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Abstract

This study examined the impact of Topic-Specific Pedagogical Content
Knowledge (TSPCK)-based instruction on Grade 11 students’ motivation, concep-
tual understanding, and achievement in chemical kinetics and equilibrium in Addis

Ababa, Ethiopia. Using a quasi-experimental design with 159 students in intact
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classes, participants were assigned to three experimental groups or a control group.
The experimental groups received instruction incorporating TSPCK components
curricular saliency (CSA), representations (REPs), and conceptual teaching strat-
egies (CTS) while the control group followed conventional methods. Data were
collected through tests, motivation questionnaires, interviews, and observations.
Results revealed significantly higher motivation, conceptual understanding, and
achievement in the TSPCK groups. Motivation constructs, particularly mark mo-

tivation, explained 67.4% of the variance in conceptual understanding and 64.7%
in achievement. Female students generally outperformed males, except under
CSA. The study highlights TSPCK’s effectiveness in improving student engage-
ment and learning, emphasizing its value in curriculum design and science educa-
tion reform.
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1. Introduction

Chemistry, as a central science, plays a critical role in explaining natural phenomena and driving technological
progress. Despite its importance, many students struggle with chemistry due to its abstract concepts and multilevel
representations (macroscopic, submicroscopic, and symbolic) (De & Taber, 2014). These difficulties often result in
low achievement and motivation, particularly in complex topics like chemical kinetics and equilibrium (Sirhan,
2007).

Pedagogical Content Knowledge (PCK), especially in its topic-specific form (TSPCK), has emerged as a power-
ful instructional framework that integrates subject matter knowledge with effective teaching strategies (Mavhunga
& Rollnick, 2013; Nilsson, 2014). PCK-based instruction enhances conceptual clarity through representational com-
petence, curricular saliency, and content transformation strategies. However, the empirical link between topic-spe-
cific PCK and students’ motivational constructs—such as intrinsic motivation, self-efficacy, self-determination,
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mark motivation, and career motivation—remains underexplored, particularly in the context of high school chem-
istry education in developing countries like Ethiopia (Barendsen & Henze, 2017; Akinyemi & Mavhunga, 2021).

While some studies suggest that instruction grounded in strong PCK improves student motivation and learning
outcomes (Keller, Neumann, & Fischer, 2017; Maryani & Martaningsih, 2015), others highlight inconsistent find-
ings or limited contextual relevance (Bolte, Streller, & Hofstein, 2013). Additionally, most existing research has
not systematically examined how specific dimensions of motivation mediate the relationship between TSPCK-based
instruction and students’ conceptual understanding and achievement in chemistry.

Therefore, this study aims to address these gaps by investigating the effects of topic-specific PCK instruction on
high school students’ motivation and its influence on conceptual understanding and achievement in chemical kinet-
ics and equilibrium. By focusing on diverse motivational subscales and adopting a quasi-experimental design in the
Ethiopian context, this research contributes to a deeper understanding of how TSPCK-based strategies can foster
both cognitive and affective gains in science education.

2. Research Questions

(1) Is there a significant effect on the overall motivations of grade 11 students in chemical kinetics and equilibrium
concepts among the TG and CG after using topic-specific PCK-based instruction?

(2) Is there a significant relationship between motivation constructs and conceptual understanding of grade 11 stu-
dents in learning chemical kinetics and equilibrium concepts using TSPCK-based instruction?

(3) Is there a significant relationship between motivation constructs and achievement of grade 11 students in learn-
ing chemical kinetics and equilibrium concepts using TSPCK-based instruction?

(4) To what extent does topic-specific PCK-based instruction enhance students’ conceptual understanding, achieve-
ment, and motivation in learning chemical kinetics and equilibrium concepts?

3. Objectives of the Study
3.1 General Objective

The main objective of this study was to investigate the effect of topic-specific PCK-based instruction on overall
motivation, as well as the effect of motivational constructs on Grade 11 students’ conceptual comprehension and
success in learning chemical kinetics and equilibrium concepts.

3.2 Specific Objectives of the Study

The following specific objectives were drawn from general objectives and from research questions.

(1) To examine the effect of topic-specific PCK on the overall motivation in learning chemical kinetics and equi-
librium concepts.

(2) To investigate the relationship between motivational constructs and the conceptual understanding of students
in learning chemical kinetics and equilibrium concepts.

(3) To predict the relationship between motivational constructs and the achievement of students in learning chem-
ical kinetics and equilibrium concepts

(4) To explore the expectation of students in their conceptual understanding, achievement, and motivation after
topic-specific PCK-based instruction was employed on the chemical kinetics and equilibrium concepts.

4. Significance of the Study

This study explores motivational constructs influencing students’ learning outcomes in chemical kinetics and equi-
librium. It aims to inform the development of instructional strategies tailored to high school students’ needs. Key
aspects include intrinsic and extrinsic motivation, self-efficacy’s impact on real-world problem application, moti-
vational constructs’ relationship with student engagement, and the effectiveness of instructional strategies. The
findings will help educators and policymakers improve student outcomes in these critical subjects.

5. Research Methodology

This study employed a quasi-experimental mixed-methods research design to investigate the effects of topic-specific
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pedagogical content knowledge (PCK)-based instructional strategies on students’ motivation, conceptual under-
standing, and academic achievement in chemical kinetics and equilibrium. The study involved 159 Grade 11 stu-
dents from a high school in Addis Ababa, Ethiopia. Participants were selected using intact class groupings and non-
randomly assigned to one of three experimental groups or a control group, in alignment with the quasi-experimental
research design. The three experimental groups received instruction through different PCK-based strategies: the
Curricular Saliency Approach (CSA), Technology-Supported Representation-Based Instruction (REPs), and the
Technology-Supported Conceptual Teaching Strategy (CTS). The control group was taught using conventional lec-
ture-based methods.

To assess the impact of these instructional strategies, motivational constructs—including intrinsic motivation,
self-efficacy, self-determination, mark motivation, and career motivation—were measured using a structured survey
administered before and after the intervention period. Students’ conceptual understanding and achievement were
evaluated using content-aligned pre-tests and post-tests developed based on the instructional objectives of the units
covered.

5.1 Ethical Considerations

Ethical principles were rigorously observed throughout the research process. Informed consent was obtained from
all student participants and their guardians. Confidentiality and anonymity were maintained by coding student re-
sponses and ensuring data security. Participation in the study was entirely voluntary, and efforts were made to avoid
any form of coercion or psychological harm. The research was also designed and conducted with respect for cultural
diversity within the school community. Furthermore, the study aimed to contribute positively to educational practice
while using resources efficiently and ensuring the integrity and credibility of the research findings.

5.2 Analysis, Interpretation, and Discussion of Motivation Results

This section investigates the effect of topic-specific Pedagogical Content Knowledge (TSPCK)-based instruction
on the overall motivation of Grade 11 students in learning chemical kinetics and equilibrium. It also examines how
specific motivational constructs—namely intrinsic motivation, self-efficacy, self-determination, mark motivation,
and career motivation—predict students’ conceptual understanding and academic achievement. The discussion ad-
dresses research questions one through five and relates findings to relevant contemporary literature.

5.3 Effect of TSPCK-based Instruction on Overall Motivation

5.3.1 Research Question 1
Is there a significant effect on the overall motivation of Grade 11 students in chemical kinetics and equilibrium
among the treatment groups (TG) and comparison group (CG) after implementing TSPCK-based instruction?

Before applying statistical tests, the assumptions of ANOVA—normality, homogeneity of variance, independ-
ence of observations, and absence of outliers—were tested and met. As students were drawn from four different
schools, the data satisfied the requirement of independence across groups.

Table 1 presents the descriptive statistics for the pre- and post-tests of overall motivation across the four groups:
Curricular Saliency Approach (CSA), Representation-Based Strategy (REPs), Conceptual Teaching Strategy (CTS),
and Conventional Method (CM). The post-test mean scores reveal notable differences between the groups. The
REPs group achieved the highest post-intervention motivation score (M = 4.35), followed by CSA (M =4.12), CTS
(M =3.76), and CM (M = 3.70). This suggests that students exposed to the REPs and CSA instructional approaches
experienced greater motivation compared to those taught using CTS and traditional methods.

The ANOVA results in Table 2 show no significant differences in pre-test motivation among the groups (F (3,155)
= 1.444, p = .232), confirming baseline equivalence. However, post-test results revealed a statistically significant
difference in overall motivation across the groups (F (3,155) =23.924, p <.001), indicating that the TSPCK-based
interventions had a substantial effect.

To determine which specific groups differed, a Games-Howell post hoc test was performed due to the violation
of the homogeneity of variance assumption. Table 3 illustrates significant pair-wise differences in motivation, with
the REPs group consistently outperforming others.
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Table 1. Descriptive Statistics of Overall Motivation (Pre- and Post-test Results for CSA, REPs, CTS, and CM Groups)

DV Groups N Mean SD SE 95% CI Lower Upper
CSA 38 3.57 0.58 0.09 3.38 3.77
REPs 36 3.40 0.39 0.06 3.27 3.53

Pre-MOT
CTS 35 3.44 0.32 0.05 333 3.55
CM 50 3.58 0.55 0.08 3.43 3.74
CSA 38 4.12 0.33 0.05 4.01 4.23
REPs 36 435 0.35 0.06 4.23 4.47

Post-MOT
CTS 35 3.76 0.36 0.06 3.64 3.89
CM 50 3.70 0.49 0.07 3.56 3.84

Table 2. ANOVA Results for Overall Motivation

DV Source SS df MS F Sig.

Pre-MOT Between Groups 1.006 3 0.335 1.444 232
Within Groups 36.013 155 0.232

Post-MOT Between Groups 11.261 3 3.754 23.924 .000
Within Groups 24321 155 0.157

Table 3. Games-Howell Post Hoc Test for Overall Motivation

(D) Groups (J) Groups MD (1-]) SE Sig. 95% CI Lower Upper

CSA REPs -0.2316*  0.0792 .023 -0.440 -0.023
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Table 3 Continued

(D Groups (J) Groups MD (I-]) SE Sig. 95% CI Lower Upper
CSA CTS 0.3584*  0.0810 .000 0.145 0.572
CSA CM 0.4204*  0.0866 .000 0.193 0.647
REPs CTS 0.5900*  0.0851 .000 0.366 0.814
REPs CM 0.6520*  0.0904 .000 0.415 0.889
CTS CM 0.0620  0.0921  .907 -0.179 0.303

The analysis of learning gains further supports the superiority of REPs and CSA strategies in enhancing motiva-
tion (Table 4). The REPs group recorded a normalized learning gain of 59%, followed by CSA (38%), CTS (20%),
and CM (8%).

Table 4. Mean and Normalized Gains in Overall Motivation

Groups N Pre-MOT Post-MOT Mean Gain Normalized Gain
CSA 38 71.48 82.36 10.88 0.38
REPs 36 68.00 87.00 19.00 0.59
CTS 35 68.86 75.20 6.34 0.20
CM 50 71.64 73.96 2.32 0.08

5.4 Analysis, Interpretation, and Discussion

5.4.1 Research Question 2
Is there a significant relationship between motivation constructs and conceptual understanding of Grade 11 stu-
dents in learning chemical kinetics and equilibrium using TSPCK-based instruction?

This part looks at how well five motivation factors, intrinsic motivation, self-efficacy, self-determination, mark
motivation, and career motivation can predict how well students would understand the concepts of chemical kinetics
and equilibrium as a whole.

5.5 Linearity Assumption

For the purpose of determining the link, we chose to employ multivariate linear regression. Figure 1 shows the
linearity between the motivation components and overall conceptual understanding. A strong positive linear
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relationship was observed (R = 0.912), indicating that the explanatory variables (motivation constructs) are linearly
related to the dependent variable (conceptual understanding). As shown, the data are well distributed around the
fitted regression line, supporting the assumption of linearity required for multiple regression analysis.

Scatterplot
Dependent Variable: PostCU

R2 Linear = 0.912

80.0

60.0-

PostCU

40.0-

20.0

T T T T T T T
-3 -2 -1 [u] 1 2 3
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Figure 1. Linearity Test between Overall Conceptual Understanding and Motivation Components.

For the purpose of determining multicollinearity, the Tolerance and Variance Inflation Factor (VIF) was utilized.
According to Table 5, tolerance values are all above 0.1 and VIF values are below 3, confirming that no multicol-
linearity issue exists among the independent variables.

Table 5. Multicollinearity Diagnostics and Multicollinearity Assumption

Variable Tolerance VIF
Intrinsic Motivation 0.475 2.106
Self-Efficacy 0.369 2.710
Self-Determination 0.351 2.853
Mark Motivation 0.459 2.181
Career Motivation 0.399 2.509

Source: Researcher’s Survey (2023)

The regression model’s goodness of fit is presented in Table 6. The R? value of 0.674 indicates that approximately
67.4% of the variance in students’ conceptual understanding can be explained by the five motivation constructs.
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Table 6. Model Fit Summary and ANOVA

Model R R? Adjusted R? Std. Error F Sig.

1 0.821 0.674 0.664 8.495 62.959 0.000

The F-test result is statistically significant (F = 62.959, p <0.001), confirming that the set of independent variables
significantly predicts overall conceptual understanding.

According to Muijs (2004), an R? value above 0.50 indicates a strong model fit, thus supporting the model’s
robustness in predicting students’ conceptual understanding based on their motivation levels.

5.6 Contribution of Individual Motivation Components to Conceptual Understanding

Regression coefficients in Table 7 provide insights into the contribution of each motivation component.

Table 7. Regression Coefficients

Variable B SE Beta t Sig. Zero-order (r)
(Constant) -20.351 4.76 -4.273  0.000
Intrinsic Motivation 7.14 136  0.353 5257  0.000 0.715
Self-Efficacy -2.27 1.64 -0.106 -1.387  0.168 0.519
Self-Determination 0.947 1.45  0.051 0.651 0.516 0.499
Mark Motivation 9.18 146 0431 6.309  0.000 0.752
Career Motivation 3.36 1.23 0.200 2.733 0.007 0.634

The final regression equation derived is:

OCU =-20.351 + 7.14(IM) - 2.27(SE) + 0.947(SD) + 9.18(MM) + 3.36(CM)

Where: IM = Intrinsic Motivation, SE = Self-Efficacy, SD = Self-Determination, MM = Mark Motivation, CM
= Career Motivation and OCU = Overall Conceptual Understanding

5.7 Percentage Contribution of Predictors on Conceptual Understanding

To estimate how much each variable contributes to the explained variance (R? = 0.674), the formula applied was:
R? x 100 = 100[(B*xr)IM + (Bxr)SE + (Bxr)SD + (Bxr)MM + (Bxr)CM]
Substituting values:
67.4% = (0.353%0.715) + (-0.106x0.519) + (0.051x0.499) + (0.431x0.752) + (0.200%0.634)
Thus, individual contributions are approximately: Mark Motivation: 32.4%, Intrinsic Motivation: 25.2%, Career
Motivation: 20.5%, Self-Efficacy: -13.0% and Self-Determination: 2.5%.
The findings of this study strongly reinforce the critical role that motivation plays in shaping students’ conceptual
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understanding of chemical kinetics and equilibrium. Among the five motivational components examined, mark
motivation and intrinsic motivation emerged as the most powerful predictors of learning outcomes. Students who
were driven by the desire to achieve high academic performance (mark motivation) and those who were internally
motivated to learn for personal satisfaction (intrinsic motivation) demonstrated significantly higher levels of con-
ceptual comprehension. These results suggest that both external incentives (such as grades) and internal enthusiasm
are key to fostering deeper understanding in science education.

Career motivation also showed a statistically significant and positive influence on conceptual understanding,
highlighting the importance of connecting learning to students’ future goals. When students see a clear link between
their chemistry education and their career aspirations, they are more likely to engage meaningfully with the content
and invest effort in mastering complex concepts.

Interestingly, self-efficacy was found to have a negative and statistically insignificant effect. This unexpected
result may point to the possibility that some students possess overconfidence in their abilities without corresponding
levels of content mastery. Overestimation of one’s skills might reduce the perceived need for further learning or
effort, ultimately impeding actual understanding. This finding calls for a nuanced approach in supporting self-effi-
cacy—encouraging confidence while ensuring it aligns with demonstrated competence.

Finally, self-determination showed the least predictive power and was statistically insignificant. Although auton-
omy is often linked to enhanced learning, in this context, it appears that autonomy alone is not sufficient to promote
deep conceptual understanding. Without a clear internal drive or purposeful engagement, the freedom to direct one’s
learning may not translate into improved academic outcomes.

Collectively, these findings underscore the need for educators and curriculum designers to emphasize motiva-
tional factors, particularly intrinsic motivation, mark motivation, and career relevance when implementing Tech-
nology-Supported Topic-Specific Pedagogical Content Knowledge (TSPCK)-based instruction. Tailoring instruc-
tional strategies to enhance meaningful motivation could substantially improve students’ engagement and mastery
of abstract scientific concepts.

5.8 Contribution of Individual Motivation Components to Achievement

To assess the combined effect of motivation subscales on Grade 11 students’ achievement in chemical kinetics and
equilibrium, a multiple linear regression analysis was conducted. The summary of this model is illustrated in the
above table (Table 8). The overall significance of the regression model was evaluated using ANOVA. Results are
summarized in Table 9

Table 8. Model Summary of Motivation sub-scales on the achievement

Model R R? Adjusted R? Std. Error of the Estimate

1 .805 .647 .636 9.309

Table 9. ANOVA Summary of Motivation sub-scales on Achievement

Model Sum of Squares df Mean Square F Sig.
Regression 24153.539 5 4830.708 55.818 .000
Residual 13156.330 152 86.503
Total 37309.869 157
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The regression coefficients for each motivation subscale are provided in Table 10. Mark Motivation had the
strongest positive and statistically significant effect on students’ achievement (§ = .432, p < .001), followed by
Intrinsic Motivation (f = .386, p < .001), and Career Motivation ( = .156, p = .043). Interestingly, Self-Efficacy
had a significant negative effect (B = -.160, p = .046), possibly indicating overconfidence or mismatched belief-
performance calibration. Self-Determination was not significant (B =.085, p =.295), suggesting a weak relationship
with achievement in this context.

Table 10. Regression Coefficients of Motivation Sub-scales on Achievement

Predictor B Std. Error Beta (B) t Sig.
(Constant) -21.788 6.403 — -3.403 .001
Intrinsic Motivation 8.221 1.331 386 6.176 .000
Self-Efficacy -3.619 1.785 -.160 -2.027 .046
Self-Determination 1.675 1.595 .085 1.050 295
Mark Motivation 9.701 1.472 432 6.592 .000
Career Motivation 2.750 1.352 156 2.034 .043

To further examine the unique contribution of each motivation variable, the product of the standardized coeffi-
cient (B) and the zero-order correlation (r) was used to compute the relative contribution to R?. Results are shown
in Table 11.

Table 11. Contribution of Each Predictor to R?

Predictor r B rxp Contribution to R* (%)
Intrinsic Motivation 707 386 273 27.3%
Self-Efficacy 382 -.160 -.061 -7.7%
Self-Determination 220 .085 .019 4.1%
Mark Motivation 733 432 317 31.7%
Career Motivation 330 .156 .052 9.4%
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This table confirms that Mark Motivation (31.7%) and Intrinsic Motivation (27.3%) were the most influential
predictors. Career Motivation contributed 9.4%, while Self-Efficacy had a negative contribution (-7.7%), and Self-
Determination only added 4.1% to the variance in achievement. These findings validate the stronger influence of
goal-driven and enjoyment-based motivations on students’ academic performance compared to confidence or au-
tonomy.

Based on the coefficients from Table 10, the regression equation for predicting achievement is as follows:

Achievement=—21.788+8.221(IM)—3.619(SE)+1.675(SD)+9.701(MM)+2.750(CM)

Where: IM = Intrinsic Motivation, SE = Self-Efficacy, SD = Self-Determination, MM = Mark Motivation, and
CM = Career Motivation.

This equation shows that for each unit increase in Intrinsic Motivation, achievement increases by 8.221 points,
while for each unit increase in Mark Motivation, achievement rises by 9.701 points. Conversely, Self-Efficacy de-
creases achievement by 3.619 points per unit, supporting the earlier finding of a negative association in this context.

6. Discussions of the Impact of TSPCK-based Instruction on Learning Chemistry

Topic-specific Pedagogical Content Knowledge (TSPCK) strategies, such as Curricular Saliency (CSA), Represen-
tations (REPs), and Conceptual Teaching Strategies (CTS), have demonstrated a substantial impact on enhancing
students’ motivation, conceptual understanding, and achievement in chemistry education, particularly in the areas
of chemical kinetics and equilibrium.

6.1 Impact on Motivation

TSPCK-based instruction supports student motivation through active engagement, autonomy, and meaningful learn-
ing experiences. According to self-determination theory (Deci & Ryan, 2000), motivation improves when learners
experience autonomy, competence, and relatedness. Strategies like CSA (which clarifies content prioritization),
REPs (which use visual and symbolic representations), and CTS (which emphasize logical conceptual development)
provide students with clear, relevant, and engaging instruction. When paired with technology—such as simulations
and interactive models—these strategies further enhance motivation by making learning more interactive and per-
sonalized (Kozan & Gurses, 2014; Kucuk & Kucuk, 2016).

Moreover, research shows that motivation is a key predictor of academic success and that TSPCK can increase
intrinsic motivation by connecting content to students’ interests and career goals (Mintzes et al., 2014; Othman &
Leng, 2011). Allowing students to make choices in their learning and linking concepts to real-life applications cul-
tivates deeper engagement and volition in learning.

6.2 Impact on Conceptual Understanding

TSPCK-based instruction has been consistently associated with improved conceptual understanding. Rather than
promoting rote memorization, TSPCK emphasizes relationships between chemical concepts, enabling students to
construct meaningful knowledge frameworks (Yoon & Lee, 2017). For example, visual tools (REPs) help clarify
abstract phenomena, while CTS promotes structured reasoning through cause-and-effect patterns and conceptual
coherence.

Meta-analytic findings (Mintzes, Hiller, & Krajcik, 2014) reveal that TSPCK is a stronger predictor of conceptual
understanding than procedural knowledge. These instructional strategies allow students to grasp dynamic concepts
like reaction rates and chemical equilibrium by actively engaging prior knowledge and integrating new information
in contextually rich settings.

6.3 Impact on Achievement

Empirical evidence confirms that PCK, particularly when tailored to specific topics, improves student achievement
in chemistry. High-quality TSPCK allows teachers to select effective instructional representations, anticipate stu-
dent misconceptions, and design responsive interventions (Smith & Thompson, 2017; Brown & Smith, 2018). Pro-
grams focused on developing TSPCK have improved teachers’ instructional design skills and self-efficacy (Kim,
2020), translating into higher student performance.

Although some studies report inconsistent links between PCK and achievement (e.g., Guskey, 2002), most
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research emphasizes that when motivation is present, the effects of TSPCK on achievement are magnified. Motiva-
tion moderates the relationship between TSPCK and learning outcomes (Mintzes et al., 2014), indicating that both
components must be jointly nurtured for maximal impact.

6.4 Synergy between Motivation, Understanding, and Achievement

TSPCK-based instruction fosters an environment where motivation, understanding, and achievement reinforce one
another. Students who are motivated—especially intrinsically and through self-determined goals—are more likely
to engage deeply, develop conceptual clarity, and perform better academically (Bolte, Streller, & Hofstein, 2013).
Instructional strategies aligned with students’ interests, values, and autonomy not only enhance motivation but also
support long-term retention and application of knowledge (Deci et al., 1999).

Additionally, differentiated instruction, formative assessment, collaborative learning, and project-based ap-
proaches—all compatible with TSPCK—create inclusive and equitable classroom environments that support di-
verse learners, including underrepresented groups in STEM (Hofstein & Kesner, 2006; Akinyemi, 2020).

7. Conclusions

The study revealed that Topic-Specific Pedagogical Content Knowledge (TSPCK)-based instruction significantly
enhanced Grade 11 students’ motivation to learn chemical kinetics and equilibrium compared to conventional teach-
ing. Intervention groups showed higher mean scores in intrinsic motivation, self-efficacy, self-determination, mark
motivation, and career motivation. Female students generally displayed higher motivation and better performance
than males, except under curricular saliency-based instruction. Overall, motivation increased by 27% to 34%, and
mean learning gains were 31% (low achievers), 31% (medium), and 26% (high).

Statistical analysis confirmed strong positive linear relationships among motivation components and conceptual
understanding. Motivation explained 67.4% of the variance in conceptual understanding, with the remaining 32.6%
attributed to other factors. Similarly, motivation predicted 64.7% of the variance in students’ achievement. Mark’s
motivation was the strongest predictor, followed by intrinsic motivation, self-efficacy, career motivation, and self-
determination.

8. Recommendations

To enhance motivation, conceptual understanding, and achievement in chemical kinetics and equilibrium, several
instructional and pedagogical strategies are recommended. Teachers should incorporate real-world examples from
fields like environmental science and pharmaceuticals to demonstrate the practical relevance of the concepts. Con-
necting new content to students’ prior knowledge and everyday experiences through relatable analogies can make
abstract topics more accessible. Active learning should be encouraged through hands-on experiments and inquiry-
based activities that foster engagement and deeper understanding. Instruction should emphasize conceptual under-
standing over rote procedures, supported by visual aids such as diagrams, animations, and simulations.

Pedagogically, fostering critical thinking and problem-solving is essential to sustain interest and deepen compre-
hension. The use of frequent, low-stakes formative assessments can provide valuable feedback and help tailor in-
struction to student needs. Collaborative learning should be promoted through group projects and peer discussions,
while digital tools and interactive technologies can be leveraged to enhance engagement and instructional effective-
ness.

Stakeholders at various levels also play a crucial role. Teachers are encouraged to adopt TSPCK-based methods
to improve learning outcomes. Students should be supported in actively engaging with the material and reflecting
on their learning processes. Curriculum developers need to integrate TSPCK principles into educational materials,
while policymakers should prioritize professional development programs that align with these instructional ap-
proaches. Finally, researchers should continue to investigate the broader impacts of TSPCK across diverse educa-
tional contexts to inform future practices and policy decisions.
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