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INTRODUCTION 
 
For the last few years, I have used games in secondary mathematics lessons as enrichment 
activities. Naturally, students enjoyed the games. However, it is important for me to 
remember that I am teaching students about mathematics, not merely how to play games. I 
want to learn more about the mathematics of games. In this project, I applied the principles of 
self-regulated learning for one term to enhance my knowledge of game theory. The purpose 
of this paper is to report on my self-experiment.  
 

SELF-REGULATED LEARNING 
 

Teach Yourself is a famous series of books that is more than 75 years old and covers a 
wide range of subjects. The books in this series allow readers to learn simply by reading a 
book. No lectures; no examinations; just read the book. This encapsulates the essence of self-
regulated learning. Zimmerman (2002) formally defined self-regulated learning (SRL) as 
follows: "Self-regulation ... is the self-directive process by which learners transform their 
mental abilities into academic skills" (p. 65). 

In the 21st century it is more important than ever that people develop skills in self-
regulated learning. The 21st century is a time of rapid change and we are witnessing an 
explosion in knowledge. New subjects arise more quickly than schools and universities can 
accommodate. New approaches, especially from IT, develop more quickly than industry can 
adopt them. In addition, people develop their careers into areas in which they have had no 
formal training, and training can be quite expensive. We need skills to teach ourselves. 

Where does one develop these skills? An obvious place to start developing these skills 
is at school. However, the school curriculum is already very crowded. In an interesting paper, 
Effeney, Carroll, & Bahr (2013) suggested that students are not exposed to these ideas in the 
course of their normal schooling. They investigated the sort of skills in SRL that were 
employed by a small sample of adolescent school boys, and the sources of these skills. The 
paper emphasised the importance of being organised in successful SRL. 

How does one develop these skills? Although various theoretical models for self-
regulated learning can be found in the literature (Griffin, English, Nibali, Harding, & 
Graham, 2018; Zimmerman & Schunk, 2001), the model in Zimmerman (2002) is simple, 
short, readable, authoritative, and practical. To better understand SRL, I performed a self-
experiment by applying the model proposed in Zimmerman (2002) in the context of solving 
chess problems. I note, en passant, that research in psychology has often been applied to 
chess; Ericsson & Charness (1994) is but one example. 

 
MY INTEREST IN GAME THEORY 

 
My favourite game is chess. There are various ways in which one can be involved in 

chess. Playing a chess game over-the-board is the usual way to be involved in chess. One can 
also play by correspondence. Traditionally one would play correspondence chess by post or 
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even telegraph. These days, correspondence chess is conducted mostly on-line. One can gain 
considerable pleasure simply by reading through books of chess games, and there are many. 
Moving the pieces on your chess board according to a game by a grandmaster, with Mozart in 
the background, and a glass of wine nearby is a enjoyable activity. And then there is the 
fascinating world of solving chess problems. 

A particular variant of chess is known as Dawson's chess. This leads to Dawson's 
chess problem which was posed in 1934 (Dawson 1934, 1935, 1973). This problem intrigues 
me. However, to solve Dawson's chess problem, I must first learn about the theory of 
combinatorial games (Ferguson, 2020), which is the purpose of this experiment. 
 

IMPLEMENTING ZIMMERMAN'S MODEL 
 

Zimmerman's model of self-regulated learning consists of a cycle of three phases: 
forethought, performance, self-reflection (Zimmerman, 2002). 

Forethought: The first step in the forethought phase is goal setting. According to 
Locke & Latham (2013b), the goal should be specific and challenging, but not impossible. 
On 18 January 2022, I set the following goal for Term 1, 2022.  

18 January 2022–8 April 2022: Read Ferguson (2020, part 1) (approx. 60pp.). 
Let me emphasise that "reading" 60 pages of an advanced mathematics book is no 

walk in the park. One can struggle for days to understand a single page. I read, question, 
experiment, try to complete the exercises, re-write the text in my own words. This goal is 
specific and challenging, but not impossible. 

The next step in the forethought phase is to develop a strategic plan. How will I 
achieve this goal? After consulting Ericsson & Churness (1994), I decided to devote about 
one hour each day to studying Ferguson (2020). 

The other steps in the forethought phase in Zimmerman (2002) were straightforward 
to apply. Self-efficacy: I am confident that I can do this. Intrinsic interest: I have been 
interested in solving chess problems for some years, and intrigued by Dawson's chess 
problem for a few months. Learning goal orientation: I enjoy learning and trying to solve 
chess problems. 

Performance: In the performance phase, I recorded my daily work in a note book and 
summarised my activity in this diary. This served as an instrument of self-recording 
(Zimmerman, 2002) and helped to maintain motivation. 

Self-reflection: I regularly came back to this plan and made notes on my progress. I 
found that 1 hour/day is about enough concentration on this sort of work. 
 

CONCLUSION 
 

If I am to foster self-regulated learning in a school, then I should have first-hand 
experience with this method of learning (Dignath & Büttner, 2018). To this end, I conducted 
a self-experiment in which I implemented Zimmermann's (2002) model for SRL, to improve 
my understanding of the mathematical theory of games. I will continue with this approach to 
professional development. 
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DIARY 

 
This diary summarises my activity; details are in my note book. 

 
18 January 2022 

 
Planning phase 
 
Long term goals:  

1. To learn more about how to uses games in teaching students about mathematics. 
2. To solve Dawson's chess problem. 

 
Short term goal: To learn about the theory of games by studying Ferguson (2020, Part 1) in 
Term 1 which ends on 8 April 2022.  
 
Strategic plan:  

• Read Ferguson, 1-2 hours/day. Test myself on exercises in the text.  
• Maintain diary and this summary 

 
Self-efficacy: I am interested in solving chess problems, and have been for a long time. I 
have the basic materials required - books and chess set. My teaching job is part-time 
(EFT=0.4) which allows time to complete this project. I can do this.  
 
Outcome expectations: I expect to solve all the problems in Ferguson (2020, Part 1). As my 
learning progresses, my understanding of combinatorial games in general, and Dawson's 
chess in particular, will improve, and I will be better placed to use games in the mathematics 
classroom. I will use this exercise as part of my professional development as a mathematics 
teacher. 
 
Intrinsic interest/value: I have strong interests in using games in teaching students about 
mathematics, problem solving, and self-regulated learning. 
 
Learning goal orientation: I enjoy learning. 
 
Time allocation today: 1 hour 
 

19 January 2022 
 
Ferguson (chapter 1): The author starts with a simple game and shows how to find a strategy 
for winning; definition of combinatorial game; distinction between N-position and P-
position; N = next player is winning; P = previous player is winning; defines distinction 
between impartial and partizan games; I reckon that chess is a partizan combinatorial game, 
but Dawson's chess is an impartial combinatorial game. The definition of winning brought 
me to the conclusion about a term in chess studies: "White to play and win" means "White 
can win no matter what defence Black offers". This is a better interpretation than those that I 
have found elsewhere. 
 
Time allocation today: 1 hour 
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20 January 2022 
 
I applied the P-N algorithm (§1.3) to the game of NIMBLE. I probably started with too many 
counters and the problem became unwieldly. I tried again with a smaller number of counters. 
I found that a position can be both an N-position and a P-position. Curious. Is this possible? 
 
Time allocation today: 1 hour 
 

21 January 2022 
 

I was wrong. Misread the algorithm. No position can be both P and N. 
 
Time allocation today: 1 hour 
 

22 January 2022 
 

I continued to experiment with applying the N-P algorithm to NIMBLE. Using the algorithm, 
I was able to determine who would win the game (with best play) from the initial position! 
This would show students the power of mathematical thinking. 
 
Time allocation today: 1 hour 
 

23 January 2022 
 

I returned to the original problem that I tried on 20 January 2022 to find out if I can now 
solve this game with my improved understanding. The problem is this. Play NIMBLE with 
starting point {1, 3, 3, 5, 5, 6}. The problem is indeed complicated but instructive because I 
start to see some patterns in the N positions and the P positions. Each time I look at it, I learn 
more and the N-P algorithm. Will return to it again tomorrow. Then I must move on. 
 
Time allocation today: 1 hour 
 

24 January 2022 
 

Solved exercise 1 in section 1.5. Misère form of TAKE-AWAY, the normal form of which is 
treated in detail in the chapter. This exercise shows that even the simplest of games can 
enhance mathematical thinking—not particularly advanced but suitable for a secondary 
student. After you solve this problem, you see the game in a different light. It's not just about 
enjoyment - it's about understanding.  
 
Time allocation today: 1 hour 
 

27 January 2022 
 

Solved exercise 2 in section 1.5. Normal form of SUBTRACTION GAME. A simple game 
well within the reach of a high school student. 
 
Time allocation today: 1 hour 
 

31 January 2022 
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Certainly harder to find time for PD when classes are about to start! Started on exercise 3 in 

section 1.5, another Misère game.  
 
Time allocation today: 1 hour 
 

7 February 2022 
 

Section 1.5, exercise 4(a). Total time spent so far is 10 hours and I have not finished the 
exercises in chapter 1. Maybe I should summarise chapter 1 and move on. 
 
Time allocation today: 1 hour 
 

11 February 2022 
 

Summarised chapter 1. 
 
Time allocation today: 1 hour 
 

12 February 2022 
 

Section 1.5, exercise 4(b); did not complete; will return to it tomorrow. 
 
Time allocation today: 1 hour 
 

13 February 2022 
 

Section 1.5, exercise 4(b); completed 
 
Time allocation today: 1 hour 
 

7 March 2022 
 

Started and completed chapter 2. This dealt with nim. Ferguson notes that, generally, the 
misère game is more complicated to analyse than the normal game - and Dawson's chess is a 
case where misère is much more complicated to analyse than the normal game. It is 
interesting that it was the misère case raised by Dawson in the 1930s. 
 
Time allocation today: 4 hours 
 

18 March 2022 
 

Worked on exercises in chapter 2. A key idea is to use the fact that some games are 
equivalent to nim. I think that F's answer to exercise 3 is not correct. BTW, I find working in 
the Bendigo library to be an enjoyable experience. It is a lovely space. 
 
Time allocation today: 4 hours 
 

19 March 2022 
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Solved exercise 2.4. Used the key idea that some games are equivalent to nim. Time to move 
onto chapter 3. I find that the diary helps to keep me on track. 
 
Time allocation today: 1 hour  
 

25 March 2022 
 

Worked on chapter 3; Sprague-Grundy function; came to a better understanding through 
doing some examples and exercises. 
 
Time allocation today: 3 hours (25 so far) 
 


