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    ABSTRACT

    This cross-sectional study examined chemistry self-efficacy, chemistry anxiety, and perceived learning outcomes among 122 first- to third-year BSEd Science majors recruited through self-selection sampling. Analyses were conducted in jamovi. Self-efficacy had a weak, no significant correlation with anxiety, r (120) = .178, p = .050018. Anxiety had a weak positive correlation with perceived cognitive outcomes, r = .202, p = .026, but was not a significant unique predictor after self-efficacy was included. The regression models explained 36.6% of the variance in cognitive outcomes, 14.8% in affective outcomes, and 40.9% in psychomotor outcomes. Self-efficacy was a significant positive statistical predictor in all three models (β = .580, .384, and .625, respectively; all p < .001). The bootstrapped indirect effects through anxiety were not statistically significant for cognitive (B = .0164, 95% CI [−.0102, .0645]), affective (B = .00059, 95% CI [−.0358, .0399]), or psychomotor outcomes (B = .0103, 95% CI [−.0152, .0529]). The cross-sectional, self-reported data do not establish causation
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INTRODUCTION





Chemistry knowledge and
skills are important for BSEd Science majors because they strengthen scientific
literacy and prepare future teachers to address real-life concerns. Chemistry
helps students explain how chemical processes affect health and the environment
and supports informed decision-making (Pascal & Chisca, 2023; Sevian &
Bulte, 2015). Chemistry instruction can also develop critical thinking,
communication, collaboration, and problem-solving skills required in science
teaching. Chemistry learning involves cognitive, affective, and psychomotor
outcomes. Cognitive outcomes include understanding, applying, and analyzing
chemistry concepts (“Indispensability of Integrating Three Levels…,” 2024).
Affective outcomes involve students’ interest, motivation, and attitudes toward
chemistry (Agustian, 2024). Psychomotor outcomes include performing
experiments, using laboratory equipment, making measurements, and following
safety procedures (Galloway & Bretz, 2015). These domains are connected and
contribute to meaningful chemistry learning (Pesimo, 2014; Chakraborty, 2025;
Erlina et al., 2025).


Chemistry self-efficacy
refers to students’ task-specific judgments of their capability to organize and
perform the actions required for chemistry learning. It is related to, but
conceptually more precise than, general confidence. Students with stronger
chemistry self-efficacy often demonstrate greater motivation, persistence,
engagement, and achievement (Odedokun et al., 2024; Zaluddin et al., 2025).
Mastery experiences, constructive feedback, teacher support, and laboratory
participation may strengthen these capability beliefs (Cheung, 2015a, 2015b;
Vishnumolakala et al., 2017). Chemistry anxiety is the worry or tension students
experience when studying chemistry, taking examinations, or performing
laboratory activities. High anxiety may reduce concentration, participation,
confidence, and performance. Studies have reported that anxiety is negatively
associated with science and chemistry learning outcomes (Muslihah et al., 2025;
Liday, 2025; Eddy, 2000).


Self-efficacy, chemistry
anxiety, and learning outcomes may be related. Students with stronger
self-efficacy tend to experience less anxiety and demonstrate more positive
attitudes toward chemistry (Kurbanoglu & Akin, 2010; Kurbanoğlu &
Akin, 2012). Strong confidence may also support better laboratory participation
and performance (Ogunde, 2019; Pulukuri et al., 2024). Learning activities such
as virtual laboratories may further increase self-efficacy and reduce anxiety
(Kolil et al., 2020).


Although previous studies
have examined chemistry self-efficacy, chemistry or laboratory anxiety, and
academic outcomes, fewer studies have tested anxiety as a mediator between
self-efficacy and multidimensional perceived learning outcomes among Philippine
BSEd Science majors. Existing local research has more often emphasized
laboratory facilities, theory-practice gaps, research proficiency, and inquiry
competencies (Catubig et al., 2025; Pablo et al., 2025; Park et al., 2024).
Examining the proposed pathway in a teacher-education context may clarify
whether a control-related belief is associated with perceived cognitive,
affective, and psychomotor learning directly or indirectly through chemistry
anxiety.


Chemistry anxiety may also
explain how self-efficacy affects perceived learning outcomes. Students with
higher self-efficacy may experience less anxiety, allowing them to participate
and learn more effectively. In contrast, anxiety may interfere with confidence,
thinking, and learning strategies (Lončarić, 2008). Therefore, this
study examines whether chemistry anxiety mediates the relationship between
self-efficacy and students perceived cognitive, affective, and psychomotor
learning outcomes.


Thus, this study examined the levels
of chemistry self-efficacy, chemistry anxiety, and perceived learning outcomes
and tested their relationships, predictive effects, and proposed indirect
relationships.


 


Research Questions


This study aims to assess
self-efficacy, anxiety, and perceived learning outcomes in chemistry.
Specifically, the study aims to address the questions:


1.    
What is the level of self-efficacy of BSEd Science majors in
chemistry classes? 


2.    
What is the level of chemistry anxiety among BSEd Science majors?


3.    
What is the level of students’ perceived learning outcomes in
chemistry in the dimensions of cognitive, affective, and psychomotor?


4.    
Is there a significant relationship between students’
self-efficacy and chemistry anxiety? 


5.    
Is students’ chemistry anxiety significantly related to their
perceived learning outcomes? 


6.    
Do self-efficacy and chemistry anxiety significantly predict
students’ perceived learning outcomes?


7.    
Does chemistry anxiety significantly mediate the relationship
between students’ self-efficacy and their perceived learning outcomes? 


 


THEORETICAL REVIEW


This study uses
Control–Value Theory (CVT) to examine chemistry self-efficacy, chemistry
anxiety, and BSEd Science majors’ perceived cognitive, affective, and
psychomotor learning outcomes. CVT explains that students’ emotions are related
to how much control they believe they have over a task and how much they value
it (Pekrun, 2019, 2024). Students who believe they can succeed in an important
task may experience more positive emotions, whereas uncertainty about success
may contribute to anxiety (Abuzant et al., 2023; Liu et al., 2025). In this
study, chemistry self-efficacy is treated as a control-related belief, rather
than a direct measure of CVT’s control appraisal. Previous studies have
generally linked stronger chemistry self-efficacy with lower anxiety, although
findings may vary across tasks and settings (Kurbanoglu & Akin, 2010;
Kurbanoğlu & Akin, 2012; Rummey et al., 2019).


Chemistry anxiety may be associated
with students’ understanding, participation, and laboratory work, while
stronger self-efficacy may be associated with greater engagement and
persistence (Avraamidou et al., 2022; Naibert et al., 2024). The study
therefore tests whether self-efficacy is related to anxiety (H₀₁); whether
anxiety is related to those outcomes (H₀₂); whether self-efficacy
and anxiety statistically predict each outcome (H₀₃); and
whether anxiety mediates between self-efficacy and each outcome (H₀₄). The
corresponding null hypotheses state that these relationships, predictions, and
indirect effects are not statistically significant. Because value appraisal was
not measured, this is only a partial application of CVT. The cross-sectional
data also cannot establish that self-efficacy causes changes in anxiety or
learning outcomes. Value appraisal
was not separately measured because the study’s instrument focused on chemistry
self-efficacy, chemistry anxiety, and perceived learning outcomes. Accordingly,
Control–Value Theory is used as an interpretive framework rather than tested in
its entirety. Self-efficacy represents a control-related belief, while
chemistry anxiety represents an achievement emotion.


 


Conceptual Framework


Figure 1 presents the conceptual
framework. Chemistry self-efficacy is the independent variable, chemistry
anxiety is the proposed mediator, and perceived cognitive, affective, and
psychomotor learning outcomes are examined separately as dependent variables.
The model tests the association between self-efficacy and anxiety (path a), the
association between anxiety and each outcome while controlling for
self-efficacy (path b), the total association between self-efficacy and each
outcome (path c), the direct association after anxiety is included (path
c-prime), and the bootstrapped indirect effect (ab). Because the data are
cross-sectional, these paths indicate statistical relationships rather than
temporal or causal effects. This is a statistical indirect-effect model.
Because all variables were measured at one time, the paths do not establish
temporal ordering or causal mediation. Value appraisal is acknowledged as a
component of Control–Value Theory but was not measured or included in the
statistical model.


 


 





Figure 1. The conceptual diagram.


 


 


 


 


 


 


 


 


 


METHODOLOGY  


This study used a cross-sectional,
correlational-predictive design to examine relationships among chemistry
self-efficacy, chemistry anxiety, and perceived learning outcomes; estimate the
unique statistical contribution of self-efficacy and anxiety to each outcome;
and estimate the proposed indirect effect through anxiety in the relationship
between self-efficacy and each perceived outcome. Correlation, multiple
regression, and indirect-effect analysis were appropriate for these objectives.
The design estimates associations and statistical prediction but does not
establish temporal order or causation; statistical prediction and indirect
effects must be interpreted as associations (Curtis et al., 2016).


The researchers obtained
permission for main-study data collection on September 15, 2026, from the Dean
of the College and the Teacher Education Department Program Chairperson of
Divine Word College of San Jose. Year-level representatives invited eligible
students through private messages and face-to-face announcements. The
invitation explained that participation was voluntary and that students could
decline or withdraw without penalty or effect on their academic standing.


Before completing the
questionnaire, students were informed of the study’s purpose, procedures, and
protections for their responses. Participants provided signed informed consent
in print or electronically. De-identified electronic data were stored in a
password-protected Microsoft account accessible only to the corresponding
author. De-identified files will be retained until the manuscript is approved
by the journal for publication, after which the corresponding author will
securely delete them.


The target population
comprised 177 BSEd Science majors enrolled at Divine Word College of San Jose
during the first semester of academic year 2026–2027. The main-study participants
were first- to third-year BSEd Science majors; 30 fourth-year students
participated only in reliability testing and were excluded from the main
analysis. Through self-selection sampling, 122 of 147 eligible first- to
third-year students who had completed, were taking chemistry courses, and those
who found time participated (83.0%). Voluntary participation introduces
possible nonresponse bias and limits generalizability. Year level was not
recorded for the main-study respondents; therefore, frequencies and percentages
by year level cannot be reported.


The study used a 50-item questionnaire
consisting of five 10-item scales: chemistry self-efficacy, chemistry anxiety,
perceived cognitive learning outcomes, perceived affective learning outcomes,
and perceived psychomotor learning outcomes. Self-efficacy items assessed
task-specific capability beliefs using a four-point scale from 1 (Very Low
Self-Efficacy) to 4 (Very High Self-Efficacy). Anxiety items used a four-point
intensity scale from 1 (Not at All) to 4 (Extremely). The perceived
learning-outcome items used a four-point agreement scale from 1 (Strongly
Disagree) to 4 (Strongly Agree). 


Table 1 presents scale-specific
Cronbach’s alpha coefficients of .865–.920. Chemistry anxiety and affective
learning outcomes showed excellent internal consistency (α ≥ .90);
self-efficacy and cognitive and psychomotor learning outcomes showed good
internal consistency (.80 ≤ α < .90). These five coefficients are
the principal reliability evidence for the distinct constructs.


 





 
  	
  Table 1. Reliability analysis

  
 

 
  	
  Constructs

  
  	
  Items

  
  	
  α

  
  	
  Interpretation

  
 

 
  	
  Chemistry Self-Efficacy

  
  	
  10

  
  	
  .871

  
  	
  Good
  internal consistency

  
 

 
  	
  Chemistry Anxiety

  
  	
  10

  
  	
  .911

  
  	
  Excellent
  internal consistency

  
 

 
  	
  Cognitive Learning Outcome

  
  	
  10

  
  	
  .867

  
  	
  Good
  internal consistency

  
 

 
  	
  Affective Learning Outcome

  
  	
  10

  
  	
  .920

  
  	
  Excellent
  internal consistency

  
 

 
  	
  Psychomotor Learning Outcome

  
  	
  10

  
  	
  .865

  
  	
  Good
  internal consistency

  
 







 


Table 2 presents the scale-level content
validity indices, calculated using the average method (S-CVI/Ave). The
questionnaire was evaluated by four experts: two in science education, one in
English language, and one in instructional leadership. The S-CVI/Ave values
were .975 for chemistry self-efficacy, .800 for chemistry anxiety, 1.000 for
cognitive learning outcomes, .950 for affective learning outcomes, and .925 for
psychomotor learning outcomes. Four of the five scales exceeded the .90
benchmark for excellent scale-level content validity. The chemistry anxiety
scale, with an S-CVI/Ave of .800, did not meet that benchmark. The four
validators rated item relevance on a four-point scale; ratings of 3 or 4
counted as relevant. Each item-level CVI was the proportion of validators
rating the item relevant, and S-CVI/Ave was the mean of the item-level indices
within a scale. 


 





 
  	
  Table
  2. Content-Validity Index of the Instrument

  
 

 
  	
  Indicators

  
  	
  S-CVI

  
  	
  Interpretation

  
 

 
  	
  Self-Efficacy

  
  	
  0.975

  
  	
  Excellent

  
 

 
  	
  Chemistry Anxiety

  
  	
  0.800

  
  	
  Below the .90 benchmark for excellent scale-level content
  validity

  
 

 
  	
  Cognitive Learning Outcomes

  
  	
  1.000

  
  	
  Excellent

  
 

 
  	
  Affective Learning Outcomes

  
  	
  0.950

  
  	
  Excellent

  
 

 
  	
  Psychomotor Learning Outcomes

  
  	
  0.925

  
  	
  Excellent

  
 







 


Data were analyzed using jamovi 2.7.38.
Descriptive statistics summarized the five constructs. Pearson product–moment
correlation examined pairwise associations. Separate multiple linear
regressions estimated the unique statistical contributions of self-efficacy and
anxiety to each perceived outcome. Residual diagnostics included Shapiro–Wilk,
visual residual plots, Breusch–Pagan, variance inflation factors, and
Durbin–Watson as an additional diagnostic. Separate indirect-effect analyses
used medmod with self-efficacy as the predictor, anxiety as the proposed
mediator, and each perceived outcome in turn. The models included no
covariates. Indirect effects were evaluated with 5,000 bootstrap samples and
95% confidence intervals; an interval excluding zero was considered evidence of
an indirect effect. 


 


Ethical Considerations


Permission for main-study
data collection was obtained on September 15, 2026, from the Dean of the
College, Dr. Luis I. Gante, Jr., and Teacher Education Department Program Chairperson,
Mrs. Elvie D. Aragones. Eligible students received information on the purpose,
procedures, risks, benefits, confidentiality, and voluntary nature of the
study. Participants received printed or electronic informed-consent forms and
could decline or withdraw without academic penalty. Recruitment was arranged to
minimize pressure from instructors. De-identified electronic data were stored
in a password-protected Microsoft account accessible only to the corresponding
author.  De-identified files will be retained until the manuscript is approved
by the journal for publication, after which the corresponding author will
securely delete them.


 


RESEARCH RESULTS


Table 3 shows high chemistry
self-efficacy overall, with a composite mean of 2.82 (SD = .597). The three
highest-rated indicators were performing well in chemistry assessments (M =
3.06), safely handling hazardous chemicals (M = 2.92), and interpreting
experimental data (M = 2.91). The two lowest were designing low-cost inquiry
experiments (M = 2.75) and troubleshooting laboratory and equipment problems (M
= 2.67). 


 





 
  	
  Table 3. Level of Self-Efficacy

  
 

 
  	
  Indicator

  
  	
  Mean

  
  	
  SD

  
  	
  Interpretation

  
 

 
  	
  CSE5.
  I can interpret experimental data accurately.

  
  	
  2.91

  
  	
  .546

  
  	
  High Self-Efficacy

  
 

 
  	
  CSE6.
  I can safely handle hazardous chemicals.

  
  	
  2.92

  
  	
  .597

  
  	
  High Self-Efficacy

  
 

 
  	
  CSE7.
  I can perform well in chemistry assessments.

  
  	
  3.06

  
  	
  .550

  
  	
  High Self-Efficacy

  
 

 
  	
  CSE8.
  I can design low-cost inquiry chemistry experiments.

  
  	
  2.75

  
  	
  .621

  
  	
  High Self-Efficacy

  
 

 
  	
  CSE9.
  I can troubleshoot laboratory and equipment problems.

  
  	
  2.67

  
  	
  .673

  
  	
  High Self-Efficacy

  
 

 
  	
  Composite
  Mean

  
  	
  2.82

  
  	
  0.597

  
  	
  High Self-Efficacy

  
 

 
  	
  Scale: 4.00 - 3.26 - Very High Self-Efficacy, 3.25 -
  2.51 - High Self-Efficacy, 2.50 - 1.76 - Low Self-Efficacy, 1.75 - 1.00 - Very
  Low Self-Efficacy

  
 







Note: The three highest- and two lowest-rated
indicators are shown. The composite mean and SD are based on all ten items in
the scale.


 


Table 4 shows high chemistry
anxiety overall (M = 2.56, SD = .794). The three highest-rated concerns were
failing chemistry (M = 3.10), starting difficult chemistry work (M = 2.60), and
receiving unexpected results (M = 2.54). The two lowest were using laboratory
equipment (M = 2.30) and participating in chemistry demonstrations (M = 2.25).


 





 
  	
  Table
  4. Level of Chemistry Anxiety

  
 

 
  	
  Indicator

  
  	
  Mean

  
  	
  SD

  
  	
  Interpretation

  
 

 
  	
  CA1. I feel nervous when starting difficult chemistry work.

  
  	
  2.60

  
  	
  .746

  
  	
  High Anxiety

  
 

 
  	
  CA3. I feel anxious when using laboratory equipment.

  
  	
  2.30

  
  	
  .768

  
  	
  Low Anxiety

  
 

 
  	
  CA6. I worry about failing chemistry.

  
  	
  3.10

  
  	
  .857

  
  	
  High Anxiety

  
 

 
  	
  CA9. Chemistry demonstrations during instruction make me
  nervous.

  
  	
  2.25

  
  	
  .745

  
  	
  Low Anxiety

  
 

 
  	
  CA10. Unexpected results make me feel overwhelmed.

  
  	
  2.54

  
  	
  .794

  
  	
  High Anxiety

  
 

 
  	
  Composite Mean

  
  	
  2.56

  
  	
  .794

  
  	
  High Anxiety

  
 

 
  	
  Scale: 4.00 - 3.26 - Very High Anxiety, 3.25 - 2.51 - High
  Anxiety, 2.50 - 1.76 - Low Anxiety, 1.75 - 1.00 - Very Low Anxiety

  
 







Note: The three highest- and two lowest-rated
indicators are shown. The composite mean and SD are based on all ten items in
the scale.


 


Table 5 shows a high level
of perceived cognitive learning outcomes with a composite mean of 3.04, SD =
.509. The highest-rated indicators were evaluating procedures (M = 3.18),
analyzing visualized data (M = 3.13), and applying chemistry to Philippine
environmental issues (M = 3.11). The lowest-rated were designing assessments of
students’ chemistry understanding (M = 2.96) and performing stoichiometric
calculations (M = 2.84). All five indicators were rated high.


 





 
  	
  Table 5. Level of Perceived
  Cognitive Learning Outcomes

  
 

 
  	
  Indicator

  
  	
  Mean

  
  	
  SD

  
  	
  Interpretation

  
 

 
  	
  CLO2. I can perform stoichiometric calculations
  accurately.

  
  	
  2.84

  
  	
  .536

  
  	
  High

  
 

 
  	
  CLO3. I can analyze visualized data.

  
  	
  3.13

  
  	
  .444

  
  	
  High

  
 

 
  	
  CLO7. I can evaluate procedures.

  
  	
  3.18

  
  	
  .464

  
  	
  High

  
 

 
  	
  CLO8. I can apply chemistry to Philippine environmental
  issues.

  
  	
  3.11

  
  	
  .578

  
  	
  High

  
 

 
  	
  CLO10. I can design assessments of students’ chemistry understanding.

  
  	
  2.96

  
  	
  .521

  
  	
  High

  
 

 
  	
  Composite Mean

  
  	
  3.04

  
  	
  .509

  
  	
  High

  
 

 
  	
  Scale: 4.00 - 3.26 - Very High, 3.25 - 2.51 - High,
  2.50 - 1.76 - Low, 1.75 - 1.00 - Very Low 

  
 







Note. The three highest- and two lowest-rated
indicators are shown. The composite mean and SD are based on all ten items in
the scale.


 


Table 6 shows a very high
level of perceived affective learning outcomes composite mean of 3.26, SD =
.519. The highest-rated indicators were valuing teamwork (M = 3.39), feeling
satisfied with chemistry accomplishments (M = 3.33), and valuing honest
reporting of results (M = 3.32); all were rated very high. The lowest-rated
were enjoying new chemical concepts (M = 3.18) and independently exploring
chemistry resources (M = 3.07); both were still rated high.


 





 
  	
  Table 6. Level of Perceived
  Affective Learning Outcomes

  
 

 
  	
  Indicator

  
  	
  Mean

  
  	
  SD

  
  	
  Interpretation

  
 

 
  	
  ALO2. I enjoy discovering new chemical concepts.

  
  	
  3.18

  
  	
  .546

  
  	
  High

  
 

 
  	
  ALO3. Chemistry accomplishments give me satisfaction.

  
  	
  3.33

  
  	
  .505

  
  	
  Very High

  
 

 
  	
  ALO4. I independently explore additional chemistry
  resources.

  
  	
  3.07

  
  	
  .571

  
  	
  High

  
 

 
  	
  ALO5. I value honest reporting of experimental results.

  
  	
  3.32

  
  	
  .468

  
  	
  Very High

  
 

 
  	
  ALO7. I value teamwork in chemistry learning.

  
  	
  3.39

  
  	
  .507

  
  	
  Very High

  
 

 
  	
  Composite Mean

  
  	
  3.26

  
  	
  0.519

  
  	
  Very High

  
 

 
  	
  Scale: 4.00 - 3.26 - Very High, 3.25 - 2.51 - High,
  2.50 - 1.76 - Low, 1.75 - 1.00 - Very Low 

  
 







Note. The
three highest- and two lowest-rated indicators are shown. The composite mean
and SD are based on all ten items in the scale.


Table 7 shows a high level
of perceived psychomotor learning outcomes with a composite mean of 3.06, SD =
.512. Following laboratory safety practices received the highest rating (M =
3.28, very high). Handling chemical waste and maintaining a hazard-free
workstation followed (both M = 3.10, high). The lowest-rated indicators were
making precise volumetric measurements (M = 2.93) and performing emergency
laboratory procedures (M = 2.89); both were still rated high.


 


 


 


 


 


 


 





 
  	
  Table 7. Level of Perceived Psychomotor
  Learning Outcomes

  
 

 
  	
  Indicator

  
  	
  Mean

  
  	
  SD

  
  	
  Interpretation

  
 

 
  	
  PLO2. I can make precise volumetric measurements.

  
  	
  2.93

  
  	
  .563

  
  	
  High

  
 

 
  	
  PLO3. I consistently follow laboratory safety
  practices.

  
  	
  3.28

  
  	
  .468

  
  	
  Very High

  
 

 
  	
  PLO6. I can handle chemical waste safely.

  
  	
  3.10

  
  	
  .471

  
  	
  High

  
 

 
  	
  PLO7. I maintain a hazard-free workstation.

  
  	
  3.10

  
  	
  .488

  
  	
  High

  
 

 
  	
  PLO10. I can perform emergency laboratory procedures.

  
  	
  2.89

  
  	
  .572

  
  	
  High

  
 

 
  	
  Composite Mean

  
  	
  3.06

  
  	
  .512

  
  	
  High

  
 

 
  	
  Scale: 4.00 - 3.26 - Very High, 3.25 - 2.51 - High,
  2.50 - 1.76 - Low, 1.75 - 1.00 - Very Low 

  
 







Note. The three highest- and two lowest-rated
indicators are shown. The composite mean and SD are based on all ten items in
the scale.


 


Table 8 shows a weak positive
relationship between chemistry self-efficacy and chemistry anxiety (r = .178, p
= .050). Because the unrounded p value (.050018) exceeds .05, the relationship
was not statistically significant. Thus, H₀₁
was not rejected.


 





 
  	
  Table 8. Correlational analysis
  between self-efficacy and anxiety in chemistry classes

  
 

 
  	
  Indicators

  
  	
  r-value

  
  	
  p-value

  
  	
  Interpretation

  
 

 
  	
  Self-Efficacy → Anxiety

  
  	
  .178

  
  	
  0.050

  
  	
  Weak
  positive

  not
  statistically significant

  
 







 


Table 9 shows a weak positive
relationship between chemistry anxiety and perceived cognitive learning
outcomes (r = .202, p = .026). Its relationships with affective outcomes (r =
.072, p = .433) and psychomotor outcomes (r = .175, p = .054) were not
statistically significant. Thus, H₀₂ was rejected for the
cognitive domain only. These correlations do not establish that anxiety caused
the reported outcomes.


 





 
  	
  Table 9. Correlational analysis
  between anxiety in chemistry classes and perceived learning outcomes

  
 

 
  	
  Indicators

  
  	
  r-value

  
  	
  p-value

  
  	
  Interpretation

  
 

 
  	
  Anxiety → Cognitive Learning Outcomes

  
  	
  .202

  
  	
  .026

  
  	
  Weak
  positive, significant

  
 

 
  	
  Anxiety → Affective Learning Outcomes

  
  	
  .072

  
  	
  .433

  
  	
  Very
  weak positive, not significant

  
 

 
  	
  Anxiety → Psychomotor Learning Outcomes

  
  	
  .175

  
  	
  .054

  
  	
  Weak
  positive, not significant

  
 







Table 10. Model fit. All
three regression models were statistically significant: cognitive, F (2, 119) =
34.4, p < .001; affective, F (2, 119) = 10.3, p < .001; and psychomotor,
F (2, 119) = 41.1, p < .001. Self-efficacy and anxiety together explained
36.6% of the variation in perceived cognitive outcomes (R² = .366, adjusted R²
= .356), 14.8% in affective outcomes (R² = .148, adjusted R² = .133), and 40.9%
in psychomotor outcomes (R² = .409, adjusted R² = .399).


 





 
  	
  Table 10. Multiple Regression
  Model Fit for Perceived Learning Outcomes

  
 

 
  	
  Outcome

  
  	
  R

  
  	
  R²

  
  	
  Adjusted R²

  
  	
  F (2, 119)

  
  	
  p

  
 

 
  	
  Cognitive

  
  	
  .605

  
  	
  .366

  
  	
  .356

  
  	
  34.4

  
  	
  < .001

  
 

 
  	
  Affective

  
  	
  .384

  
  	
  .148

  
  	
  .133

  
  	
  10.3

  
  	
  < .001

  
 

 
  	
  Psychomotor

  
  	
  .639

  
  	
  .409

  
  	
  .399

  
  	
  41.1

  
  	
  < .001

  
 







Note: Three separate multiple-regression models were
conducted in jamovi (N = 122), one for each perceived learning outcome, with
self-efficacy and anxiety as predictors in each. R = multiple correlation; R² =
coefficient of determination; adjusted R² adjusts for the number of predictors;
F = overall model test.


 


Table 11. Individual
predictors. After accounting for anxiety, chemistry self-efficacy significantly
predicted perceived cognitive (β = .580), affective (β = .384), and
psychomotor outcomes (β = .625; all p < .001). Chemistry anxiety was
not a significant predictor in any model (all p > .05). Thus, H₀3
was rejected for self-efficacy across all three outcomes, but not for anxiety.


 





 
  	
  Table
  11. Regression Coefficients for Perceived Learning Outcomes

  
 

 
  	
  Outcome

  
  	
  Predictor

  
  	
  B

  
  	
  SE

  
  	
  β

  
  	
  t

  
  	
  p

  
 

 
  	
  Cognitive

  
  	
  Self-efficacy

  
  	
  .543

  
  	
  .069

  
  	
  .580

  
  	
  7.82

  
  	
  < .001

  
 

 
  	
  Chemistry anxiety

  
  	
  .064

  
  	
  .048

  
  	
  .098

  
  	
  1.33

  
  	
  .187

  
 

 
  	
  Affective

  
  	
  Self-efficacy

  
  	
  .368

  
  	
  .083

  
  	
  .384

  
  	
  4.46

  
  	
  < .001

  
 

 
  	
  Chemistry anxiety

  
  	
  .002

  
  	
  .057

  
  	
  .003

  
  	
  0.04

  
  	
  .968

  
 

 
  	
  Psychomotor

  
  	
  Self-efficacy

  
  	
  .569

  
  	
  .065

  
  	
  .625

  
  	
  8.72

  
  	
  < .001

  
 

 
  	
  Chemistry anxiety

  
  	
  .040

  
  	
  .045

  
  	
  .064

  
  	
  0.89

  
  	
  .376

  
 







Note.
Separate multiple-regression models in jamovi. B = unstandardized coefficient;
SE = standard error; β = standardized coefficient.


 


Table 12 shows low multicollinearity
(VIF = 1.03) and no detected heteroscedasticity in the cognitive, affective, or
psychomotor models (Breusch–Pagan p = .885, .607, and .509, respectively).
Shapiro–Wilk tests indicated departures from residual normality (p = .019, p
< .001, and p < .001, respectively), which should be considered alongside
the Q–Q plots. The cognitive model had DW = 1.62, p = .034; the affective and
psychomotor models had DW = 1.71, p = .126, and DW = 1.74, p = .144.
Durbin–Watson was an additional diagnostic for these independently recruited,
cross-sectional respondents; these results alone do not invalidate the models.


 


 





 
  	
  Table 12. Regression Diagnostic
  Results

  
 

 
  	
  Outcome

  
  	
  Shapiro–Wilk p

  
  	
  Breusch–Pagan p

  
  	
  Durbin–Watson

  
  	
  DW p

  
  	
  VIF

  
 

 
  	
  Cognitive

  
  	
  .019

  
  	
  .885

  
  	
  1.62

  
  	
  .034

  
  	
  1.03

  
 

 
  	
  Affective

  
  	
  < .001

  
  	
  .607

  
  	
  1.71

  
  	
  .126

  
  	
  1.03

  
 

 
  	
  Psychomotor

  
  	
  < .001

  
  	
  .509

  
  	
  1.74

  
  	
  .144

  
  	
  1.03

  
 







 


To test H₀₄,
separate indirect-effect analyses were conducted using the medmod module in
jamovi. Chemistry self-efficacy was the predictor, chemistry anxiety the
proposed mediator, and perceived cognitive, affective, and psychomotor learning
outcomes the separate dependent variables. The models included no covariates.
Using 5,000 bootstrap samples, the indirect-effect 95% confidence intervals
were [−.0102, .0645] for cognitive, [−.0358, .0399] for affective,
and [−.0152, .0529] for psychomotor outcomes. Each included zero; no
statistically significant indirect effect through chemistry anxiety was found. 
Chemistry self-efficacy had significant positive direct statistical
associations with cognitive (B = .5428), affective (B = .36789), and
psychomotor outcomes (B = .5690; all p < .001). Across the three medmod
outputs, path a (self-efficacy → anxiety) was B = .2556, SE = .1713, z =
1.492, p = .136, 95% CI [−.0891, .581]. The conditional paths from
anxiety to the outcomes were nonsignificant.


 





 
  	
  Table 13. Mediation Analysis

  
 

 
  	
  Learning outcome

  
  	
  Effect

  
  	
  B

  
  	
  SE

  
  	
  z

  
  	
  p

  
  	
  95% CI

  
  	
  Interpretation

  
 

 
  	
  All three

  
  	
  Self-efficiency → anxiety (a)

  
  	
  .2556

  
  	
  .1713

  
  	
  1.49

  
  	
  .136

  
  	
  [−.0891, .581]

  
  	
  Not significant

  
 

 
  	
  Cognitive

  
  	
  Anxiety
  → outcome (b)

  
  	
  .0641

  
  	
  .0476

  
  	
  1.35

  
  	
  .178

  
  	
  [−.0267, .1580]

  
  	
  Not significant

  
 

 
  	
  Direct
  (c′)

  
  	
  .5428

  
  	
  .0777

  
  	
  6.98

  
  	
  < .001

  
  	
  [.3910, .6967]

  
  	
  Significant

  
 

 
  	
  Indirect
  (ab)

  
  	
  .0164

  
  	
  .0190

  
  	
  0.87

  
  	
  .387

  
  	
  [−.0102, .0645]

  
  	
  No evidence of mediation

  
 

 
  	
  Total
  (c)

  
  	
  .5592

  
  	
  .0766

  
  	
  7.30

  
  	
  < .001

  
  	
  [.4125, .7136]

  
  	
  Significant

  
 

 
  	
  Affective

  
  	
  Anxiety
  → outcome (b)

  
  	
  .00231

  
  	
  .0547

  
  	
  0.04

  
  	
  .966

  
  	
  [−.1048, .1100]

  
  	
  Not significant

  
 

 
  	
  Direct
  (c′)

  
  	
  .36789

  
  	
  .0766

  
  	
  4.80

  
  	
  < .001

  
  	
  [.2137, .5203]

  
  	
  Significant

  
 

 
  	
  Indirect
  (ab)

  
  	
  .00059

  
  	
  .0172

  
  	
  0.03

  
  	
  .973

  
  	
  [−.0358, .0399]

  
  	
  No evidence of mediation

  
 

 
  	
  Total
  (c)

  
  	
  .368

  
  	
  .0759

  
  	
  4.85

  
  	
  < .001

  
  	
  [.2170, .5200]

  
  	
  Significant

  
 

 
  	
  Psychomotor

  
  	
  Anxiety
  → outcome (b)

  
  	
  .0403

  
  	
  .0477

  
  	
  0.85

  
  	
  .398

  
  	
  [−.0535, .1370]

  
  	
  Not significant

  
 

 
  	
  Direct
  (c′)

  
  	
  .5690

  
  	
  .0795

  
  	
  7.16

  
  	
  < .001

  
  	
  [.4154, .7262]

  
  	
  Significant

  
 

 
  	
  Indirect
  (ab)

  
  	
  .0103

  
  	
  .0171

  
  	
  0.60

  
  	
  .546

  
  	
  [−.0152, .0529]

  
  	
  No evidence of mediation

  
 

 
  	
  Total
  (c)

  
  	
  .5793

  
  	
  .0771

  
  	
  7.52

  
  	
  < .001

  
  	
  [.4319, .7322]

  
  	
  Significant

  
 







 


DISCUSSION


Control-Value Theory (CVT) explains
how students’ beliefs about their control over a task and its value relate to
emotions and learning (Pekrun, 2019, 2024). This study examined chemistry
self-efficacy, anxiety, and perceived learning outcomes. It did not directly
measure control or value appraisals, so it provides only a partial test of CVT.


Respondents reported high chemistry
self-efficacy (M = 2.82). They were most confident in chemistry assessments,
handling hazardous chemicals, and interpreting data. They were relatively less
confident in designing low-cost experiments and troubleshooting equipment.
Practice, supportive instruction, and guided inquiry may help strengthen
confidence in these tasks (Cheung, 2015a, 2015b; Vishnumolakala et al., 2017).


Chemistry anxiety was also high (M =
2.56). Respondents worried most about failing chemistry and were less anxious
about using laboratory equipment and participating in demonstrations. CVT
suggests that anxiety may arise when students value success but are unsure of
their control over a task (Abuzant et al., 2023; Pekrun, 2024). This study did
not measure why respondents felt anxious.


Perceived cognitive (M = 3.04) and
psychomotor (M = 3.06) learning outcomes were high, while affective outcomes
were very high (M = 3.26). Ratings were relatively lower for stoichiometric
calculations, assessment design, precise measurements, and emergency laboratory
procedures. Guided practice in these tasks may be helpful (Buil et al., 2016;
Agustian et al., 2022; Galloway & Bretz, 2015; Kolil et al., 2020). The
affective ratings describe students’ perceived learning and do not directly
measure CVT’s value appraisal.


 


Self-efficacy and chemistry anxiety
had a weak positive correlation that did not reach statistical significance, r (120)
= .178, p = .050018. The medmod path-an estimate was also nonsignificant (B =
.2556, bootstrap SE = .1713, p = .136). The p-values differ because medmod used
5,000 bootstrap samples to estimate its standard error, while the Pearson
correlation used a conventional significance test.


Higher self-efficacy was associated
with, and significantly predicted, stronger perceived outcomes in all three domains.
This agrees with earlier research on chemistry self-efficacy (Odedokun et al.,
2024; Selian et al., 2018). Anxiety had a weak positive correlation with
cognitive outcomes, but it did not significantly predict any outcome after
self-efficacy was included. The positive correlation does not show that anxiety
improved learning (Eddy, 2000; “Correlation Between Test Anxiety and Students’
Chemistry Achievement,” 2023).


The absence of a separate value-appraisal
measure limits the study’s application of Control–Value Theory. Future studies
should measure both control and value appraisals to examine their relationships
with chemistry anxiety and learning outcomes.


Finally, no statistically significant
indirect effect through anxiety was found for any perceived learning outcome.
All three indirect-effect confidence intervals included zero. Because the study
used cross-sectional self-reports, these findings show associations, not cause
and effect. Future studies could measure both control and value appraisals over
time to test CVT more fully.


 


 


CONCLUSIONS AND RECOMMENDATIONS


Respondents reported high chemistry
self-efficacy and high perceived cognitive and psychomotor learning outcomes.
Perceived affective outcomes were very high. They gave relatively lower ratings
to experimental design, troubleshooting, stoichiometry, precise measurement,
and emergency procedures. These are self-reported ratings, so they do not
establish actual skill deficits. Anxiety was greatest for failing chemistry,
starting difficult tasks, and receiving unexpected results.


Self-efficacy was positively
associated with all three perceived learning outcomes and remained a
significant predictor when anxiety was included. Its relationship with anxiety
was not statistically significant (p = .050018). Anxiety was weakly associated
with cognitive learning but was not a significant predictor of any outcome
after self-efficacy was included.


No, statistically significant indirect
effect through anxiety was found for any perceived learning outcome. Overall,
the findings support a relationship between self-efficacy and perceived
learning, but they do not show that self-efficacy caused the outcomes.


The following are proposed
applications for faculty consideration and topics for future evaluation; their effectiveness
was not tested in this study:


 


1.    
Provide guided practice in experimental design, troubleshooting,
stoichiometry, precise measurement, and emergency procedures, then assess
students’ actual performance.


2.    
Use practice quizzes, clear criteria, and helpful feedback to
address anxiety about difficult tasks and failure.


3.    
Introduce laboratory activities gradually to help students build
confidence through successful practice.


4.    
Teach simple anxiety-management and test-preparation strategies before
exams and demanding laboratory work.


5.    
Review access to equipment, safety materials, virtual
laboratories, and low-cost experiment resources.


6.    
Use larger samples from multiple schools in future studies.


7.    
Measure control and value appraisals and consider prior
achievement, year level, laboratory experience, and teacher support.


8.    
Combine student ratings with test scores, laboratory assessments,
and observations, using longitudinal or experimental designs where possible.






FUTURE
STUDY 


Researchers may recruit participants
from several institutions, combine self-reports with examination and laboratory
performance, measure both control and value appraisals, and follow students
over time. Action research could evaluate guided inquiry, virtual laboratories,
laboratory skills training, and anxiety management.
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