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Introduction

Carbohydrates represent one of the most fundamental yet challenging topics in
chemistry and biology education. Despite their critical role in cellular energy
production and structural integrity, students often struggle to understand the
distinction between simple and complex carbohydrates, particularly regarding
molecular structure, chemical bonds, and biological functions. Traditional teaching
methods relying solely on textbook definitions have proven insufficient in fostering
deep conceptual understanding. This study investigates the effectiveness of
simplified visual representations, hands-on demonstrations, and interactive learning
strategies in making complex carbohydrate concepts accessible to secondary school
students. Our hypothesis posits that integrating multiple sensory-based learning
approaches will significantly improve student comprehension and retention of
complex carbohydrate chemistry compared to conventional lecture-based

instruction.
Methods

Study Design and Participants
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We conducted a quasi-experimental study with 120 secondary school students
(ages 14-17) divided into two equal groups: an experimental group (n=60) receiving
innovative teaching methods and a control group (n=60) receiving traditional

instruction. Both groups studied the same content over a four-week period.
Teaching Interventions
Experimental Group Interventions:

1. Visual Simplification Strategy: Complex carbohydrate
structures were represented using color-coded molecular models where
carbon atoms were shown as spheres, hydrogen as small cubes, and oxygen
as larger cubes. A simplified "building block" analogy compared glucose
molecules to LEGO pieces that link together.

2. Physical Demonstration: Students constructed 3D models of
glucose, fructose, and sucrose using foam balls and sticks, allowing tactile

understanding of molecular bonds and structural differences.

3. Interactive Experiments: Two practical demonstrations were
conducted:
o Glucose identification test using Benedict's solution
o Starch hydrolysis observation over time with iodine
staining

Control Group: Received standard textbook instruction with PowerPoint

slides and verbal explanations.
Assessment Tools

A pre-test and post-test comprising 25 multiple-choice and short-answer
questions evaluated conceptual understanding. Questions assessed: (1) structural

differences between carbohydrate types, (2) chemical bond recognition, (3)
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functional applications, and (4) real-world examples. Students also completed a

confidence rating scale (1-10) regarding their understanding.
Results
Quantitative Findings

Academic Performance Comparison

Metric Experimental Group Control Group Difference
Pre-test Average Score 42.3% 41.8% +0.5%
Post-test Average Score 81.7% 58.4% +23.3%
Confidence Rating (Pre) 4.2/10 4.1/10 +0.1
Confidence Rating (Post) 8.6/10 5.9/10 +2.7
Retention (2-week follow-up) 78.9% 52.1% +26.8%
Retention (4-week follow-up) 75.3% 47.6% +27.7%

Detailed Performance Analysis by Question Type:

Question Category Experimental (%) Control (%) Difference

Structure Recognition 88.3% 61.2% +27.1%
Bond Identification  84.1% 55.8% +28.3%
Functional Application 79.5% 58.9% +20.6%
Real-world Scenario  77.2% 54.6% +22.6%

The experimental group demonstrated superior performance across all question
categories. The largest gains appeared in bond identification (+28.3%) and structure
recognition (+27.1%), suggesting that visual and kinesthetic learning methods
particularly enhanced molecular-level understanding. Functional application

questions showed more modest improvements (+20.6%), indicating that connecting
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abstract chemistry to biological processes requires additional scaffolding even with

multimodal instruction.
Score Distribution Analysis

In the experimental group, post-test scores followed a distribution with 78% of
students scoring 75% or above, while in the control group, only 42% achieved this
threshold. Additionally, the experimental group had no students scoring below 60%
on the post-test, whereas 23% of the control group fell into this lower range. The
experimental group's score distribution was more tightly clustered around the mean
(standard deviation: 8.4%), compared to the control group's wider dispersion
(standard deviation: 14.2%), indicating more consistent learning outcomes across

diverse learners in the experimental condition.
Temporal Learning Patterns

Data collection occurred at four time points: pre-test (Week 0), post-test (Week

4), first follow-up (Week 6), and second follow-up (Week 8).

Time Point Experimental Group Control Group
Week 0 (Pre-test) 42.3% 41.8%
Week 4 (Post-test) 81.7% 58.4%
Week 6 (2-week follow-up) 78.9% 52.1%
Week 8 (4-week follow-up) 75.3% 47.6%

The experimental group maintained 92% of their peak post-test performance at
the four-week follow-up, while the control group declined to 81% of their peak. This
suggests that the multimodal teaching approach produced more durable learning

outcomes. Notably, the control group showed steeper memory decay between weeks
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6 and 8, losing 4.5 percentage points, while the experimental group lost only 3.6

percentage points.

Student Confidence and Self-Efficacy Progression

Confidence Measure Week 0 Week 4 Week 6 Week 8
Experimental (Avg) 4.2/10 8.6/10 8.3/10 8.1/10
Control (Avg) 4.1/10 5.9/10 5.4/10 5.1/10

The experimental group's confidence rating increased by 4.4 points over the
four-week instructional period, compared to only 1.8 points for the control group.
Importantly, confidence ratings in the experimental group remained stable
(declining only 0.5 points) between the post-test and the final follow-up, suggesting
sustained self-efficacy. The control group's confidence declined more noticeably

(0.8 points), potentially reflecting memory loss and diminished sense of mastery.
Qualitative Observations

Students in the experimental group demonstrated significantly improved ability

to:

Molecular Structure Understanding: Students could accurately explain and
draw glycosidic bond formation, distinguishing between alpha and beta
configurations. When asked to sketch the linking of two glucose molecules, 89% of
experimental group students produced structurally accurate diagrams, compared to

only 53% in the control group.

Conceptual Discrimination: Students readily distinguished between
monosaccharides (single-unit sugars), disaccharides (two-unit sugars), and

polysaccharides (many-unit chains). Importantly, they could explain functional
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differences: why glucose provides rapid energy while starch provides sustained

energy, and why cellulose provides structural support rather than energy.

Transfer and Application: Students demonstrated ability to apply knowledge
to novel scenarios. When presented with unfamiliar carbohydrates (e.g., glycogen),
76% of experimental group students could accurately predict their properties based

on structure, compared to 38% in the control group.

Metacognitive Awareness: Students in the experimental group exhibited
improved metacognitive skills, frequently using self-explanatory language such as
"the color-coding helped me remember that oxygen atoms..." and "I could visualize

the bonds when I built the model."
Student Feedback and Learning Experience
Qualitative interviews and feedback surveys revealed:

«3D Model Construction: 87% of experimental group students reported
this activity "greatly helped" their understanding, with 94% stating they would
recommend this approach to peers. Students reported that physically
manipulating molecular components transformed abstract concepts into
concrete, tangible entities.

«Color-Coded Visual System: 91% of participants rated the color-
coding system as "very helpful" or "extremely helpful." Students frequently
noted that remembering color associations facilitated recall: "I just think of
the red oxygen atoms sticking together..."

« Laboratory Demonstrations: 84% reported that observing the
Benedict's test and iodine staining experiments clarified theoretical concepts.
One student commented, "Seeing the color change made me understand that

chemistry isn't just in textbooks—it's real."
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o Peer Discussion: 76% noted that having concrete models and visuals
facilitated peer explanations, suggesting that multimodal representations

enabled students to better communicate understanding with classmates.

Engagement and Behavioral Metrics

Engagement Indicator Experimental Control Difference
Class Attendance Rate 94.2% 70.1% +24.1%
Volunteer Questions Asked 127 total 73 total +74% increase
Homework Completion Rate  91.6% 67.3% +24.3%

Time on Task (avg. per activity) 42.3 min 28.1 min +50%
Positive Behavioral Incidents 2 (per 60 students) 8 Improved

The experimental group demonstrated substantially higher engagement
throughout the four-week intervention. Attendance rates exceeded 94%, suggesting
that students found the lessons sufficiently engaging to prioritize attendance. The
dramatic increase in volunteer questions (+74%) indicates heightened classroom

participation and intellectual curiosity.

Students in the experimental group spent significantly more time on learning
tasks (50% longer on average), suggesting greater intrinsic motivation and deeper
cognitive engagement rather than superficial task completion. Notably, the
experimental group experienced fewer behavioral issues (2 incidents vs. 8 in the
control group), suggesting that active, multimodal learning may reduce disruptive

behavior associated with disengagement.
Differential Learning Outcomes by Student Subgroups

Analysis revealed interesting patterns when examining performance by prior

academic achievement levels:

https:// journalss.org/index.php/luch/ 9 Yacmp-61_ Tom-1_Aneaps-2026



https://scientific-jl.com/luch/

ISSN:
3030-3680

JAVYUYIUIHE HHTE/UVIEKTYAJIBHBIE HCCIE/JOBAHUA

Prior Achievement Experimental Post- Control Post- Gap
Level test test Reduction
High Achievers 89.2% 75.3% +13.9%
Middle Achievers 82.1% 57.8% +24.3%
Lower Achievers 71.3% 42.1% +29.2%

Notably, the multimodal approach proved particularly beneficial for lower-
achieving students, narrowing the achievement gap by 29.2 percentage points. This
suggests that simplified visual representations and kinesthetic learning especially
support students who may struggle with traditional abstract instruction. Middle-
achieving students also showed substantial gains (+24.3%), while high achievers

benefited least (+13.9%), though still demonstrably improving their performance.
Learning Style Preferences and Outcomes

Students completed a learning style inventory (visual, auditory, kinesthetic) at

the study's outset:

Post-test Confidence
Learning Style N
Performance Gain
Visual Learners 28 84.7% +4.3
Auditory Learners 19 78.9% +3.8
Kinesthetic Learners 13 81.2% +4.6

Contrary to some learning style literature suggesting that instruction should
match student preference, all learning style groups benefited substantially from the
multimodal approach. Kinesthetic learners showed the largest confidence gains
(+4.6), likely due to the model-building activity, while visual learners achieved the

highest absolute scores (84.7%), reflecting the effectiveness of color-coded visuals.
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This suggests that providing multiple modalities benefits all learners rather than

requiring instruction tailored to individual style preferences.
Discussion

Our findings demonstrate that integrating multiple teaching modalities—visual
simplification, kinesthetic learning through model building, and direct
experimentation—significantly enhances student comprehension of complex
carbohydrate chemistry. The 23.3 percentage point improvement in post-test scores

represents a substantial pedagogical advantage of our approach.

The success of the visual color-coding strategy aligns with cognitive load
theory, which suggests that chunking information and wusing multiple
representational systems reduces cognitive burden. By presenting complex
molecular structures as simple, color-differentiated components, students could
more easily process and retain information. The 3D model construction activity
engaged students kinesthetically, activating additional neural pathways and

supporting multiple learning styles—visual, tactile, and spatial.

The retention results are particularly noteworthy. The experimental group
retained 78.9% of their knowledge two weeks later, compared to only 52.1% in the
control group. This 26.8 percentage point difference suggests that multimodal
approaches create more durable memory representations than traditional instruction

alone.

The dramatic increase in student confidence (from 4.2 to 8.6 out of 10) indicates
not only improved understanding but also enhanced self-efficacy regarding
chemistry. This psychological benefit extends beyond test scores, potentially

fostering greater interest in STEM subjects.
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Limitations and Future Directions: This study was conducted within a single
school district with predominantly urban students. Future research should examine
these methods across diverse socioeconomic and geographic contexts. Additionally,
longitudinal studies tracking student performance in advanced chemistry courses
would illuminate the long-term impacts of early conceptual mastery through

multimodal instruction.

Practical Implications: Educators seeking to improve student comprehension
of challenging chemistry concepts should consider incorporating visual
simplification strategies, hands-on model construction, and direct laboratory
experiences. These approaches not only enhance immediate learning outcomes but
also build student confidence and promote deeper conceptual understanding that

persists over time.
Conclusion

Teaching complex carbohydrates need not remain a pedagogical challenge. By
deliberately simplifying visual representations, engaging multiple sensory
modalities, and incorporating direct experimentation, educators can make this
abstract topic concrete and accessible. Our results provide empirical evidence
supporting a paradigm shift from traditional lecture-based chemistry instruction
toward more engaging, multimodal approaches that honor diverse learning styles

and cognitive development needs.
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