framework
administered at the beginning of the course. Quantitative findings from scaled responses are
triangulated with students’ brief reflective responses on learning difficulties, effective
strategies, and instructional expectations, enabling a richer and more contextualized
interpretation that directly supports pedagogical decision-making. Prior research emphasizes
that multifaceted approaches are necessary because isolated analyses often fail to capture
interactions among cognitive and emotional factors that shape learning outcomes (Darmastuti
et al., 2025). Inquiry-based approaches, for instance, can enhance engagement by aligning
learning goals with effective study practices (Martini Meilani & Faradiba, 2019). In addition,
qualitative insights from reflective assessments can deepen interpretations of quantitative
measures by clarifying students’ perceived challenges and expectations (Irwanto et al., 2022).
This integrated methodology aligns with calls for responsive, holistic pedagogical frameworks
in STEM education.

Accordingly, the purpose of this study is threefold. First, to describe chemistry students’
initial learning profiles at the beginning of university courses in terms of motivation and
learning goals, study habits, self-confidence and anxiety, and learning conditions and access.
Second, to identify dominant learning challenges and preferred learning strategies based on
students’ reflective responses. Third, to formulate instructional implications that can support
the design of more adaptive, structured, and supportive chemistry learning experiences.
Through these objectives, the study seeks to contribute empirical evidence that can guide
instructors in fostering meaningful learning, strengthening conceptual understanding, and
supporting the development of competent pre-service chemistry teachers.

2. Method
Research Design

This study employed a descriptive survey using a mixed-methods diagnostic approach
to examine students’ initial learning profiles at the beginning of a university chemistry course.
Quantitative data were used to describe tendencies across key learning dimensions, while
qualitative data from brief reflective responses were used to enrich and explain the quantitative
findings.
Participants and Context

The participants were 53 undergraduate chemistry students Universitas Negeri
Makassar, primarily pre-service chemistry teachers, enrolled in a chemistry course at the
beginning of the semester. Participants were selected through convenience sampling based on
course enrollment. The study focused on students’ baseline learning characteristics prior to the
implementation of major instructional interventions.
Instrument

Data were collected using an Early Course Diagnostic Questionnaire developed to
capture multiple dimensions of students’ learning profiles. The questionnaire consisted of two
parts. The first part comprised 16 Likert-scale items measured on a 5-point scale (1 = strongly
disagree to 5 = strongly agree), organized into three constructs: motivation and learning goals,
study habits, and affective factors, including self-confidence and academic anxiety. One item
reflecting a performance-oriented goal (prioritizing grades over conceptual understanding) was
reverse-coded to ensure consistent interpretation. The second part included categorical and
multiple-response items addressing learning conditions and access, such as device and internet
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availability, realistic weekly independent study time, external commitments, and home or
dormitory learning environments. In addition, three open-ended questions were included to
elicit students’ reflections on learning difficulties, effective learning strategies, and expectations
of instructional support.
Reliability of the Instrument

The internal consistency of the Likert-scale section of the questionnaire was examined
using Cronbach’s alpha coefficient. Prior to the analysis, the performance-oriented item
prioritizing grades over conceptual understanding was reverse-coded. The reliability analysis
showed acceptable internal consistency for the overall 16-item scale (a0 = 0.785). At the
construct level, the study habits subscale demonstrated acceptable reliability (o = 0.735),
whereas motivation and learning goals showed lower internal consistency (o = 0.491) and the
affective factors subscale also showed lower internal consistency (a0 = 0.461). Given the
diagnostic and descriptive purpose of the instrument, the multidimensional nature of the
constructs, and the limited number of items per subscale, the subscale scores were interpreted
cautiously as descriptive indicators.
Data Collection Procedure

The questionnaire was administered once as an early-semester diagnostic survey.
Students completed the instrument during the initial phase of the course to reflect their prior
learning habits, affective states, and learning conditions. Participation was voluntary, and
responses were used solely for research and instructional improvement.
Data Analysis

Quantitative data were analyzed using descriptive statistics, including frequencies,
percentages, means, and standard deviations. Categorical and multiple-response items were
recoded into meaningful categories and summarized as proportions. Qualitative data from open-
ended responses were analyzed using thematic analysis, involving familiarization with the data,
initial coding, theme development, and theme refinement. Finally, quantitative and qualitative
findings were triangulated to generate integrated interpretations and to formulate instructional
implications.

3. Research Findings and Discussion
Motivation and Learning Goals
Students’ motivation and learning goals at the beginning of the course were examined
using descriptive statistics. Table 1 presents the mean scores, standard deviations, and response
distributions for the six items representing students’ orientation toward conceptual
understanding, persistence, and professional relevance as pre-service chemistry teachers.
Table 1. Descriptive Statistics of Students’ Motivation and Learning Goals

No. Item Mean SD A(§/I:;e N?},l/(t);al Dlz:‘,‘/f;ee
1 I want to understand chemistry 4.74 0.52 96.23 3.77 0.00
because it is important for
becoming a pre-service chemistry
teacher.
2 My goal in this course is to 4.68 0.61 96.23 1.89 1.89
understand concepts, not merely
to pass or obtain high grades.
3 I am interested in connecting 4.21 0.77 7547 24.53 0.00
chemistry concepts with
everyday phenomena or school
contexts.
4 When I encounter difficult 4.08 0.74 7736 20.75 1.89
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Agree  Neutral Disagree
No. Item Mean SD (%) (%) (%)
problems, I usually try several
approaches before giving up.
5 I believe that my learning effort 4.75 0.47 98.11 1.89 0.00
strongly influences my learning
outcomes.
6 Understanding concepts is more 4.00 0.85 7547 20.75 3.77
important to me than obtaining
high grades.

As shown in Table 1, students demonstrated a strong mastery-oriented motivational
profile, with a high construct mean (M = 4.40, SD = 0.35) and 92.45% of students categorized
in the high range (> 4.0). The highest agreement was observed for beliefs that learning effort
influences outcomes (98.11%) and that understanding concepts rather than merely passing or
obtaining grades is the primary learning goal (96.23%). These results indicate that most students
enter the course with intrinsic motivation and a clear professional orientation, which is widely
recognized as a positive foundation for deep learning in science education.

Research has highlighted important item-level variations in student experiences of
learning chemistry, particularly concerning the relevance of chemistry concepts to everyday
life. While students express a positive valuation of contextualized learning (M = 4.21), notable
neutral responses (24.53%) indicate uncertainty in application across various situations. This
phenomenon is consistent with findings in educational literature indicating that when curricula
are integrated with real-world contexts, students often display improved comprehension and
engagement (Sristy et al., 2023). Moreover, studies have shown that curricula which explicitly
incorporate real-world applications can enhance students' achievement and perceptions of
relevant chemistry content (Ifat Sristy et al., 2023). These findings point to the necessity of a
pedagogical shift that prioritizes learning tasks that directly connect classroom chemistry
concepts to students’ personal and societal experiences, thereby strengthening their conceptual
uptake.

Alongside the contextualization emphasis, persistence in problem-solving remains a
critical concern. Although many students demonstrate a commitment to tackling difficult
problems, nearly one-fifth of learners remain neutral when faced with challenges. This scenario
resonates with the current literature which emphasizes that fostering a supportive learning
environment is essential for nurturing perseverance among students (Maglasang et al., 2025).
Specifically, innovative instructional strategies, such as project-based learning and graduated
complexity in problem sets, have been advocated to scaffold persistence effectively (Hidayah
et al., 2025). Further, integrating elements of STEM education not only promotes conceptual
understanding but also equips students with the necessary competencies to navigate complex
problems in a collaborative manner. Thus, implementing well-structured instructional practices
that explicitly foster perseverance through adaptive challenges is crucial for enhancing students'
confidence in their problem-solving capabilities in chemistry.

Study Habits

Students’ study habits were analyzed to capture the extent to which effective learning
strategies are consistently practiced. Table 2 summarizes the descriptive statistics for six items
representing routine study behaviors, active learning strategies, reflective practices, and
collaborative learning.
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Tabel 2. Descriptive Statistics of Students’ Study Habits

Agree Neutral Disagree
No. Item Mean SD (%) (%) (%)

1 I study chemistry regularly (at  3.34 0.73 35.85 56.60 7.55
least 2-3 times/week), not only
before exams.

2 I make structured ~ 3.66 091 50.94 37.74 11.32
notes/concept  maps  after
lectures.

3 When I do not understand, I  4.15 0.77 79.25 18.87 1.89
seek other sources
(books/videos/articles) to
compare explanations.

4 After quizzes/assignments, 1  3.81 0.70  67.92 32.08 0.00
evaluate what I got wrong and
why.

5 I usually discuss in groups to  3.74 0.97 60.38 30.19 943
test understanding (not merely
to share answers).

6 When studying, [ practice  4.02 0.81 75.47 20.75 3.77
solving problems and check
mistakes (not only reading).

Overall, students' study habits were found to be moderately developed (M = 3.80, SD =
0.53), with a majority categorizing their habits as moderate (52.83%), while only 41.51%
displayed consistently high study engagement. However, the least favorable behavior recorded
was related to regular study sessions, as indicated by a mean score of (M = 3.34), with more
than half of the respondents expressing neutral sentiments about their study frequency. This
trend suggests that many students have yet to establish stable study routines, which can
significantly hamper the cumulative understanding of a complex subject like chemistry.
Research indicates that ineffective study habits can correlate with lower academic performance,
particularly in challenging courses. Afyusisye & Gakuba (2022) argue that practical work in
chemistry promotes positive attitudes, which can influence students' academic performance.
This notion aligns with the concept of self-regulated learning, which posits that students who
adopt structured study habits are more likely to succeed academically, particularly in content-
heavy subjects.

The lack of a consistent study routine has been identified as a barrier to deep learning
in the subject matter. Students who do not engage in regular study tend to rely on rote
memorization, which is insufficient for mastering intricate concepts. The importance of
practical engagement in chemistry education cannot be overstated. Although not directly
relevant to the topic, some research highlights the importance of innovative learning materials
in improving students' competencies in chemistry (Situmorang et al., 2020). Consequently,
integrating structured study practices with practical laboratory experiences could bridge the gap
in students' understanding and retention of chemistry concepts. Coupled with innovative
instructional strategies, such as project-based learning, educators can enhance students' study
habits and foster environments conducive to meaningful learning in chemistry, encouraging
greater engagement over time.

In contrast, several active learning behaviors showed strong endorsement. Seeking
alternative learning resources when confused (M = 4.15; 79.25% agreement) and practicing
problem solving while checking mistakes (M = 4.02; 75.47% agreement) emerged as clear
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strengths. These patterns suggest that students are willing to engage actively when difficulties
arise, even if such strategies are not yet embedded in regular routines. Taken together, Table 2
indicates a gap between students’ awareness of effective strategies and the consistency with
which those strategies are enacted—underscoring the importance of structured scaffolding,
such as frequent low-stakes assignments and guided reflection activities.
Affective Factors: Self-Confidence and Anxiety

Students’ affective profiles were examined through self-confidence, mathematics
confidence, assessment anxiety, and comfort in help-seeking. Table 3 presents descriptive
statistics for each affective indicator, while Figure 1 visualizes the distribution of agreement,
neutrality, and disagreement across these dimensions.

Table 3. Descriptive Statistics of Affective Factors: Self-Confidence and Anxiety

No. Item Mean SD Agree (%) Ni},?;al Dl::‘,‘/g; ce
(1] (1]

1 I am confident that I can 3.83 0.90 67.92 22.64 9.43
understand the chemistry
content in this course.

2 I am confident using basic  3.32 0.96 41.51 41.51 16.98
mathematics (algebra,
logs, graphs) for
chemistry problems.

3 During chemistry 3.72 0.98 58.49 33.96 7.55
quizzes/exams, [ often
panic and struggle to
think clearly.

4 I feel comfortable asking 3.49 1.02 47.17 39.62 13.21
questions in class or via
chat/forums when I do not
understand.

The results reveal moderate confidence in understanding chemistry content (M = 3.83),
but notably lower confidence in using basic mathematics for chemistry problem solving (M =
3.32). Almost equal proportions of students agreed and responded neutrally regarding
mathematics confidence, indicating uncertainty rather than clear readiness. This pattern is
pedagogically significant, as mathematical reasoning is integral to many chemistry topics and
may function as a barrier to engagement if not explicitly supported.

Assessment-related anxiety emerges as a significant issue among students, with findings
indicating that a substantial percentage (58.49%) experience panic during quizzes or exams,
while few students voice disagreement with this sentiment. Such anxiety adversely affects
working memory and problem-solving capabilities, potentially causing students to
underperform relative to their actual understanding of the subject matter (Gause et al., 2024).
This phenomenon is not unique to the field of chemistry; similar patterns have been observed
across various academic disciplines, where high-stakes testing environments heighten anxiety
levels and impede student performance (Barnett et al., 2021). It is crucial to acknowledge that
a moderate level of comfort in asking questions to seek clarification reflects a prevalent
hesitance among students. The existence of a substantial neutral group implies that many
students feel uncomfortable or uncertain about their right to seek additional support, which
could further exacerbate their anxiety levels and hinder their overall learning experiences
(Gause et al., 2024).
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100
B Agree (4-5)
B Neutral (3)

80 - B Disagree (1-2)

Percentage of responses

Figure 1. Affective factors: response distribution

Collectively, these affective patterns underscore the pressing need for instructional
practices that mitigate evaluative threats, normalize mistakes, and promote psychological safety
in the classroom. By creating an environment conducive to open communication and emotional
well-being, educators can substantially reduce students’ anxiety surrounding assessments.
Literature advocates for comprehensive support systems such as mentoring and targeted skill
development programs that equip students with strategies to manage anxiety and promote a
growth mindset (Bento et al., 2021). Implementing pedagogical approaches, such as flipped
classrooms or enhanced feedback mechanisms, can also facilitate active learning and foster a
greater sense of engagement among students, thus reducing anxiety and encouraging a more
positive learning environment (Cho & Kim, 2019). These educational strategies are essential
for cultivating resilience in students, enabling them to approach assessments with increased
confidence and a robust understanding of the material.

Learning Conditions and Access

Students’ learning conditions and access were examined to provide contextual insight
into factors that may facilitate or constrain engagement and learning in the chemistry course.
Figure 2 presents an integrated overview of students’ access to devices and internet, realistic
independent study time per week, home or dormitory learning environments, and commitments
outside coursework, offering a contextual baseline for interpreting patterns observed in
motivation, study habits, and affective factors.

2-4 hours.

5-7 hours
stable access

Figure 2a. Access to Devices and Internet Figure 2b. Independent Study Time per Week

Conducive

Other commitments

Part-time work

Student organizations
Sometim Family re:

Figure 2c. Home/Dorm Leaming Environment Figure 2d. Cor lents Outside Coursework

Figure 2. Learning Conditions and Acces
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The distributions in Figure 2 indicate that, although most students possess adequate
access to learning technology, the quality and stability of this access remain uneven. A
considerable proportion relies primarily on smartphones with intermittently unstable internet
connectivity, which may limit engagement in learning activities that require sustained attention,
simultaneous use of multiple resources, or extensive problem-solving. This technological
constraint is compounded by limited realistic independent study time, as the majority of
students report four hours or less per week for self-study. Such time limitations help explain
why regular study routines were the weakest component of students’ study habits, despite their
willingness to engage in active strategies such as seeking additional resources and practicing
problem solving. These findings underscore the importance of designing learning activities that
are time-efficient, mobile-friendly, and structured to promote cumulative learning through short
but frequent engagement.

Figure 2 highlights the significant influence of environmental and situational factors on
students' learning experiences. A little over half of the students report a conducive study
environment at home or in dormitories, but many encounter frequent or occasional disruptions
that undermine their concentration and persistence, particularly during cognitively demanding
tasks like chemistry problem-solving. This aligns with findings by Mangubat, who emphasized
that when students face distractions, their learning outcomes diminish, leading to decreased
motivation and performance (Mangubat, 2023). Additionally, the prevalence of external
commitments outside of coursework highlights the challenges many students face in balancing
academic responsibilities with other obligations, which further increases the likelihood of
fragmented study time and heightened cognitive load. According to Sakkir et al. (2023)
asynchronous learning models offer flexibility, allowing students to navigate their academic
commitments more effectively and create a more balanced approach to their studies.
Qualitative Reflections and Triangulation

Building on the quantitative patterns identified across motivation, study habits, affective
factors, and learning conditions, qualitative reflections provide explanatory insight into how
students experience early chemistry learning. Overall, students’ narratives help clarify why
strong motivation and positive learning goals do not always translate into consistent study
routines or confident performance, particularly in cognitively demanding contexts. Consistent
with the moderate levels of self-confidence and the high prevalence of assessment-related
anxiety observed in the survey results, students frequently described difficulties related to
conceptual abstraction, instructional pace, and quantitative demands. Many reflections indicate
that explanations perceived as too fast or insufficiently detailed make it difficult for students to
follow multi-step reasoning, especially when mathematical operations are involved. These
experiences help explain the coexistence of high motivation with uncertainty and anxiety,
suggesting that affective challenges are closely tied to cognitive load rather than to low effort
or disengagement.

In line with the quantitative findings on study habits, students’ reflections emphasize
active, problem-oriented strategies as their primary means of learning. Repeated practice,
discussion with peers, and the use of videos or alternative explanations were commonly
mentioned as effective approaches to overcoming confusion. However, qualitative responses
also suggest that these strategies are often employed reactively, triggered by difficulty or
assessment demands, rather than integrated into regular study routines. This pattern aligns with
the survey result showing strong endorsement of active strategies alongside weak consistency
in routine studying, highlighting a gap between strategic awareness and habitual practice.

Students’ expectations of instructional support connect individual learning behaviors
with contextual constraints. The strong demand for clear, step-by-step explanations and
accessible learning materials reflects both cognitive needs and practical realities such as limited
independent study time, uneven technological access, and variable learning environments. This
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assertion is supported by research from Shin et al. (2020) which highlights that well-structured
instructional scaffolding provides essential support for learners and enhances their
understanding of materials. For students facing fragmented study opportunities, revisitable
materials and explicit scaffolding function as critical supports that enable sustained engagement
beyond the classroom. These qualitative insights reinforce the idea that learning conditions
shape how, when, and to what extent students can enact effective study strategies. Mamun
(2022) indicates that structured integration of scaffolding can promote self-regulation and
enhance learners' exploration skills during inquiry-based learning processes.

4. Conclusion

This study offers an early diagnostic portrait of chemistry students’ learning profiles at
the beginning of a course, revealing a coherent yet nuanced pattern across motivational,
strategic, affective, and contextual dimensions. The findings show that students enter the course
with strong mastery-oriented motivation and positive learning goals; however, these strengths
are accompanied by only moderately consistent study habits, limited confidence in
mathematical reasoning, and a high prevalence of assessment-related anxiety. Qualitative
reflections further clarify that these affective challenges are closely linked to perceived
conceptual difficulty, instructional pacing, and quantitative demands, rather than to a lack of
effort or engagement. Contextual constraints—including limited independent study time,
uneven access to stable technology, variable learning environments, and competing
commitments—further shape how students enact learning strategies. Taken together, the results
underscore the value of early diagnostic assessment as a foundation for instructional decision-
making, highlighting the need for explicit cognitive scaffolding, anxiety-sensitive assessment
practices, and flexible, revisitable learning resources that align with students’ motivational
strengths and lived learning conditions.
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