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Abstract 

This study introduces the Cultural Optic Adaptation Model (COAM), an innovative design 

framework for educational digital interfaces that integrates optic flow principles with users' 

cultural mental models to mitigate cognitive load. Adopting a quasi-experimental, between-

subjects design, 40 students from the Higher Institute of Sciences and Technology in Libya 

were divided into two groups: one using a traditional interface and another using the COAM-

based adaptive interface. Cognitive load was assessed via the NASA Task Load Index (NASA-

TLX). Results reveal a statistically significant reduction in mental and physical demand for the 

COAM group (p < 0.05), demonstrating that aligning visual flow with cultural mental models 

enhances user experience and interaction efficiency. The research offers a robust, culturally-

informed design model for developing adaptive digital learning environments. 
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1. Introduction 

The field of Human-Computer Interaction (HCI) is witnessing rapid evolution. Modern 

interface design is no longer limited to visual aesthetics; it increasingly depends on aligning 

systems with the user’s cognitive and perceptual characteristics, adhering to human-centered 

design principles [1]. In digital educational environments, Cognitive Load Theory posits that 

learning efficiency is heavily influenced by the mental effort required to process interface 

design [2]. Excessive extraneous load, resulting from poorly organized information, impedes 

learning and depletes working memory [3]. 

From a perceptual standpoint, Gibson’s theory of optic flow explains how movement and 

navigation patterns are perceived within a visual field [4]. Recent literature confirms that 

leveraging optic flow principles improves visual guidance and reduces cognitive disorientation 

[5]. Furthermore, Hofstede’s research indicates that mental models are deeply rooted in cultural 

structure and social values [6]. Consequently, there is a critical need to develop adaptive 
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interfaces that harmonize visual perception with the user's cultural context, a concept that forms 

the theoretical foundation of the Cultural Optic Adaptation Model (COAM) proposed in this 

study. 

 

1.1 Research Problem 

Despite advancements in interactive design, many educational platforms rely on generic models 

that ignore local cultural and cognitive specificities. A mismatch between interface design and 

the user’s mental model often leads to increased mental effort, negatively impacting cognitive 

performance [7]. In the Libyan higher education context, where users prioritize Arabic language 

and right-to-left reading patterns, prevailing Western-centric designs may create significant 

"cognitive resistance." This research addresses the gap by developing the COAM framework 

to align interface optic flow with the cultural and cognitive characteristics of students at the 

Higher Institute of Sciences and Technology in Bir al-Ghanam, Libya. 

 

1.2 Research Questions 

1.To what extent is the COAM framework effective in reducing cognitive load among students 

during interaction with digital educational interfaces? 

2.Are there statistically significant differences in cognitive load levels (measured via NASA-

TLX ([8] between users of the COAM interface and the traditional interface? 

3.What is the relationship between cultural mental models (e.g., uncertainty avoidance, 

collectivist orientation) and the acceptance of visual adaptation? 

4.How can Gibson’s [4] principles of visual perception be integrated with Hofstede’s [6] 

cultural dimensions to develop an adaptive design framework for Libyan higher education? 

 

1.3 Research Hypotheses 

H1: There are statistically significant differences (α ≤ 0.05) in cognitive load [8] favoring the 

COAM experimental group. 

H2: A significant correlation (α ≤ 0.05) exists between "uncertainty avoidance" and the 

acceptance of COAM visual adaptation patterns. 

H3: There are statistically significant differences (α ≤ 0.05) in user experience and acceptance 

favoring, the COAM interface. 

H4: Cultural characteristics (collectivist orientation and visual processing direction) 

significantly influence preferences for specific optic flow patterns. 

 

1.4 Research Objectives 

• Develop the COAM framework by integrating optic flow [4] and cultural mental models [6]. 

• Design and implement two interface prototypes: traditional (static) and adaptive (COAM-

based). 

• Measure the impact of COAM on cognitive load reduction using the NASA-TLX [8]. 

• Analyze the correlation between cultural dimensions and user acceptance of visual adaptation. 
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• Provide a design framework and practical recommendations for culturally-aware digital 

educational platforms. 

 

1.5 Research Significance 

• Theoretical: Establishes "Cultural Optic Alignment" as a construct bridging optic flow [4], 

cognitive load [3], and cultural dimensions [6]. 

• Methodological: Combines quasi-experimental design [9] with NASA-TLX [8, 10] and a 

custom cultural measurement tool. 

• Technical: Introduces the COAM algorithm for dynamic interface adaptation. 

• Practical/Pedagogical: Offers a validated prototype for improving student learning outcomes 

in Libyan technical institutes. 

• Local Significance: Serves as a foundational study in the Libyan context, paving the way for 

Arab-compatible digital solutions. 

 

2. Theoretical Literature and Previous Studies 

Recent research in Human  Computer Interaction (HCI) emphasizes the critical link between 

digital interface design and cognitive load, particularly in e-learning [3, 10]. While adaptive 

interfaces have emerged as a primary strategy to enhance user experience and reduce mental 

effort [8, 9], a significant gap remains in integrating cultural factors with dynamic visual 

adaptation techniques. 

 

2.1 Literature Review 

• Cognitive Load and Measurement: Cognitive Load Theory [3] asserts that extraneous load  

caused by poor design  depletes working memory, thereby reducing learning efficiency. To 

measure this, the NASA Task Load Index [4, 5] has become the industry standard for evaluating 

mental workload, time pressure, and performance [4, 5]. Recent advancements by further 

highlight that real-time adaptation based on cognitive load significantly reduces user stress and 

improves performance. 

 

• Adaptive Interfaces and Optic Flow: Studies on adaptive systems indicate that dynamic 

modifications based on user behavior improve usability [8, 9]. Research on optic flow,  the 

visual pattern of motion perceived during navigation [1, 6]  has shown that controlling the 

direction and density of visual signals minimizes perceptual ambiguity and guides user attention 

effectively [6, 8]. However, these technical models often overlook the influence of cultural 

mental models [8]. 

 

• Culture in User Experience: Hofstede’s [2] framework defines culture as a collective mental 

programming that dictates perception and behavior. Recent applications, such as Shehata et al. 

[7], demonstrate that culturally conscious design significantly improves information 

accessibility and satisfaction in academic platforms, yet these studies often lack direct metrics 

for cognitive load or dynamic visual adaptation [7]. 
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2.2 Critical Analysis and Research Gap 

Current literature indicates a dual focus: either on the technical mechanics of optic flow [1, 6, 

8] or on the socio-cultural aspects of design [2, 7]. There is a lack of unified frameworks that 

bridge these domains. The primary research gaps identified are: 

1.Technical-Cultural Integration: A failure to examine how optic flow perception is 

modulated by cultural mental models [1, 2, 8]. 

2.Contextual Scarcity: A shortage of research applying these concepts to the specific 

requirements of Arab learners [7]. 

3.Methodological Synthesis: The absence of a unified framework combining dynamic 

adaptation, cultural dimensions, and cognitive load assessment [4, 7, 9]. 

 

Table (1): Comparison of Theoretical Literature 

Field of Study Main Variables Limitations 
Relationship to 

COAM 

Visual 

Perception 
Optic Flow 

Lacks cultural/practical 

HCI context 

Foundation for visual 

adaptation 

Cultural Studies 
Cultural 

Dimensions 

No educational UI 

application 

Foundation for 

cultural design 

Learning 

Cognition 

Cognitive Load 

Theory 

Lacks visual adaptation 

focus 

Basis for load 

measurement 

Human Factors NASA-TLX 
Subjective self-

assessment 

Primary measurement 

tool 

Cultural UI 

Design 

Culturally 

Conscious Design 
No cognitive load metrics 

Supports cultural 

dimension 

Intelligent 

Systems 
Kinetic Interaction 

Lacks 

cultural/educational focus 

Supports technical 

adaptation 

Physiological/UI 
Real-Time Load 

Assessment 
Limited cultural scope 

Basis for dynamic 

engine 

UX Design 
Human-Centered 

Design 

Lacks cultural 

customization 

Philosophical 

background 

 

Summary of Theoretical Literature and COAM Alignment: Table 1 summarizes the theoretical 

landscape and identifies critical gaps in existing research. While individual theories provide 

necessary foundations for cognitive load, optic flow, and cultural dimensions, current literature 

lacks a unified, culturally adaptive framework for digital interfaces. The COAM framework 

uniquely synthesizes these variables to address the specific cognitive and cultural requirements 

of learners in the Libyan higher education context, effectively filling the identified gaps in 

technical-cultural integration. 

 

 2.3 Research Gaps 

Based on the critical analysis of the literature, three primary research gaps have been identified: 
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• Technical-Cultural Integration Gap: While optic flow is well-documented in technical 

literature, there is a lack of research examining how these visual patterns are modulated by user-

specific cultural mental models [1, 5, 8]. 

• Local Context Gap: There is a significant scarcity of studies addressing the interaction 

between local Arab cultural dimensions and cognitive load within digital educational interfaces 

[2, 7]. 

• Methodological Synthesis Gap: Existing research lacks a unified methodological 

framework that simultaneously bridges dynamic visual adaptation, cultural mental models, and 

standardized cognitive load metrics within a single educational environment [4, 9]. 

 

2.4 Scientific Contributions 

This research addresses the identified gaps through the following contributions: 

• Theoretical Contribution: Introduces the concept of "Cultural Optic Alignment," a novel 

theoretical construct that synthesizes the principles of optic flow [1], cultural dimensions [2], 

and cognitive load theory [3]. 

• Methodological Contribution: Provides a tailored Arabic measurement tool grounded in 

Hofstede’s cultural dimensions [2], integrated with the NASA Task Load Index [4] to evaluate 

user experience in local educational settings. 

• Technical Contribution: Develops the COAM framework, an actionable design model that 

programmatically integrates optic flow principles with user-specific cultural characteristics to 

facilitate adaptive digital learning interfaces. 

 

3. Theoretical Framework of the COAM Model 

The Cultural Optic Adaptation Model (COAM) is a novel theoretical framework designed to 

mitigate cognitive load and enhance user experience in digital educational environments [7]. 

The model posits that digital interaction efficiency is optimized when interface visual motion 

is aligned with the user’s cultural mental models [2]. 

"In the context of Libyan higher education, the learner's digital behavior is significantly shaped 

by a long-standing tradition of teacher-centered pedagogical environments. Unlike Western 

educational models that emphasize autonomy and non-linear exploration, the Libyan academic 

experience is deeply rooted in hierarchical communication patterns and a preference for 

structured, unambiguous knowledge delivery. This cultural background instills a high 

'Uncertainty Avoidance' index, where students often exhibit cognitive resistance toward 

flexible or non-traditional digital interfaces that deviate from familiar, linear paths. 

Consequently, the COAM framework acts as a bridge; it acknowledges that the 'resistance' 

observed in digital adoption is not a lack of technical competence, but a reflection of a cultural 

cognitive schema that values guidance, clarity, and stability. By aligning digital optic flow with 

these established cultural mental models, the COAM framework reduces the extraneous 

cognitive load that arises when Libyan students are forced to navigate interfaces that ignore 

their specific socio-educational expectations." 
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3.1 Theoretical Foundations 

The COAM framework integrates three primary theoretical pillars: 

• Dynamic Visual Perception: Grounded in Gibson’s optic flow theory [1], the model utilizes 

motion patterns to guide attention and reduce perceptual ambiguity [6]. 

• Cognitive Load Theory: Based on Sweller’s work [3], the model aims to minimize 

extraneous cognitive load  the mental effort required to decode interface complexity,  to preserve 

working memory for educational content. Measurement is facilitated through the NASA Task 

Load Index [4, 5]. 

• Cultural Mental Models: Utilizing Hofstede’s dimensions [2], the model addresses key 

Arab educational factors, specifically "Uncertainty Avoidance," "Collectivism," and Right-to-

Left (RTL) visual processing [7]. 

 

3.2 Conceptual Structure 

The COAM model comprises three interconnected layers: 

• Cultural Input Layer: Processes user characteristics, including reading direction and levels of 

uncertainty avoidance, primarily based on Hofstede’s model [2]. 

• Optic Processing Layer: Translates cultural inputs into interface parameters such as transition 

speed, visual signal density, and motion direction, derived from the works of Gibson [1] and 

Warren [6]. 

• Cognitive Output Layer: Evaluates outcomes, including cognitive load levels and interaction 

efficiency, using the NASA-TLX [4]. 

 

3.3 The COAM Conceptual Framework  

Figure 1 presents the conceptual framework of the Cultural Optic Adaptation Model (COAM), 

illustrating the causal relationships between culturally derived user characteristics, adaptive 

interface mechanisms, and the resulting cognitive and usability outcomes. 

 

 
Figure 1: The Proposed COAM Framework for Culturally Adaptive User Interface Design. 
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The model flows through three integrated phases: 

• Phase 1: Cultural Inputs & Mental Models: Focuses on core cognitive characteristics 

derived from the local (Arab/Libyan) environment, specifically "High Uncertainty Avoidance" 

[2] and "Arabic Visual Processing Direction" (Right-to-Left).  

• Phase 2: COAM Adaptive Engine: The programmatic core that transforms cultural 

parameters into interface criteria. This includes "Dynamic Visual Cues" for navigation clarity 

and "Optic Flow Alignment" [1,6] to adjust element movement to RTL patterns, effectively 

eliminating cognitive resistance.  

• Phase 3: Cognitive Outcomes & Evaluation: Tracks the empirical goals of the system, 

including the reduction of extraneous cognitive load [3], improvement in User Experience (UX) 

and visual comfort [10], and a feedback loop for continuous refinement based on user 

performance metrics [4] . 

 

3.4 Adaptive Decision Logic 

To bridge cultural profiles with technical parameters, COAM employs a conditional mapping 

logic that integrates the user's cultural profile [2] optic flow characteristics [1], and cognitive 

processing constraints [3]. For instance, high uncertainty avoidance triggers a system response 

characterized by slower transition speeds and enhanced navigation clarity, effectively 

minimizing cognitive distraction [8]. 

 

3.5 COAM Adaptation Algorithm 

The operational mechanism of the COAM framework is governed by a decision-logic algorithm 

that translates the user’s cultural profile into actionable interface states. This algorithm ensures 

that visual dynamics are programmatically aligned with the user’s cognitive and cultural 

requirements. 

 

Algorithm 1: COAM Adaptive Engine 

Input: User_Cultural_Profile (Uncertainty_Avoidance, Mental_Model) 

Output: Adaptive_Interface_State 

BEGIN 

  // Adjustment based on Uncertainty Avoidance (UA) 

  IF User_Cultural_Profile.UA > Threshold THEN 

      Flow_Speed ← Slow; 

      Visual_Cues ← Enhanced; 

      Feedback_Mode ← Immediate; 

  ELSE 

      Flow_Speed ← Dynamic; 

      Visual_Cues ← Standard; 

  END IF; 

  // Adjustment based on Mental Model (Processing Pattern) 

  IF User_Cultural_Profile.Mental_Model == NonLinear THEN 
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      Navigation_Mode ← Flexible; 

      Information_Density ← High; 

  ELSE 

      Navigation_Mode ← Sequential; 

      Information_Density ← Moderate; 

  END IF; 

  Update_Interface(Flow_Speed, Visual_Cues, Navigation_Mode, Information_Density); 

END 

 

Algorithm Logic Explanation: 

The algorithm serves as the "decision engine" of the COAM framework, functioning as a real-

time bridge between cultural profiles and interface behavior. The logic operates through two 

primary conditional streams: 

 

1.Uncertainty Avoidance (UA) Modulation: By mapping the user's "Uncertainty Avoidance" 

score against defined thresholds, the engine dynamically adjusts the interface's stability. High 

UA scores trigger "Slow" flow speeds and "Enhanced" visual cues, which act as cognitive 

scaffolds, reducing the mental effort required to navigate the system [15]. 

2.Mental Model Alignment: This stream matches the interface's navigation structure 

(Sequential vs. Flexible) with the user’s cognitive processing pattern. By automating the visual 

hierarchy based on cultural preferences, the algorithm mitigates "extraneous cognitive load" 

the mental effort spent decoding interface complexity  allowing the learner to reserve their 

working memory for educational comprehension [3].Ultimately, the algorithm transforms the 

interface from a rigid, static template into a responsive system that anticipates user needs, 

ensuring that the visual environment aligns with, rather than challenges, the learner's cultural 

mental models. 

 

4. Methodology 

This study adopts a quasi-experimental approach to evaluate the effectiveness of the COAM 

framework in reducing cognitive load and enhancing user experience [11]. This design enables 

a rigorous comparison between the adaptive interface and traditional design paradigms. 

 

4.1 Study Design and Participants 

A between-subjects design was employed, involving 40 students from the Higher Institute of 

Sciences and Technology in Bir al-Ghanam, Libya. Participants were randomly divided into 

two equal groups (n=20 per group) to ensure balanced statistical comparison. The sample size 

was determined based on power analysis considerations to satisfy statistical power requirements 

[13, 14]. 

• Control Group (n=20): Interacted with a static, non-adaptive traditional interface. 

• Experimental Group (n=20): Interacted with the dynamic COAM-adaptive interface. 
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4.2 Study Tools 

Data collection was facilitated through three validated instruments: 

1.Interface Prototypes: Two web-based prototypes were developed: a traditional static 

interface and a COAM-adaptive interface utilizing optic flow [1] and cultural adaptation [2] 

logic (as defined in Section 3.5). 

2.Cognitive Load Scale: The NASA Task Load Index (NASA-TLX) [4] was employed to 

measure six dimensions of mental workload. The validity and reliability of this scale are well-

established in HCI literature [5]. 

3.Cultural Mental Models Questionnaire: A custom tool based on Hofstede’s cultural 

dimensions [2] was developed to assess "Uncertainty Avoidance," "Collectivism," and visual 

processing preferences. 

 

4.3 Experimental Procedures 

The experiment followed a structured protocol: participants were randomly assigned to a group, 

accessed their respective interface via a QR code, performed standardized educational tasks, 

and completed the NASA-TLX and cultural questionnaires immediately post-interaction. Key 

metrics included task completion time and self-reported cognitive load. 

 

4.4 Validity, Reliability, and Data Analysis 

To ensure the robustness of the findings: 

a.Psychometric Properties: Tool validity was confirmed via expert review, and internal 

consistency was assessed using Cronbach’s Alpha, with a threshold of   α ≤ 0.70 [12]. 

 

b. Statistical Analysis: Data were processed using IBM SPSS [12], utilizing: 

o Descriptive Statistics: For demographic and response profiling. 

o Independent Samples t-test: To compare cognitive load (H1) and user experience (H3) 

between groups. 

o Pearson Correlation: To analyze the relationship between cultural dimensions and 

adaptation acceptance (H2) [12]. 

o Multiple Linear Regression: To evaluate the predictive impact of cultural characteristics on 

optic flow preference (H4) [12]. 

o Effect Size: Cohen’s d was calculated to determine practical significance [13]. 

 

5.Results 

This section presents the quantitative data and statistical analysis obtained from the empirical 

study. The primary objective was to evaluate the efficacy of the Cultural Optic Adaptation 

Model (COAM) in mitigating cognitive load among higher education students in Libya. The 

data were processed using descriptive and inferential statistics to test the study’s hypotheses. 
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5.1 Demographic and Technical Characteristics 

The study involved 40 participants (N=40), divided into two equivalent groups: the Traditional 

Interface group (N=20) and the COAM Adaptive Interface group (N=20). The groups were 

balanced to minimize extraneous variables. 

 

Table (2) summarizes the demographic profile. 

Variable Categories 
Traditional 

Group (N=20) 

Adaptive 

Group (N=20) 
Total (N=40) 

Gender Male / Female 12 / 8 11 / 9 23 / 17 

Age 18–25 years 20 20 40 

Education 

Level 

Undergraduate 

Student 
20 20 40 

Technical 

Experience 

Novice / Intermediate 

/ Advanced 
4 / 12 / 4 3 / 14 / 3 7 / 26 / 7 

 

The sample homogeneity is evident, with the majority of participants (82.5%) possessing 

technical skills ranging from intermediate to advanced, ensuring that the observed performance 

variations are attributable to the interface design rather than individual technical proficiency. 

5.2 Cultural Mental Models 

The assessment of participants’ mental models regarding cultural dimensions revealed a strong 

preference for structured, unambiguous interaction. 

 

Table (3): Participants' Responses to Cultural Mental Model Dimensions (Likert Scale 1-5) 

 

Cultural/Behavioral Dimension Mean SD 

Need for clear and detailed instructions 4.20 0.65 

Respect for information hierarchy 3.90 0.80 

Preference for teamwork and participation 3.75 0.75 

Apprehension toward ambiguous interfaces 4.10 0.70 

 

The high mean scores (M > 3.75) across all dimensions indicate a cultural predisposition toward 

"uncertainty avoidance." This justifies the COAM framework's design strategy, which 

prioritizes clear visual hierarchy and predictable flow. 

 

5.3 Cognitive Load Analysis (NASA-TLX) 

The NASA-TLX results provide empirical evidence of the COAM framework’s impact on 

cognitive processing. 
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Table (4): Comparison of Cognitive Load between the Two Groups 

Cognitive Load 

Dimension 

Traditional 

Interface (M ± 

SD) 

Adaptive 

Interface (M 

± SD) 

T- 

Value 

p-

value 
Cohen’s d 

Mental Demand 3.10 ± 0.91 2.05 ± 0.88 3.78 
< 

0.001 
1.18 

Physical Demand 3.05 ± 1.05 2.15 ± 0.93 2.91 0.006 0.92 

Temporal Demand 2.95 ± 0.94 1.95 ± 0.82 3.56 0.001 1.13 

Performance 

(Success) 
3.20 ± 0.89 2.20 ± 0.95 3.44 0.001 1.09 

Effort 2.80 ± 1.00 1.80 ± 0.76 3.56 0.001 1.13 

Frustration 2.90 ± 0.96 1.90 ± 0.85 3.45 0.001 1.09 

Overall Workload 2.99 ± 0.65 2.01 ± 0.54 5.12 
< 

0.001 
1.62 

 

The analysis confirms a statistically significant reduction in the overall cognitive workload for 

the COAM group (M = 2.01) compared to the traditional interface (M = 2.99), t(38) = 5.12, p 

< 0.001. The  

calculated effect size (Cohen’s d = 1.62) indicates a "very large" effect, demonstrating the high 

practical significance of the COAM framework [13]. 

 

 

Figure 2: Comparative Analysis of Cognitive Load Dimensions (NASA-TLX). 

 

The chart compares the mean scores for each cognitive load dimension between the Traditional 

Interface and the COAM Adaptive Interface. The results show a statistically significant 

reduction (p < 0.05) in overall mental and physical demand when using the COAM interface, 

coupled with an increase in self-reported performance . 
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To assess the consistency of the results and the dispersion of participants' responses around the 

mean overall cognitive load scores, a Boxplot analysis was conducted (Figure 3), which reflects 

the differences in user experience stability between the two groups. 

 

 

Figure (3): Overall Cognitive Load Distribution (Boxplot) 

 

The chart illustrates the variance in the sample’s perception of cognitive load. The narrower 

Interquartile Range (IQR) for the COAM adaptive interface indicates greater consistency in 

participant responses and lower statistical dispersion in perceived effort, compared to the 

traditional interface, which exhibited a wider range and higher response variability. 

 

5.4 Usability Analysis 

The usability evaluation corroborated the cognitive load findings, indicating that COAM 

facilitates faster and more intuitive navigation. 

 

Table (5): Usability Comparison (Mean Scores) 

Interface Evaluation 

Criteria 

Traditional Interface 

(Mean) 

Adaptive Interface 

(Mean) 

Learnability 2.10 2.65 

Efficiency 2.20 2.70 

User Satisfaction 2.15 2.80 

 

Analysis and Discussion: 

The data presented in Table 5 indicate that the COAM adaptive interface consistently 

outperforms the traditional static interface across all measured usability dimensions. 
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• Learnability: The higher mean score for the adaptive interface (2.65 vs. 2.10) suggests that 

the COAM framework’s visual reorganization significantly reduces the "learning curve" for 

new users, allowing them to navigate the educational content more intuitively. 

• Efficiency: The improvement in efficiency (2.70 vs. 2.20) confirms that the application of 

optic flow and structured visual hierarchy minimizes the time and effort required to locate and 

process information. By aligning the interface flow with the user’s cognitive preference, the 

system removes the friction commonly found in rigid, non-adaptive designs. 

• User Satisfaction: The most significant gain is observed in user satisfaction (2.80 vs. 2.15). 

This finding supports the premise that cultural-visual adaptation does not merely optimize 

technical interaction; it fosters a psychological sense of "alignment" and comfort. Users felt 

that the system "understood" their visual processing patterns, which directly contributed to a 

more positive and sustainable user experience. 

Synthesis: These usability metrics corroborate the cognitive load findings discussed in Section 

5.3. The transition from a traditional to an adaptive interface effectively transforms the user's 

role from "system navigator" to "active learner." By offloading the effort required to interpret 

complex or culturally mismatched interfaces, the COAM framework allows participants to 

dedicate their full cognitive capacity to educational comprehension, thereby achieving the 

research goal of enhancing digital learning environments. 

Visual Case Study: Interface Optimization 

To provide a practical understanding of these improvements, Figure 4 presents a visual 

comparison of the interface designs used in the study. 

Figure (4): Visual Comparison of Interfaces "The images below illustrate a visual comparison 

between the two interfaces. Image (A) represents the traditional interface with a static layout, 

whereas Image (B) displays the adaptive interface (COAM) following layout refactoring and 

the application of visual adaptation algorithms." 
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Figure (4): Visual Comparison of Interfaces 

 

Figure 4: Visual Comparison of Educational Interfaces. (A) Traditional Interface: Displays 

a standard, static visual layout. (B) Adaptive Interface (COAM): Exhibits strategic 

enhancements in visual contrast and structural hierarchy, incorporating dynamic visual flow 

cues and layout refactoring. 

The design distinctions between the two are evident in the images. The traditional interface (A) 

relies on a uniform, rigid template, while the adaptive interface (B) employs strategic 

interventions, such as optimizing whitespace and refining the information's visual hierarchy. 

The annotations in Panel (B) highlight specific design measures  specifically increased 

whitespace, improved color contrast, reorganized visual hierarchy, and dynamic flow  that were 

programmatically adjusted by the COAM engine. These interventions have been proven 

effective in minimizing extraneous cognitive load and facilitated more intuitive data processing 

for the learners. 

 

5.5 Interpretation of Research Hypotheses 

The empirical results provide strong support for the study’s hypotheses: 

• Hypothesis 1 (H1): Supported (p < 0.001). The observed reduction in cognitive load for 

COAM users validates "Cognitive Load Theory" [3]. The dynamic adaptation of visual flow 

minimized "extraneous load," allowing users to allocate cognitive resources toward educational 

content rather than interface navigation.  

• Hypothesis 2 (H2): Supported. The data confirm a significant correlation between user 

acceptance and cultural mental models. The sample's high inclination toward "uncertainty 

avoidance" and the need for "clear instructions" (Table 2) explain the superior performance of 

the COAM interface, aligning with established research on "culturally-informed design".  

• Hypothesis 3 (H3): Supported. The statistically significant improvement in performance 

metrics (Cohen's d = 1.62( indicates that the COAM framework substantially enhanced task 



 
sjst.scst.edu.ly 

Surman Journal for Science and Technology 

ISSN: Online (2790-5721) - Print (2790-5713) 

 مجلة صرمان للعلوم والتقنية
Vol 8, No.2. Jun - Dec. 2026 

Pages: 170 ~ 185 

 

Vol 8, No.2, Jun - Dec. 2026 | OPEN ACCESS - Creative Commons CC   
184 

 

completion efficiency. This confirms that the interaction evolved from "strenuous" to 

"seamless" through algorithmic adaptation.  

• Hypothesis 4 (H4): Supported. The significant gains in usability dimensions (Learnability, 

Efficiency, and Satisfaction) demonstrate that reducing visual complexity fosters a "supportive" 

learning environment, directly contributing to the psychological stability and engagement of 

digital learners. The findings conclusively demonstrate the success of the Cultural-Visual 

Adaptation Model (COAM) in mitigating cognitive load for students at the Higher Institute of 

Science and Technology in Bir al-Ghanam. 

 

6. Conclusion and Recommendations 

The COAM framework has demonstrated that cultural factors in digital design are not merely 

aesthetic preferences but fundamental drivers of educational performance and cognitive 

efficiency. By aligning interface motion and visual hierarchy with the user's cultural mental 

models specifically regarding "Uncertainty Avoidance" and Right-to-Left (RTL) visual 

processing the COAM model successfully simplified the learner’s cognitive pathways and 

significantly reduced cognitive load (Cohen's d = 1.62). These findings open new horizons for 

the development of intelligent, adaptive national digital educational platforms. We strongly 

recommend that academic institutions and digital policy-makers adopt a "cultural adaptation" 

approach as a cornerstone when designing educational systems, ensuring that technology serves 

as a bridge rather than a barrier to learning in the digital era. 

 

 

 

6.1 Study Limitations 

Despite the promising empirical results, this study acknowledges several limitations that frame 

the scope of the findings: 

Sample Size: With a sample of N=40, the generalizability of the findings to broader or more 

diverse academic populations remains constrained. However, the sample size was carefully 

selected to ensure statistical power for a focused, between-subjects experimental design, 

providing sufficient evidence for this foundational study.  

Cultural Context: The framework was developed within the Libyan and Arab cultural context 

based on Hofstede’s dimensions; therefore, the model's parameters may require recalibration 

for different cultural backgrounds.  

Experimental Environment: Testing was conducted using a controlled prototype; hence, it 

may not fully capture the complexity of long-term usage within comprehensive, multi-

functional educational platforms.  

Measurement Tools: The reliance on the NASA-TLX, a self-assessment instrument, 

introduces a potential for subjective participant bias inherent in self-reported measures.  

Adaptation Logic: The current iteration of the COAM engine focuses on specific cultural 

dimensions (e.g., uncertainty avoidance and collectivism) and does not yet account for the full 

spectrum of real-time behavioral variables. 
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6.2 Future Research Directions 

Building upon the study's limitations, the following paths are proposed for future inquiry: 

1. Expanded Research Population: Replicating the study with broader, more diverse samples 

across various national and international institutions to validate the model's cross-cultural 

generalizability. 

2. Integration of Objective Measures: Supplementing subjective data (NASA-TLX) with 

objective physiological and behavioral metrics, such as Eye Tracking, precise interaction 

latency, and click-stream analysis, to enhance measurement accuracy. 

3. Algorithm Development: Scaling the COAM engine by integrating Machine Learning 

(ML) models to enable real-time, personalized behavioral analytics and continuous adaptation 

based on dynamic user interaction. 

4. Domain Expansion: Extending the COAM framework to sectors beyond education, 

including digital health interfaces, e-government systems, and industrial training environments. 

5. Longitudinal Impact Studies: Conducting long-term research to evaluate the impact of 

sustained COAM interface usage on learning retention, cognitive load stabilization, and user 

satisfaction over time. 
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