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Abstract
In this paper, we report a case study of applying puzzle solving as a programming practice. There are many students,

who have attended computer programming language courses, have had difficulties in accomplishing the course assignments.
It is because just following and citing the programming language course materials is not sufficient for constructing computer
programs. Many professional developers have stated that computer programming for small problems is an art of puzzle 
solving, where developing enterprise-size computer programming projects involves architectural insights which are already
dealt in software engineering literatures. Following those backgrounds, we have explored the applicability of puzzle solving
in a C++ object oriented programming course and have reported the results. The experimental results show that puzzle 
solving is effective to the students who are interested in computer programming and have at least beginner-level knowledge
and expertise, but it turned out that puzzle solving assignments still does not draw much attention of the students who are
not seriously interested in computer programming. 
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Ⅰ. Introduction

As instructors of a computer engineering department, 
we consider the case of students who are not familiar 
with computer programming languages. Those students 
feel difficulty in following programming language 
classes, because of the reasons that can be summarized 
as follows: 
1. Lack of previous programming experience and lack 

of time for learning language grammar
2. Psychological pressure about using computer tech-

nology
3. Lack of artistic capability that a programmer should 

have as an artist (Knuth, 1974)
As for the third reason, solving programming 

puzzles can help students who have potential abilities 
in programming, but feel difficulty in computer pro-
gramming because of little knowledge in language 
grammar and usage of programming tools. 

Starting from Shockley Semiconductor Lab.™ and 

becoming popular by Microsoft™, big software com-
panies use puzzles and programming problems as a 
measure of recruiting software developers (Mongan 
& Suojanen, 2000; Poundstone, 2004). Puzzle solving 
and developing computer program have following 
commonalities. 
1. Both are about solving problems. Some puzzles 

can be solved by computer programs 
2. Imperative programming is similar to mathematical 

proof (Avigad & Reck, 2001)
3. Debugging a program is a reasoning process similar 

to detective stories (Bentley, 1999)
It is worthwhile to noting that many professional 

software developers have stated that computer pro-
gramming for small problems is an art of puzzle 
solving (Bentley, 1999; Knuth, 1974), but developing 
enterprise-size computer programming projects involves 
architectural insights which are already dealt in software 
engineterrchiiteratures (Alexander, 1977; Gamma et 
al., 1995). 

We explain why the computer programming (more 
precisely, imperative programming) for small problems 
has many commonalities with the art of puzzle solving 
or mathematical proofs. Though there are many 
different opinions about mathematical proof, two main 
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opinions are Platonian view and Constructivist view. 
Platonians believe that mathematical proofs already 
exist somewhere in the ideal world, and mathe-
maticians try to find the proofs. To the contrary, 
constructivists argue that mathematical proofs are 
constructed by humans. However, both parties usually 
agree that proofs are a series of statements causally 
related by deduction. Though there are difference in 
the degree of formality, a solution to a puzzle or a 
conclusion of a detective story have the similar 
characteristics.

However, for the enterprise level programming 
projects, there are different complexities software de-
veloper have to consider. They include project size(in 
lines of code), software maintenance, upgrade, test 
and debugging, etc. Those account for the research 
on object oriented programming, software development 
process, design pattern, etc. Therefore, we can consider 
the following equation.

computer programming project 
= 
software engineering 
(analogous to architectural engineering) 
+ 
computer algorithm 
(analogous to puzzle solving or mathematical proof)

Though many agreed that computer programming 
is related with puzzle solving, but there are few 
literatures on the application and analysis of using 
puzzles in the computer programming course. 

Considering those backgrounds, in the C++ object 
oriented programming courses, we have given stu-
dents puzzles as assignments, and observed who were 
interested and who solved the puzzles. 

The results have showed that there are a few 
students who are much interested in solving puzzles 
with programming languages, and they have obtained 
significant programming expertise during the puzzle 
solving process with computer programs.

Ⅱ. Problem Based Learning (PBL) 
and Related Work

Problem-based learning (PBL) is an instructional 
strategy that is mainly centered for students. In PBL, 

students collaboratively solve problems and reflect on 
their experiences (Schmidt, 1995). According to Nor-
man (Norman, 2008), main characteristics of PBL are 
as following:
1. Learning is driven by challenging, open-ended 

problems.
2. Students work in small collaborative groups.
3. Teachers take on the role as “facilitators” of 

learning.
From a constructivist view of PBL, the instructor 

guides the learning process rather than provides know-
ledge (Hmelo-Silver & Barrows, 2006). Thus, feedback 
and reflection on the learning process and group 
dynamics are essential components of PBL. 

PBL has been applied in many fields (Dods, 1997; 
Gallagher et al., 1995; Katz, 1996; Stepien & Gallagher, 
1993; Stepien et al., 1993). However, there have been 
few literatures on the effects on the application of 
challenging puzzles to a programming practice. In this 
research, we provide a case study on the applicability 
of puzzle solving in a C++ object oriented programming 
course. 

Ⅲ. Experiments

In the C++ object oriented programming language 
course at Fall 2008 at one university in Busan, South 
Korea, we have distributed three following puzzle 
problems to the students. As a reward for the puzzle, 
we promised to give 100% points for the course to 
the students who solve all the three problems. 

There are problems we had distributed to student 
on the other semesters. They include compression al-
gorithms, binary encoding, etc. In this paper, to ensure 
the accuracy of the experimental results, we limit the 
discussion on the C++ object oriented programming 
course at Fall 2008. 

1. Four-peg Towers of Hanoi (The Reve's Puzzle) 

(Houston & Masum, 2004)

It is well known that the minimal moves for the 
classical Tower of Hanoi is 2n－1, where n is the nu-
mber of disks. In four-peg Towers of Hanoi, we add 
one more peg to the classical problem. The number 
of optimal moves for four-peg Towers of Hanoi is 
still an open problem. Many researchers believe that 
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<Table 1> Results on three puzzle problems
Problem # of students who submitted programs # of accepted programs

#1 (Four-peg Towers of Hanoi) 5 0

#2 (Multi-stack Towers of Hanoi) 5 1

#3 (N-Narcissistic Numbers) 6 3

[Fig. 1] Four-peg Towers of Hanoi

[Fig. 2] Multi-stack Towers of Hanoi

the number of optimal moves is related with Frame- 
Stewart conjecture (Korf & Ariel, 2007). 

2. Multi-stack Towers of Hanoi (Stockmeyer & 

Lunnon, 2008)

As is in the Fig. 2, on the first and the last pegs 
of the three pegs, n disks are stacked by size 
respectively. The aim of the puzzle is to move all the 
disks on the two pegs to the peg in the center, 
following the rule of the original Tower of Hanoi 
problem. 

3. N-Narcissistic Numbers

A narcissistic number is a number that is the sum 
of its own digits each raised to the power of the 
number of digits. For example the 3-digit decimal 
number 153 is a 3-narcissistic number because 153 = 
13 + 53 + 33. Each 1-digit decimal number is a 1- 
narcissistic number by its definition. There are no n- 
narcissistic numbers when n is greater than 39. There 
are 88 narcissistic decimal numbers including 0. 
Calculate all n-narcissistic decimal numbers when 0 
≤ n ≤ 39. 

Ⅳ. Results and Discussion

As for the problem #1, an easy but non-optimal 

solution was included in the problem itself. The easy 
solution is as following (for simplicity, we omit the 
obvious case when n < 3): 

void reve(int peg1, int peg2, int peg3, int peg4, int n)
{
 reve(peg1, peg3, peg4, peg2);
 move(peg1, peg3, 1);
 move(peg1, peg4, 1);
 move(peg3, peg4, 1);
 reve(peg2, peg1, peg2, peg4);
}

No students have implemented Frame-Stewart 
algorithm for the problem #1. 

As shown in the <Table 1>, five out of forty 
students have shown interests in the problem #2 
(Multi-stack Towers of Hanoi), and six of forty 
students have been interested in the problem #3 
(n-narcissistic numbers). One student has solved the 
problem #2, and three students have solved problem 
#3. For the problem #2, one student wrote a program 
that was faster than the program written by the 
instructor.

It has been shown that giving an interesting puzzle 
as a program assignment stimulates some students to 
engage themselves more to the course. However, one 
major drawback observed is that giving an interesting 
puzzle does not draw the attention of the students who 
are not interested in computer programming at all 
and thus have very little knowledge in programming, 
which will be one of future research directions. 

Ⅴ. Conclusion

In this paper, we reported a case study of the 
applicability of puzzle solving in a C++ object oriented 
programming course. The experimental results show 
that puzzle solving is effective to the students who 
are interested in computer programming and have at 
least beginner-level knowledge and expertise, but it 
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turned out that puzzle solving assignments still does 
not draw much attention of the students who are not 
seriously interested in computer programming. 
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