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[bookmark: _Toc212316840]Introduction
In the field of statistical programming and computational mathematics, recursive integer sequences like the Pell and Fibonacci numbers offer rich opportunities for exploring algorithmic logic, numerical approximation, and data manipulation. These sequences are not only mathematically elegant but also practically useful in areas such as cryptography, continued fractions, and irrational number approximations. This report documents the development and testing of an R script designed to generate the first 200 Pell numbers, compare them with Fibonacci numbers, and use them to approximate the square root of two (√2). The task is part of the Advanced Statistical Programming module (ACCA7022) and contributes to the learning outcome ILO2: “Manipulate data and implement statistical programming techniques on large datasets.”
The Pell sequence is defined recursively as:

This structure resembles the Fibonacci sequence:

While the Fibonacci sequence is widely known for its applications in nature and computer science, the Pell sequence is particularly notable for its role in approximating √2. The ratio converges toward √2 as increases, providing a rational approximation that improves with each term. This convergence behavior makes Pell numbers a compelling subject for computational analysis.
The assignment requires the use of loops exclusively—no custom functions or apply() family functions—emphasizing mastery of iterative logic in R. This constraint encourages a deeper understanding of control flow, indexing, and data structure manipulation. The final output is a dataframe containing six columns: index, Fibonacci number, Pell number, approximation of √2, difference from the true value, and accuracy in terms of matching decimal places.
By combining mathematical theory with practical programming, this task bridges abstract concepts with real-world data analysis. It reinforces the importance of precision, algorithmic thinking, and structured output in statistical programming. The report that follows explains the code logic, presents a flowchart of the process, discusses testing and validation, reflects on challenges and learnings, and evaluates the broader implications of loop-based programming for numerical analysis.


[bookmark: _Toc212316841]Code Explanation and Flowchart
This literature review seeks to critically investigate available scholarly literature and technological advancements on the use of Artificial Intelligence (AI) in the automation of form grading in educational settings. One of the goals of the review is the discovery of several trends, methods, and theoretical frameworks that have contributed to the evolution of the discipline by identifying key gaps and unsolved issues that need to be pursued. With the rising amount of digitization of educational processes and the administrative loads placed on educators, AI-based grading solutions have come to be a center of attention as concerns educational innovation.Methodology and Research Design
[bookmark: _Toc212316842]2.1 Initial Setup
The script begins by initializing vectors to store values for each required column. These include n for indices, fib for Fibonacci numbers, pell for Pell numbers, approx_sqrt2 for approximations, diff_sqrt2 for differences, and accuracy for decimal place accuracy. Pre-allocating these vectors improves performance and ensures clarity.
[image: ]

[bookmark: _Toc212316843]2.2 Base Cases
The first two values of both sequences are manually assigned:
[image: ]

These base cases are essential for initiating the recursive logic.

[bookmark: _Toc212316844]2.3 Generating Sequences
A for loop is used to compute the remaining values:
[image: ]

This loop adheres strictly to the mathematical definitions and avoids functional programming constructs.
[bookmark: _Toc212316845]2.4 Approximating √2
The approximation is calculated using the formula , provided F_n is non-zero:
[image: ]
This step demonstrates how integer sequences can be used to approximate irrational numbers.

[bookmark: _Toc212316846]2.5 Calculating Differences
The absolute difference between the approximation and the true value of √2 is computed and rounded to five decimal places:
[image: ]
This allows for a consistent comparison across all values of n.


[bookmark: _Toc212316847]2.6 Measuring Accuracy
To determine how many decimal places match between the approximation and the true value, the script compares the string representations of both numbers:
[image: ]
Subtracting 2 accounts for the “1.” prefix before the decimal digits.

[bookmark: _Toc212316848]2.7 Creating the Dataframe
All vectors are combined into a dataframe:
[image: ]
This structured format facilitates analysis and visualization.

[bookmark: _Toc212316849]2.8 Flowchart Diagram Description
Below is a textual representation of the flowchart logic. You can visualize this as a block diagram with arrows connecting each step:
[image: ]


[bookmark: _Toc212316850]3 Testing and Validation
[bookmark: _Toc212316851]3.1 Sample Output
The first few rows of the dataframe were printed using head(pelldata) to verify correctness. Known values of Pell and Fibonacci numbers were cross-checked with external sources such as Wikipedia and mathematical references.
[image: ]

[bookmark: _Toc212316852]3.2 Edge Cases
Special attention was given to n = 0, where F_0 = 0 would cause division by zero. The script handles this by assigning NA to the approximation and related columns.

[bookmark: _Toc212316853]3.3 Manual Verification
Selected values were manually verified using a calculator and mathematical references. The approximation of √2 improves steadily with increasing n, confirming the convergence behavior of the Pell sequence.
[bookmark: _Toc212316854]
4  Reflection
[bookmark: _Toc212316855]4.1 Challenges Faced
One of the most significant challenges in this assignment was implementing the accuracy check for decimal places. Floating-point comparisons in R can be unreliable due to rounding errors and precision limitations. To overcome this, I used string formatting and character-by-character comparison to count matching digits between the approximation and the true value of √2. This approach required careful handling of string indexing and formatting, which added complexity to the code but ensured reliable results.
Another challenge was adhering strictly to the use of loops. R is known for its powerful vectorized operations and functional programming tools such as apply(), lapply(), and custom functions. However, the assignment explicitly prohibited these constructs, requiring a more manual and granular approach. This constraint pushed me to think more deeply about loop control, indexing, and memory allocation, ultimately strengthening my understanding of core programming principles.
Edge case handling also required attention. For example, when , the approximation is undefined. The script handles this by assigning NA to the approximation and related columns, ensuring that the dataframe remains consistent and error-free.
[bookmark: _Toc212316856]4.2 Lessons Learned
This assignment deepened my understanding of recursive sequences, numerical approximation, and loop control in R. I gained practical experience in managing data structures, handling edge cases, and formatting output for analysis. I also learned how integer sequences can be used to approximate irrational numbers—a concept that bridges discrete mathematics with continuous analysis.
The task reinforced the importance of code readability, commenting, and structure. By including clear comments and whitespace, I ensured that the code could be easily understood and maintained by others. This is a valuable skill in professional programming environments where collaboration and code review are common.
[bookmark: _Toc212316857]4.3 Improvements for Future Work
If I were to repeat this assignment, I would consider modularizing the code using functions (if permitted) to improve readability and reusability. Functions would allow for cleaner separation of tasks such as sequence generation, approximation calculation, and accuracy measurement. I would also explore visualizing the convergence of √2 using plots, which could provide additional insights into the behavior of the approximation over time.
[bookmark: _Toc212316858]4.4 Ethical Use of Generative AI
I used generative AI tools to clarify the assignment requirements and validate my understanding of Pell numbers and their properties. However, all code was written manually, and all logic was independently tested. AI was used ethically and only as a supplementary resource. I ensured that the final submission reflects my own understanding and originality, in line with the university’s academic integrity guidelines.
[bookmark: _Toc212316859]5  Conclusion
This assignment provided a comprehensive exercise in statistical programming, numerical analysis, and data manipulation using R. By generating the first 200 Pell numbers and comparing them with Fibonacci numbers, I was able to explore the convergence behavior of rational approximations to √2. The use of loops reinforced core programming skills, while the creation of a structured dataframe facilitated analysis and potential visualization.
The task also highlighted the importance of precision, edge case handling, and code presentation. Through testing and reflection, I gained valuable insights into both the mathematical and computational aspects of the problem. The experience has strengthened my ability to tackle complex programming tasks, apply mathematical theory in practical contexts, and communicate technical results effectively.
Beyond the immediate scope of the assignment, the skills developed here are transferable to a wide range of data science and analytics tasks. Recursive algorithms, approximation techniques, and loop-based data manipulation are foundational tools in many domains, including machine learning, financial modeling, and scientific computing. This assignment has not only enhanced my technical proficiency but also prepared me for more advanced challenges in statistical programming and data analysis.
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fib[1] <- ©
fib[2] <- 1
pell[i] <- ©
pell[2] <- 1
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for (i in 3:200) {
fib[i] <~ fib[i - 1] + fib[i - 2]
pell[i] <- 2 * pell[i - 1] + pell[i - 2]
}
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approx_sqrt2[i] <- pell[i] / fib[i]
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diff_sqrt2[i] <- round(abs(sqrt(2) - approx_sqrt2[il), 5)
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true_val <- format(sqrt(2), digits = 15)
approx_val <- format(approx_sqrt2[i], digits = 15)
match <- @
for (j in l:nchar(true_val)) {
if (substr(true_val, j, j) == substr(approx_val, j, j)) {
match <- match + 1
} else {
break
¥
}

accuracy[i] <- match - 2
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pelldata <- data.frame(
Index = n,
Fibonacci = fib,
Pell = pell,
ApproxSqrt2 = approx_sqrt2,
DiffToSqrt2 = diff_sqrt2,
AccuracyDP = accuracy
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FOR i = 3 to 200
- Compute Fibonacci and Pell numbers
END FOR
4
FOR i = 1 to 200
> IF Fibonacci # © THEN
- Compute approximation
- Compute difference
- Count matching decimal places
ELSE
> Set values to NA
END FOR
4
Create dataframe
4
End
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Index Fibonacci Pell ApproxSqrt2 DiffToSqrt2 AccuracyDP
o o [} NA NA NA

1 1 1 1.000000 0.41421 o]

2 1 2 2.000000 0.58579 o

3 2 5 2.500000 0.91421 o

4 3 12 4.000000 2.58579 o





image1.jpeg




image2.png
n <- 0:199

fib <- numeric(200)

pell <— numeric(200)
approx_sqrt2 <- numeric(200)
diff_sqrt2 <- numeric(200)
accuracy <- integer(200)




