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	Report for the article titled as “ Crank-Nicolson Analysis of Black-Scholes Equation and Effects of Covariance Properties for Stock Market Prices”
1. General Evaluation
This manuscript explores the valuation of European-style options through the implementation of the Crank-Nicolson numerical scheme within the framework of the classical Black-Scholes model. The study further incorporates the use of covariance matrices and quantile-quantile (QQ) normality tests to evaluate both the statistical robustness and financial implications of the pricing outputs. The research topic is relevant and potentially valuable, particularly within the domains of computational finance and applied mathematical modeling. However, the current version of the manuscript requires major revisions to enhance its methodological rigor, clarity of exposition, and overall academic contribution before it can be deemed suitable for publication.

2. Weaknesses and Recommendations
2.1 Language and Grammar Issues
The manuscript suffers from significant grammatical and syntactical errors throughout. These hinder comprehension and detract from the academic quality.
- Examples:
  • “comes from a common a distributions” → should be “come from a common distribution”
  • “This does not in any way generates risk…” → should be “generate risk…”
Recommendation: The entire manuscript should undergo thorough professional English language editing.

3.2 Literature Review
The literature review section demonstrates a lack of thematic organization and logical flow. Several references are presented in succession without sufficient contextualization or critical engagement.
Recommendation: It is strongly advised that the literature review be restructured around coherent thematic categories. Each cited study should be clearly linked to the research question, highlighting its relevance and contribution. Moreover, the review should explicitly identify the existing gap in the literature that the current manuscript seeks to address.

3.3 Methodological Limitations

While the Crank-Nicolson scheme is introduced as a numerical solution technique for the Black-Scholes model, the manuscript does not provide a formal discussion on key theoretical properties such as convergence, numerical stability, and error estimation. These aspects are essential for evaluating the reliability and applicability of the method in option pricing contexts.

Furthermore, the interpretation of the covariance matrix and eigenvalue decomposition appears largely heuristic. There is an evident lack of rigorous statistical validation to support the inferences drawn. To enhance the robustness of the analysis, it is recommended that quantitative error metrics—such as Root Mean Squared Error (RMSE) or Mean Absolute Percentage Error (MAPE)—be reported to compare the numerical results obtained via the Crank-Nicolson method against the closed-form analytical solution of the Black-Scholes model.

In addition, statistical validation of the distributional assumptions should go beyond visual inspection through QQ plots. It would strengthen the manuscript significantly to include formal goodness-of-fit tests, such as the Anderson-Darling or Shapiro-Wilk tests, with corresponding p-values.

Lastly, the discussion surrounding the role of eigenvalues in capturing volatility dynamics requires theoretical clarification. Interpreting negative eigenvalues as indicative of “stability” is conceptually inaccurate unless explicitly justified within a coherent mathematical framework. Clear theoretical justification must be provided to substantiate such interpretations.

3.4 Interpretation of Results
In Tables 1 and 2, the statement that BS and CN values are “indistinguishable” is misleading, especially as the relative errors rise above 7–9% in some rows.
Recommendation:
- Provide deeper analysis of the error behavior with respect to volatility and strike price.
- Consider a sensitivity analysis to enhance the robustness of conclusions.

4. Final result:
The study addresses an important area in computational finance and contributes modestly to the existing literature by applying statistical diagnostics to CN-based pricing. However, several substantial revisions are required to ensure methodological soundness, statistical validity, and academic clarity.

Recommendation: Minor Revision
Revisions Required:
1. Full grammatical and syntactical editing.
2. Strengthened literature review with clear research gap identification.
3. Incorporation of error metrics and robustness checks.
4. Statistically valid interpretation of covariance matrices and QQ plots.
5. More careful and theoretically grounded explanation of eigenvalues and volatility implications.

Once these issues are thoroughly addressed, the manuscript could be reconsidered for publication.
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